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 Glucose must be carefully regulated to ensure its safety and quality. 
Nowadays, chemists often face difficulty to measure glucose concentrations 

as the current methods for the analysis are expensive and require complex 
procedures which have reduced the interest among chemists to use these 
techniques. This study evaluated the performance of a single mode optical 
fiber tip sensor for glucose detection. The sensing mechanism mainly 
depends on the Fresnel’s reflection that occurs at the flat fiber tip region 
while the sensor performance was evaluated based on its sensitivity and 
linearity. The sensor was tested in glucose solution at different concentration 
range; high range (0% - 14%), medium range (0% - 1.4%) and low range 
(0% - 0.14%). The sensor showed a good performance when sensing the 

glucose solution at high and medium concentration range with strong 
linearity of more than 90% and an average sensitivity of 0.0979 dBm/% and 
0.1019 dBm/%, respectively. However, the low concentration range showed 
no significant changes during sensing. Based on the findings obtained in this 
study, the optical fiber tip sensor has the potential to be utilized for glucose 
detection and suitable for high and medium concentration range 
measurement. 
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1. INTRODUCTION  

Glucose (C6H12O6) is a simple sugar which is made up of six carbon atoms (C) that are linked to a 

hydroxyl group (OH). This type of sugar is soluble in water and provide a sweet taste [1]. In the food 

industry, glucose is mainly used as a sweetener to improve the taste of food [2]. Nutritionally, glucose 

provides energy to the human body especially to the brain and nervous system [3]. Glucose is critical to life, 

so its level in the body must be carefully regulated. There are two consequences for an unregulated glucose 

level. Elevated glucose level can cause hyperglycemia, but lack of glucose level can cause hypoglycaemia  

[4, 5]. Extremes hyperglycemia and hypoglycemia can lead to diabetic emergencies [6]. The signs and 

symptoms of both conditions are quite similar such as staggering and an intoxicated appearance. 

Currently, chemists face difficulties in analyzing glucose samples. Various techniques have been 
employed to analyze the concentration of this liquid food products such as high-performance liquid 

chromatography (HPLC) [7, 8], capillary electrophoresis (CE) [9] and Fourier transform infrared (FTIR) 

analysis [10]. These techniques are useful, versatile, and extremely precise when it comes to quantifying 

chemical components, but they have several drawbacks because they are time-consuming, expensive, require 
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high maintenance and highly skilled operators to perform the corresponding chemical processes [11, 12].  

The drawbacks have reduced the interest in employing these techniques in analyzing the samples. 

Hence, this paper proposes an optical fiber tip sensor solve this matter. Optical fiber tip sensor has 

attracted attention in sensing field as it only requires a single step process to fabricate the sensor; by cleaving 

the fiber to produce a flat end sensing surface [13, 14]. Recently, optical fiber tip sensor has been utilized for 

measuring sucrose and ethanol level [15], glycerol [14], benzene, methanol, acetone concentration [16] and 

temperature level using sodium chloride solution [17]. Based on these references, we determined that it is 

feasible to utilize the optical fiber tip sensor for glucose detection. Therefore, this works aims to evaluate the 
performance of a single mode optical fiber tip sensor for this purpose. 

 

 

2. RESEARCH METHODOLOGY 

2.1.  Sensing system development and sensor preparation 

The characterization setup for the proposed sensor using the optical fiber tip is shown in Figure 1.  

In the experiment, an amplified spontaneous emission (Fiberlabs – ASE FL7004) is used as a light source 

which can produce a broadband spectrum operating at infrared wavelength. In this context, the broadband 

spectrum source is required to observe if there are any significant wavelength changes apart from the optical 

power changes. The optical circulator is used to direct the Fresnel light (or transduced light) from the sensing 

region to optical spectrum analyzer (Yokogawa - AQ6370D) to monitor the sensing response. The sensor is 

placed and fixed on a glass slide to reduce any physical disturbance. Throughout the experiment, the analyte 
is dropped onto the sensing probe using a 100 µL pipette. The sensor performance is established from the 

light spectrum response. At the end of each sample measurement, the sensor is repeatedly cleaned with DI 

water followed by a proper drying process to ensure that no residues from the previous sample remains. 

During the experiment, the concentration is raised from low to high concentrations, and the experiment is 

repeated for three cycles. All the mixtures are stirred for 10 minutes to ensure homogeneity 

The optical fiber tip sensor was selected for measurement because only a single step fabrication is 

required; by cleaving the fiber. An SMF (Corning SMF-28e) 20 cm in length with the core and cladding 

diameters of 8.2 μm and 125 ± 0.7 μm, respectively were used to prepare the sensor. The SMF was chosen in 

this work because it had low light loss [18], low cost, compatible with the existing setup and can operate at 

NIR wavelength which was an eye-safe wavelength [19]. The small part of the fiber tip is stripped and 

cleaned using dry tissue and propanol, followed by DI water to remove any debris. The tip is cleaved to 
produce a flat end surface sensing region as shown in Figure 2. The well-cleaved fiber structure is imaged 

using a digital microscope (Dino-Lite AM4515T8). The black and white strip exists due to image 

magnification and light effect adjustment 

 

 

 
 

Figure 1. Characterization setup for glucose detection 

 

 

 

 

 

 

 
 

Figure 2. The optical fiber cleaving to produce the 

flat end fiber surface; (a) front view and (b) top 

view of the optical fiber tip sensor 

 

 

2.2.  Sensing mechanism 

When the ASE light is injected into the analyte, Fresnel reflection occurs at the coupling interface 

between the fiber core and the analyte which has different refractive indices. The Fresnel light will be 

reflected into the core. The fraction of the optical power (R) that is reflected on the interface is as in (1). 
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Here, nc is the refractive index of the optical fiber core and na is the refractive index of the contacted 

analyte with the core. Figure 3 illustrates the working principle of the optical fiber tip sensor used in this 

work. By changing na with the different chemical composition of the analyte, Fresnel reflection arising at the 

interface between the tip of the optical fiber and the analyte is also changed. 

 
 

 
 

Figure 3. Working principle of the proposed optical fiber tip sensor 

 

 

2.3.  Glucose sample preparation 

The procedure in preparing the glucose samples is illustrated in Figure 4. Initially, a concentrated 

solution is prepared before diluting the solution to obtain glucose at various concentration range.  

For instance, the concentrated glucose sample with 50% of concentration was prepared by adding 50g of 

glucose powder in 50mL of DI water. Next, the stock was diluted to obtain glucose at various concentrations 

ranging from high range: 0% - 14%, medium range: 0% - 1.4% and low range: 0% - 0.14%. The 

concentration range used in this work was lower than those stated in previous work [20, 21]. The solution 

was diluted at a different range to determine the sensor’s capabilities to measure smaller glucose 

concentration. 
 

 

 
 

Figure 4. Glucose sample preparation 

 

 

2.4. Evaluation procedure 

The sensor performance was evaluated based on their two static characteristics: sensitivity and 

linearity. Sensitivity is the ratio of the change in the sensor’s output (Δy) to the change of the measurand in 

the input (Δx). The slope of the graph curve, y = f(x), can be used for the calculation of sensitivity [22].  

The greater the graph slope value, the higher the sensitivity of the sensor. 
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All the experiments were repeated for three cycles to evaluate the variations in the sensor’s 

sensitivity. This can be performed by evaluating their standard deviations. An ideal standard deviation is zero 

(0), meaning that there are no variations between the results. The more the standard deviations depart from 

zero, the more variations can be seen in the data distributions [23]. A low standard deviation means that most 

of the numbers are very close to the average [24], which indicates a constant sensitivity for the three repeated 

experiments. In contrast, a high standard deviation means that the numbers are spread out [24], which 

indicates that the sensitivity value fluctuated in the three repeated experiments. The formula for calculating 

the standard deviation is described in (2) [25]; x 
 

   √
     ̅  

   
 (2) 

 

 ere, s is the standard deviation, x is the sensor sensitivity, x  is the average sensor sensitivity for the 

three repeated experiment and n is the number of repeated cycles. The closeness of the calibration curve to a 

specified straight line shows the linearity of a sensor. The linearity can be determined based on the regression 

coefficient (R2) from the plotted graph and given as (3) [26];  

 

                    (3) 
 

In this work, the sensor characteristics are set to a specific value to ensure its quality performance. 
The sensing response will be proclaimed as the good one if the sensor can provide a low standard deviation 

sensitivity value (s ≤ 0.020) for the three repeated experiments with average linearity more than 90%. 

 

 

3. RESULTS AND DISCUSSION 

The following analysis discusses the sensing response of the fiber tip sensor for all the three cycles of the 

experiment in the same condition. Since there are no significant wavelength changes during the measurement, all 

the data are analyzed at a fixed 1559 nm wavelength, based on the available peak value of ASE light source. 

 

3.1. Sensing response for glucose concentration at high range of 0% to 14% 

Figure 5 depicts the glucose sensing spectrum and the analysis of the reflected light power of the 

glucose concentration range from 0% - 14% for the first cycle of the experiment. In Figure 5(a), there are 
significant spectral changes shown by the proposed fiber tip sensor. In Figure 5(b), the optical power linearly 

decreases as the concentration of glucose increases. The initial reflected light of -44.9533 dBm is reduced to - 

46.3443 dBm, with a total power loss of 1.391 dBm. The sensitivity achieved by this sensor is 0.0979 

dBm/% with a linear regression value up to 0.9924. 

 

 

  
(a) (b) 

 

Figure 5. The sensing response; (a) sensing spectra and (b) analysis of reflected light intensity for the first 

cycle of the experiment at 1559 nm of wavelength for glucose solution range from 0% - 14% 
 

 

Table 1 summarizes the sensor performance for a high range of glucose concentration for the three 

repeated cycles of the experiment. In the average analysis, the sensor sensitivity is 0.0979 dBm/% and the 

linearity is 99.27%. The sensor sensitivity collected from the repeated cycles is evaluated based on the 
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standard deviation. The evaluation is necessary to observe the variations in the results. The sensor sensitivity 

has a standard deviation of 0.000 which shows that there is no variation in sensitivity between the three 

repeated results. All the sensor sensitivity is very close to the average value which indicates that the sensor 

has a high possibility of producing a constant sensitivity for any repeated experiment. 

 

 

Table 1. Optical fiber tip sensor performance at a high range of glucose concentration 
No. of Cycles    

Sensor Sensitivity (dBm/%) 0.0979 0.0974 0.0970 

Regression Coefficient, R2 0.9924 0.9892 0.9966 

Average Sensitivity (dBm/%)  0.0979  

Average Linearity (%)  99.27  

Standard Deviation of the Sensitivity for Three Repeated Experiment, s  0.000  

 

 

3.2.  Sensing response for glucose concentration at medium range of 0% to 1.4% 

Figure 6 depicts the glucose sensing spectrum and the analysis of the reflected light at a medium 

concentration range from 0% - 1.4% for the first cycle of the experiment. As can be seen in Figure 6(a), there 

are also significant spectral changes shown by the proposed sensor. In Figure 6(b), the optical power is 
linearly decreasing with the increase in the glucose concentration. The initial light in the form of -45.16 dBm 

was reduced to -45.28 dBm, giving a total loss of 0.12 dBm. The sensitivity achieved by this sensor for the 

first cycle experiment is 0.0821 dBm/% with a linear regression value of 0.9292. 

Table 2 shows the sensor performance during a medium range glucose concentration measurement 

for all the three cycles of the experiment. In the average analysis, the sensor sensitivity is 0.0950 dBm/% and 

the linearity value is 94.21%. The standard deviation of the sensor sensitivity is 0.015 for the three repeated 

experiments, which is slightly higher than the high range concentration which indicates the sensor sensitivity 

results started to fluctuate in the three repeated experiments in the same condition. However,  

the standard deviation value still can be considered as a good value because the maximum acceptable value 

in this work is 0.020. 

 
 

  
(a) (b) 

 

Figure 6. The sensing response; (a) sensing spectra and (b) analysis of reflected light intensity for the first 

cycle of the experiment at 1559 nm of wavelength for glucose solution range from 0% - 0.14% 

 

 

Table 2. Optical fiber tip sensor performance at a medium range of glucose concentration 
No. of Cycles 1 2 3 

Sensor Sensitivity (dBm/%) 0.0821 0.1119 0.0911 

Regression Coefficient, R2 0.9292 0.9392 0.9552 

Average Sensitivity (dBm/%)  0.0950  

Average Linearity  94.21%  

 

 

3.3.  Sensing response for glucose concentration at low range of 0% to 0.14% 

Figure 7 depicts the glucose sensing spectrum and the analysis of the reflected light with a glucose 

concentration ranging from 0% - 0.14% for the first cycle of the experiment. As can be seen from the graph 

plotted in Figure 7(a), the sensing response from the proposed sensor does not distinguish the different 
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glucose concentration. In the analysis of the optical output power, the regression line in Figure 7(b) only 

touches specific data points showing significant error terms. The linear regression model does not include all 

the possible variables. 

The average sensor performance for the three cycles of the experiment is summarized in Table 3. 

The average linear regression for the repeated three cycles of the experiment is 0.0096 with linearity down to 

9.6%. This indicates that there is no significant changes in the output optical power and from the rough 

observation, the output optical power values are constant. The sensor sensitivity has a standard deviation of 

0.089, which strongly prove that the sensor sensitivity has variations and the results fluctuate for the three 
repeated experiments. 

 

 

 
 

(a) (b) 

 

Figure 7. The sensing response; (a) sensing spectra and (b) analysis of reflected light intensity for the first 

cycle of the experiment at 1559 nm of wavelength for glucose solution range from 0% to 0.14% 

 

 
Table 3. Optical fiber tip sensor performance at the low range of glucose concentration 

No. of Cycles 1 2 3 

Sensor Sensitivity (dBm/%) 0.3464 0.2571 0.4357 

Regression Coefficient, R2 0.1397 0.0153 0.1330 

Average Sensitivity (dBm/%)  0.3464  

Average Linearity (%)  9.6  

Standard Deviation of the Sensitivity for Three Repeated Experiment, s  0.089  

 

 

3.4.  Discussion 

To summarize the sensor performance, Table 4 tabulates all the results of the glucose sensing 

experiment. The sensor performance degrades as the glucose concentration changes from the higher to a 

lower range. Overall, the optical fiber tip sensor can be an ideal platform for glucose detection at a high and 

medium range of concentration. Generally, in both cases, the regression coefficient has a value of more than 

0.90. The experimental data suit the fitted straight line for the concentration range of 0% - 14% and 0% - 

1.4% in three consecutive repeated experiment. This indicates a very strong correlation between the reflected 

optical power and glucose concentration at high and medium range. About 90% of the relationship is the 

result of the glucose concentrations which is the factor currently being considered in this activity,  

and promising good sensor linearity. 

However, the linear relationship between the reflected optical power and glucose at the low range 
concentration shows a very weak correlation with no significant response. The insignificant changes may 

happen due to a very small changes in the concentration refractive index which cannot be detected by this 

sensor. Despite the fact that high sensitivity performance is obtained for the low range concentrations,  

this sensor has very low linearity and high standard deviations, proving that the sensor’s severe problems 

were centered on the ability to differentiate between the smaller glucose concentration and the fact that it was 

incapable of measuring glucose at a lower concentration range. 
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Table 4. Summary of the optical fiber tip sensor performance for glucose detection 
Glucose Range Average Sensor Sensitivity 

(dBm/%) 

Average Linearity (%) Standard Deviation of the Sensitivity for 

Three Repeated Experiment, s 

High Range (0%-14%) 0.0979 99.27 0.000 

Medium Range (0%-1.4%) 0.0950 94.21 0.015 

Low Range (0%-0.14%) 0.3464 9.60 0.089 

 

 

4. CONCLUSION 

This work has demonstrated the application of optical fiber tip sensor for glucose detection at a 

different range of concentration. The proposed sensor was tested with different glucose concentration ranges 

within a range; high (0% - 14%), medium (0% - 1.4%) and low (0% - 1.4%). The proposed sensor provides a 

strong sensitivity and linearity at high and medium concentrations with an average sensitivity of 0.0979 

dBm/% and 0.0950 dBm/%, average linearity of 99.27% and 94.21%, and standard deviations of 0.000 and 
0.015 for the three repeated sensitivity results, respectively. However, the sensor has severe difficulties in 

detecting glucose at low concentration range; it fails to detect any significant changes during the 

measurement by providing a very high standard deviations for the three repeated sensitivity results as high as 

0.089 and a very low average linearity as low as 9.6%. Based on the findings obtained in this study,  

the optical fiber tip sensor has the potential to be utilized for glucose detection and suitable for high and 

medium concentration range measurement. 
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