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Uric acid detection, spectroscopy, At this wavelength, the sensor achieved a linearity of 0.9694, sensitivity
visible spectrum, reagent-free of 0.0034 (mg/dL)™", and accuracy of 97.42%. Compared to the

previous developments, this work validates the improved linearity
range performance and offers rapid response times due to its reagent-
free design. The proposed sensor shows strong potential for efficient
real-time monitoring of uric acid over a wide concentration range.

1. Introduction

Uric acid is a byproduct of purine metabolism, which is 2,6,8-trihydroxypurine and appears in both keto and enol
forms, as illustrated in Fig. 1 [1]. In healthy individuals, serum uric acid levels typically range from 2.18 to 7.7
mg/dL and 25 to 74 mg/dL in urine [2], [3]. Elevated levels, exceeding 7 mg/dL in men and 6 mg/dL in women
[4], can indicate hyperuricemia, which is linked to conditions like gout, nephrolithiasis, diabetes mellitus,
cardiovascular disease, hypertension, obesity, and chronic kidney disease [5], [6], [7], [8], [9], [10]. In food
processing applications, uric acid is an indicator of contamination in food products like flour, cereals, and spices
[11], [12], [13], [14], [15]. Thus, uric acid detection and measurement are needed in these applications. Several
methods are used for uric acid detection such as electroanalytical [16], high-performance liquid chromatography
(HPLC) [17], and spectroscopy [18], [19]. Electroanalytical techniques offer a simple detection system but rely on
uricase, which normally faces enzyme mobilization and reproducibility challenges under controlled conditions
[16]. While HPLC is a rapid detection method but limited by low sample throughput, and high cost, making it
unsuitable for routine clinical analysis [20]. On the other hand, a spectroscopy technique offers a simple detection
with a broad linearity range. It does not require the disposal of testing components, making it eco-friendly and
more economical [18], [19].

In literature, uric acid detection for a wide linearity range has been explored independently in the ultraviolet
(UV), visible, near-infrared (NIR) and short-wavelength-infrared (SWIR) spectra. In the UV spectrum, detection at
a 300 nm wavelength has demonstrated a detection range between 9 to 90 mg/dL with linearity of 0.9633 and
sensitivity of 0.0063(mg/dL)-1 [21]. Other work by N Norazmi et al, 2017 exhibited a wider linearity range of uric
acid detected at 294.46 nm wavelength for a concentration between 40 to 100 mg/dL with a better sensitivity
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performance of 0.01(mg/dL)1 [22]. The results analysed using Spectrasuite software also confirmed that uric acid
could be detected at a constant UV wavelength with a fast response time of around 3 seconds [22]. Although these
works demonstrate a good performance in uric acid detection, spectroscopy works in the UV spectrum requires a
specialized UV-transparent cuvette made of quartz or UV-grade plastic which consumes higher cost [23]. While,
in the SWIR spectrum, spectroscopy operated at 1550 nm wavelength measured uric acid in concentrations
ranging from 3 to 15 mg/dL in artificial blood samples. The linear regression analysis between uric acid
concentration and the digital output shows a linearity of 0.9710 and a normalised sensitivity of 0.0036 (mg/dL)-
1, providing a reliable and convenient option for uric acid detection without using any reagents [24]. Similar to the
UV spectroscopy system, the system requires a SWIR-transparent sample compartment, which is normally more
expensive compared to the visible and NIR transparent cuvette [25], [26].
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Fig. 1 Uric acid chemical structure [1]

The economic components of the visible and NIR spectroscopy system have attracted an exploration of uric
acid detection in this region. Detection of 2 to 10 mg/dL uric acid in insect-infested food at 520 nm wavelength
has demonstrated a colourimetric method for food quality by analyzing the potassium ferricyanide reaction with
phenyl hydrazone to form an unstable chromophore. The technique achieved high linearity, R? of 0.9940 and
sensitivity of 0.0103 (mg/dL)! [27]. The same 520 nm wavelength was demonstrated for a colourimetric sensor
for uric acid and H,0, detection using mercaptosuccinic acid-modified copper nanoparticles (CuNPs). Uric acid or
H,0, causes mercaptosuccinic acid to cleave from CuNPs, triggering particle aggregation and transforming into
violet. With a handheld photometer, uric acid was measured across a 0.08 to 75.65 mg/dL range, highlighting its
potential for on-site diagnostics [2]. In other work, a study on the unreacted Ce4+ with methyl orange at 505 nm
has demonstrated a sensitivity of 4.2703 (mg/dL)! with a linearity of 0.8659, suitable for applications requiring
moderate precision and accuracy [28]. In the same visible spectrum region, 15 to 85 mg/dL uric acid concentration
in human urine has been experimentally demonstrated using a visible spectroscopy system at 460 nm wavelength
using NaOH as its reagent, achieving 96.62% accuracy at 90 seconds response time [29]. Although these
developed systems are effective, they rely on the reaction of reagents and enzymes that require a complex sample
preparation process and time [27]. Thus, reagentless spectroscopy offers a simple preparation process and
eliminates the need for chemical reaction time.

Uric acid detection using a reagentless spectroscopy system that works in the visible and NIR spectrum has
been analyzed for a low concentration range between 2 to 10 mg/dL with a linearity of 0.9820 and sensitivity of
0.0380 (mg/dL)-1, attributed to the relatively low molar attenuation coefficient in this spectral range [30]. In this
work, the wavelength optimization of the spectroscopy system for uric acid detection in the visible and NIR
spectrum has been conducted for a high concentration range between 10 to 200 mg/dL. As aforementioned, molar
absorptivity or attenuation coefficient, € dictates how efficiently a substance absorbs light at a specific wavelength
[31]. This study improves the system's linearity range by optimizing the light source wavelength, making it
suitable for applications involving broad concentration ranges in biological samples.

2. Experiment

2.1 Experimental setup

A schematic diagram of the experimental setup used to measure uric acid concentration is illustrated in Fig. 2. The
configuration includes a light source (Ocean Optics deuterium halogen (DH)-mini light source), cuvette holder,
spectrometer (Ocean Optics HR4000CGUV-VIS spectrometer), and a computer equipped with OceanView
software. For this experiment, the cuvette holder is designed to accommodate a plastic cuvette with a 10 mm
optical path, facilitating a linear trajectory for the light to pass through from the light source to the spectrometer.
The spectrometer subsequently captures the output spectrum from the cuvette, and data analysis is performed
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using OceanView software. The experimental apparatus was securely mounted on a vibration-free optical table to
minimise measurement error.

Spectrometer

||||| T

OceanView Software

Light source Cuvette

Fig. 2 Experimental setup

2.2 Sample Preparation

A 200 mg/dL uric acid stock solution was prepared and used to make a range of diluted solutions (10-200 mg/dL).
In this work, uric acid powder (299%, Sigma-Aldrich) was accurately weighed at 2.000 g, as shown in Fig. 3(a).
The powder was dissolved in 1 L of deionized water at a controlled room temperature of 25 °C. As depicted in Fig.
3(b), initial sedimentation of the powder at the bottom of the beaker was observed, indicating incomplete
dissolution. To ensure complete dissolution, a magnetic stirrer (Stuart UC152) was used, with the stir setting
adjusted to level 4, corresponding to approximately 500-600 rpm, for 3 minutes ina 1,000 mL beaker. A standard
25 mm PTFE-coated stir bar was employed during the stirring process. After 3 minutes of stirring, as depicted in
Fig. 3(c), no visible powder remained, confirming the homogeneity of the solution. Subsequently, working
standards of uric acid, ranging from 10 to 200 mg/dL, were prepared from the stock solution using 50 mL
containers. The necessary dilutions were calculated following equation (1) to obtain the desired concentrations
[32].

GV =GV, (1)

Where (1 is the pre-dilution solution concentration in mg/dL, V: is the pre-dilution solution volume (mL), Cz
is the post-dilution solution concentration in mg/dL, and V2 is the post-dilution solution volume (mL). These
samples were then transferred into a cuvette for measurement as shown in the experimental setup in Fig. 2. Table
1 presents the required volumes of stock solution and deionized (DI) water needed to prepare the samples.

(a) (b) (©

Fig. 3 Preparation of 200mg/dL uric acid stock solution by (a) weighing uric acid powder on a scale uric acid stock
solution; (b) before stir; and (c) after sti
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Table 1 Uric acid diluted concentration and its corresponding DI water addition

o o Addition of o
Pre-dilution  Pre-dilution DI water Post-dilution
concentration Volume Volume concentration
(mg/dL) (mL) mL) (mg/dL)
200 2.5 47.5 10
200 5.0 45.0 20
200 7.5 42.5 30
200 10.0 40.0 40
200 12.5 37.5 50
200 15.0 35.0 60
200 17.5 32.5 70
200 20.0 30.0 80
200 22.5 27.5 90
200 25.0 25.0 100
200 27.5 22.5 110
200 30.0 20.0 120
200 32.5 17.5 130
200 35.0 15.0 140
200 37.5 12.5 150
200 40.0 10.0 160
200 42.5 7.5 170
200 45.0 5.0 180
200 47.5 2.5 190
200 50.0 0.0 200

3. Results and Discussion

The absorbance of light by uric acid adheres to the Beer-Lambert law, which correlates light attenuation with the
sample’s properties, specifically transmittance, T and absorbance, A. T represents the ratio of light intensity
passing through the sample cuvette (with sample) to the reference cuvette (without sample). A and T are related
where A is the logarithm of the inverse of T, meaning a lower T value corresponds to a higher A value and vice
versa. These two variables are related to the uric acid sample concentration, c, path length, b and the molar
attenuation coefficient, € as in equation (2) [30], [33]. In this work, the system will be optimized for its operating
wavelength since the € is wavelength-dependent, thus the system will respond uniquely at the different operating
wavelengths.

1
A= logF = ehc (2)

Fig. 4 presents the output intensity spectrum of the sensor across a wavelength range of 400 to 1000 nm. The
output intensity is observed as varying uric acid concentrations from 10 to 200 mg/dL, corresponding to specific
absorption lines that indicate the presence of uric acid in the sample. The graph reveals that intensity decreases
linearly as the uric acid concentration increases, implying that greater concentrations lead to higher losses,
thereby reducing the system's output light intensity [34]. This result agrees with the Beer Lambert’s law [22].
Further analysis of the system absorbance spectra in Fig. 5 shows that absorbance increases linearly with uric
acid concentration, with minimal absorption variation within the 450 to 650 nm range. In general, the absorbance
value for all concentrations falls within an ideal range which is higher than 0.1. Beyond 650 nm wavelength,
particularly in the NIR region, absorbance begins to gradually increase.
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Fig. 4 Output intensity spectrum as a function of wavelength for different uric acid concentrations
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Fig. 5 Absorbance as a function of wavelength for different uric acid concentrations

Next, the system linearity, sensitivity, and accuracy performances are analyzed from the absorbance spectra
for every 5nm sample wavelength for uric acid concentration from 10 mg/dL to 200 mg/dL. The system linearity,
R? is obtained from the linear regression analysis of the absorbance curve for a different value of uric acid
concentration [34]. While the system sensitivity is calculated from the slope of the graph [34]. While for the
accuracy analysis, the calculation is carried out using equation (3) [29], [33].

Accuracy =1- | (Creal - Cmeasured)/ Creal | (3]

where Crea is the actual concentration of the synthetic uric acid and Cmeasured is the measured uric acid
concentration obtained from the graph. All of these performances for each sample wavelength are plotted in Fig.
6 for ease of analysis. Fig. 6(a) shows the system linearity as a function of wavelength. In general, the system
linearity is relatively low (R? ~ 0.85) for wide concentration uric acid at the light source operated less than 450nm
wavelength. Then, it starts to improve significantly between 500nm to 850 nm with the R? value higher than 0.93,
indicating a strong linear correlation. The highest linearity is observed at 950 nm wavelength with R = 0.9694. In
Fig. 6(b), the sensitivity performance shows that the system is highly sensitive at 435 nm wavelength with 0.006
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(mg/dL)™™ Then, the sensitivity performance dropped until 450 nm wavelength and started to increase and
stabilize around 0.003 (mg/dL)™* between 500 to 800 nm wavelength. Above 850nm wavelength, the sensitivity
starts to rise and reaches 0.004 (mg/dL)" at 965nm wavelength. The highest sensitivity is at 435 nm with 0.00684
(mg/dL)™" sensitivity. As for the system accuracy, the calculated accuracy value for each sampled wavelength is
plotted as in Fig. 6(c). Overall, the accuracy performance is higher than 95% for every sampled wavelength above
450nm with the highest accuracy achieved is 97.11% at 755nm wavelength. The system's linearity, sensitivity,
and accuracy are outlined in Table 2 for ease of reference.

Table 2 Summary of system performance (concentration from 10 to 200 mg/dL)

Performance Highest value Lowest value
Linearity 0.9694 (950 nm)  0.7728 (435 nm)
Accuracy 98.01% (909 nm) 89.22% (435 nm)

Sensitivity (mg/dL)* 0.00684 (435 nm) 0.00203 (580 nm)
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Fig. 6 Performance analysis (light source wavelength range from 435 nm to 965 nm) in terms of (a) linearity; (b)
sensitivity; and (c) accuracy

Repeatability performance was investigated by analyzing its coefficient of variation or also known as relative
standard deviation (RSD). It can be used to evaluate the performance of the sensor. The RSD is a value that is
calculated by dividing the standard deviation, ¢ by the mean, y value as given in equation (4) [35], [36].

g
RSD = x 100 4)

To further evaluate the precision of the measurements, analysis was conducted at a wavelength of 950 nm
across uric acid concentrations ranging from 10 to 200 mg/dL, as illustrated in Fig. 7. The relative standard
deviation (RSD) for each concentration was computed using Equation 4 and subsequently plotted. The results
indicate that the lowest RSD, 0.29%, occurred at 70 mg/dL, while the highest, 6.86%, was observed at 80 mg/dL.
Overall, the average RSD across all tested concentrations remained below 3.11%, suggesting high consistency in
the measurements. RSD, expressed as a percentage, provides insight into the precision of data by quantifying the
degree of dispersion relative to the mean. Lower RSD values reflect greater consistency, whereas higher values
denote increased variability in the dataset, aiding in the assessment of measurement reliability.
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Fig. 7 RSD performance (A=950 nm)

For further analysis, the findings of this study are compared with previous developments for both indirect
and direct methods of uric acid detection in terms of linearity range, linearity, sensitivity and accuracy
performances. These parameters are tabulated in Table 2. In general, indirect methods perform better than direct
methods in the sense of sensitivity and linearity. However, in terms of linearity range and accuracy, the
performances of the direct detection method are superior compared to the indirect methods. For comparison of

Penerbit
UTHM



Int. Journal of Integrated Engineering Vol. 17 No. 6 (2025) p. 258-267 265

this work with the reported direct methods, the development in [37] that operates in the visible spectrum (650
nm wavelength) records a lower linearity range, linearity and accuracy. In this work, the linearity range is
successfully enhanced, so the system can linearly detect the uric acid from 10 to 200 mg/dL. The enhancement is
attributed to the use of optimal light source wavelength in the system. Specifically, the lower value of the molar
attenuation coefficient in the wavelength offers a higher concentration range that can be detected by the
spectrophotometer [30].

Table 2 The comparison of the sensing performance of the proposed sensor with the previously developed sensor
(high concentration UA)

Mechanism Linearity range Sensitivity  Linearity Accuracy
Indirect detection
Colorimetric (CuNPs) (A =520nm) [2] 0.08 - 76 mg/dL 0.0064 (mg/dl):1 0.9939 98.92 (%)

Colorimetric (unstable chromophore)
(A =520nm) [27]

Spectroscopy (NaOH) (A =460nm) [29] 15-85mg/dL  0.0046 (mg/dl)-* 0.9815 96.62 (%)
Spectroscopy (Ce** with methyl orange)
(A =505nm) [28]

Direct detection

2-10mg/dL  0.0103 (mg/dl)1 0.9940 98.32 (%)

0.007 - 0.231 mg/dL4.2703 (mg/dl)* 0.8659 91.57 (%)

Intensity modulated displacement sensor
(A =650 nm) [37]
Spectroscopy (A =950 nm) [This work] 10-200 mg/dL  0.0034 (mg/dl)'1 0.9694 97.42 (%)

0-50mg/dL  0.0015V/ppm 0.9394 94.32 (%)

4. Conclusion

This study successfully demonstrated a wide range of uric acid detection within the visible and NIR spectrum
using a direct spectroscopy detection method. The system exhibits exceptional performance in terms of linearity,
sensitivity, and accuracy within the 750nm to 950nm wavelength range. Analysis of the experimental results
identified the optimal sensor performance at a wavelength of 950 nm, where the sensor achieved a wide linearity
range from 10 to 200 mg/dL, with a linearity of 0.9694, a sensitivity of 0.0034 (mg/dL)-1, and an accuracy of
97.42%. Compared to previous direct spectroscopy-based detection methods for a wide concentration range of
uric acid, the proposed system demonstrates an extended linearity range up to 200 mg/dL and slight
improvements in accuracy and sensitivity. Furthermore, the direct detection spectroscopy system operating in
this spectrum offers the advantage of a faster response time, as it eliminates the need for enzymes or reagents in
the detection process.
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