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 Urea levels in urine play an important parameter in diagnosing bodily conditions 
through liver and kidney examinations. The typical reagent for detecting urea 
content in urine is para-dimethylaminobenzaldehyde (pDMAB). However, it has 
a drawback related to the instability of color in the resulting Schiff base compound 
(pDMAB-urea). In this study, the synthesized vanillin compound derived from 
clove oil serves as the foundational material for a urea chemosensor based on the 
colorimetric concept. The synthesized vanillin was characterized using FTIR, GC-
MS, and 1H-NMR. The formulation of the vanillin compound as a sensor was 
conducted by assessing the suitable solvent, determining the optimal mass of 
vanillin, and evaluating the acid-base conditions of the sensor formulation 
system both qualitatively and quantitatively. Subsequently, the most effective 
formulation was selected for detecting urea in urine samples. The synthesis of 
vanillin yielded a purity level of 95%. The optimal formulation was obtained at an 
optimum mass of vanilla of 0.75 g in 50 mL of 96% ethanol and 10 mL of 10% 
NaOH. The color change in the sample was from colorless to greenish yellow (436 
nm). The vanillin obtained was applied to urine samples with the best results at a 
sample dilution level of 10,000×. 

 

1. Introduction 

Urea is the primary product of the protein 
metabolism process, excreted by both the kidneys and 
liver. It is distributed throughout various bodily fluids, 
such as blood and urine. In human urine, urea 
concentration typically falls between 275 to 409 mmol/L 
[1, 2]. Therefore, the diagnosis of human physical 
conditions generally involves analyzing the urea levels in 
urine. The characteristics of urine can be determined 
through its color, transparency, and odor. Since urine 
exhibits different levels of color, detecting urea often 
employs colorimetric techniques for medical diagnosis 
[3, 4, 5]. Colorimetry is an analytical method based on 
color changes to ascertain the concentration of 
substances in a sample [6, 7]. 

Various methods have been employed to examine the 
urea levels in urine samples, including chromatography 
and spectroscopy. However, these methods are costly and 
involve complicated procedures [8]. Recent technological 

progress has simplified urea analysis in urine, with one 
approach utilizing natural material sensors [9]. 
Colorimetric chemosensors can be created by 
incorporating urea-specific chemical reagents. Using 
colorimetric sensors for urine analysis is highly effective 
in measuring urea concentration [10, 11]. 

Conventional analysis of urea content in urine 
generally employs para-dimethylaminobenzaldehyde 
(pDMAB) reagent. However, the color formed from the 
urea-pDMAB compound is less stable when exposed to 
direct sunlight [12]. Apart from pDMAB, diacetyl 
monoxime has also been investigated as a potential urea 
sensor reagent, albeit producing a less intense color [10, 
13, 14]. Thus, there is a need for alternative reagents that 
can serve as the basis for urea sensors and generate more 
vivid colors. This study investigates the potential of 
vanillin compound, derived from clove oil synthesis, as a 
basic material for urea detection chemosensors. Vanillin 
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contains multiple chromophore groups capable of 
absorbing photons in the visible light spectrum [15]. 

Clove oil, extracted through the distillation of clove 
fruit—a prominent plantation commodity in Indonesia 
[16]—holds considerable commercial value due to its rich 
content of beneficial active compounds [17, 18, 19]. 
Among these, eugenol constitutes a significant portion, 
typically 80% to 90%, as a primary ingredient in vanillin 
synthesis [20, 21]. Despite the possibility of directly 
sourcing vanillin from the Vanilla planifolia plant, its 
limited availability in Indonesia leads to excessively high 
costs [22, 23]. In contrast, eugenol is the most 
cost- effective and environmentally friendly precursor 
for vanillin synthesis compared to alternatives such as 
ferulic acid [24] and guaiacol [25]. 

In the realm of urea detection, limited research has 
explored natural ingredients, with most studies focusing 
on biosensors [26, 27, 28]. Although biosensors are 
commonly employed for analyzing urea levels in food 
products, their application in urine urea detection 
remains underexplored. Biosensor production for urea 
analysis involves intricate procedures, prolonged 
material synthesis durations, and high-temperature 
requirements and is relatively less environmentally 
friendly. Conversely, employing vanillin as a base 
material offers the potential for detecting urea in urine 
through traditional synthesis methods known for their 
efficiency and cost-effectiveness. 

2. Experimental 

2.1. Equipment and Materials 

The equipment used in this research included 
glassware, pH meter, analytical balance, electric heater 
(Thermo Scientific), magnetic stirrer, centrifuge, 
sonicator (Shimadzu Sonicator 5.7L), Fourier transform 
infrared spectrometer (Shimadzu FT-IR 8201 PC), UV-Vis 
spectrophotometer (Orion Aquamate 8100), gas 
chromatography-mass spectrometry (GCMS-TQ8040 
NX) with specific analysis conditions (column oven 
temperature: 70°C; pressure: 30.0 kPa; column flow rate: 
0.65 mL/minute), rotary evaporator (Shimadzu Rotation 
Evaporator QR 2005-S), and 1H-NMR spectroscopy with a 
frequency of 500 Mhz (JNM ECA 500). 

The materials used in this research were clove oil 
obtained from Kranggan Market, double-distilled water, 
potassium hydroxide (KOH) (Sigma-Aldrich), 1 M sodium 
hydroxide (NaOH) solution (Sigma-Aldrich) and 10%, 
ethanol (C2H5OH) 96% (Merck), n-hexane (C6H14) 99% 
(Merck), hydrochloric acid solution (HCl) 25% and 1 M, 
diethyl ether ((C2H5)2O) (Merck), sulfuric acid (H2SO4) 
96-98% (Sigma-Aldrich), dichloromethane (CH2Cl2) 
(Merck), petroleum ether (C6H14) (Sigma-Aldrich), ethyl 
acetate solution (C4H8O2) (Merck), cetrimonium bromide 
solid (CTAB) (Merck), potassium permanganate solid 
(KMnO4) (Merck), urea solid (CO(NH2)2) (Merck), para-
dimethylaminobenzaldehyde solid (pDMAB) (HIMEDIA) 
and anhydrous sodium sulfate solid (Na2SO4.5H2O) 
(Merck). 

2.2. Isolation of Eugenol from Clove Oil 

Referring to research conducted by Widayat et al. 
[29], 8 g of NaOH was dissolved in 60 mL of distilled 
water. The solution was added with 20 g of clove oil. The 
mixture was then stirred until homogeneous and 
extracted. The upper layer was added with 1.6 g of NaOH 
dissolved in 16 mL of distilled water. The formed water 
layer was extracted with 10 mL of petroleum ether twice. 
The water phase was then acidified with 25% HCl solution 
to pH 3. Extraction with 10 mL of petroleum was done 
twice, and then the organic phase was washed twice with 
10 mL of distilled water. The organic phase was dried with 
anhydrous Na2SO4 crystals, and the remaining solvent 
was evaporated. The isolation results were then analyzed 
using FTIR and GC-MS. 

2.3. Eugenol Isomerization 

According to the research conducted by Utomo and 
Setiati [30], 2 g of KOH was dissolved in 25 mL ethanol 
and thoroughly mixed in a three-neck flask. 
Subsequently, 5 mL of eugenol, with a eugenol-to-
solvent ratio of 1:5, was added to the solution. The 
mixture was refluxed at 50-60°C for 4 hours. After 
cooling, the reflux results were neutralized by adding 1 M 
HCl. Then, the mixture was added with 50 mL of double-
distilled water and extracted with diethyl ether. The 
isomerization results were then analyzed using FTIR. 

2.4. Synthesis of Vanillin from Isoeugenol 

The mixture containing 2.7 mL isoeugenol, 100 mL 
double-distilled water, 15 mL sulfuric acid (50%), 0.5 g 
CTAB, and 100 mL dichloromethane was stirred at room 
temperature [30]. Then, the mixture was oxidized using 
9.8 g of KMnO4 while maintaining the temperature below 
30°C. The mixture was heated over a water bath until the 
color changed from blackish purple to colorless. After the 
mixture was allowed to cool, the precipitated MnO2 was 
filtered. Residual solvent-containing products 
underwent extraction with dichloromethane. All organic 
layers that had been separated were then combined and 
washed with distilled water. Any remaining solvent was 
removed by drying with Na2SO4. The results were 
analyzed using FTIR, GC-MS, and 1H-NMR. 

2.5. Study of the Potential of Vanillin Compounds as 
Urea Sensors in Urine 

2.5.1. Determination of Compatible Solvents 

A 0.5 g of the synthesized vanillin was dissolved in 
different solvents, including distilled water, 96% 
ethanol, and 99% n-hexane. Subsequently, the solutions 
were centrifuged for 10 minutes. The filtrate was then 
observed for color changes, and the absorbance was 
measured using a UV-Vis spectrophotometer. 

2.5.2. Determination of the Optimum Mass of Vanillin 

The synthesized vanillin was prepared by varying 
mass variations (0.15, 0.25, 0.50, 0.75, and 1 g) and then 
dissolved in 50 mL of 96% ethanol. Each mass variation 
was replicated twice and mixed with 10 mL of 10% NaOH 
or 1 M. Subsequently, 20 mL of each formulation was 
mixed with 10 mL of 0.1 M standard urea solution and 
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centrifuged for 10 minutes. The absorbance of the filtrate 
was then measured using a UV-Vis spectrophotometer. 

2.5.3. Determination of the Optimum Mass of pDMAB 
as a Comparator 

Para-dimethylaminobenzaldehyde (pDMAB) solid 
was prepared by varying mass variations (0.15, 0.25, 0.50, 
0.75, and 1 g) and dissolved in 50 mL of 96% ethanol. 
Then, 10 mL of 1 M HCl was added to each variation. 
Subsequently, 20 mL of the formulation was mixed with 
10 mL of 0.1 M standard urea solution and centrifuged for 
10 minutes. The absorbance of the filtrate was then 
measured using a UV-Vis spectrophotometer. 

2.5.4. Acidic and Alkaline Conditions 

The optimum mass of vanillin was dissolved in 50 mL 
of ethanol, followed by the addition of the optimum 
concentration of NaOH. Subsequently, 20 mL of the 
mixture was mixed with 10 mL of 0.1 M standard urea 
solution. This procedure was made into three variations: 
an acidic condition with the addition of 1 M HCl, a neutral 
condition with distilled water, and a basic condition with 
the addition of 1 M NaOH. Afterward, the absorbance was 
measured using a UV spectrophotometer, and visual 
observation was conducted to note any color changes in 
the samples. 

2.6. Application of Vanillin Compound as a Urea Sensor 
in Urine 

The 20 mL of the optimum formulation of the 
vanillin sensor was mixed with 10 mL of urine sample, 
which was diluted at varying levels of 100, 1000, and 
10,000×. Each mixture was centrifuged for 10 minutes. 
The absorbance of the filtrate was then measured using a 
UV-Vis spectrophotometer, and any alterations in color 
within the urine sample were observed. 

 

Figure 1. Saponification reaction mechanism of NaOH 
and eugenol in clove oil 

3. Results and Discussion 

3.1. Study of the Synthesis of Vanillin from Clove Oil 

The process of synthesizing vanillin from clove oil 
involved three primary stages: the extraction of eugenol 
from clove oil, the isomerization of eugenol into 
isoeugenol, and the oxidation of isoeugenol into vanillin. 
The extraction of eugenol from clove oil occurred through 
a saponification reaction with NaOH. This reaction 
involved the combination of eugenol in clove oil with 
NaOH in an aqueous solvent, forming a water layer and 
Na-eugenolate, as illustrated in Figure 1. The yield of 
isolated eugenol from clove oil using this method was 
65%. 

The extracted eugenol from clove oil is the main 
precursor in the synthesis of vanillin. The synthesis 
process begins with an isomerization reaction, wherein 
eugenol transforms into isoeugenol via a prototropic 
rearrangement mechanism facilitated by forming free 
radicals. The sigmatropic rearrangement involves the 
shift or transfer of hydrogen [1, 8] within the molecule 
facilitated by interfacial processes. In contrast to light 
irradiation (photochemical), an electron in the HOMO 
(Highest Occupied Molecule Orbital) position does not 
experience excitation due to an increase in temperature 
(thermally induced). 

The free radical reaction can be divided into two 
stages (Figure 2): withdrawal (abstraction) and 
re- insertion of protons. Initially, proton withdrawal 
occurs at the terminal alkene carbon atom (in this 
instance, benzyl) facilitated by KOH, forming a carbanion 
and releasing HB (proton complex with base). This stage 
is followed by the formation of a stable carbanion 
resonance structure. The second stage is the 
reintroduction of protons (H+) into stable carbanions by 
HB. Meanwhile, this stage is followed by the formation of 
alkenes that are not in the terminal position [31]. 

 

Figure 2. Free radical reaction mechanism of sigmatropic 
rearrangement [1, 3] 

Table 1. Composition of compounds in isolated eugenol 

Compound name Retention time (minute) Height Area% 

Alpha-pinene 6.597 422469 11.99 

Ocimene 9.011 381219 0.30 

Eugenol 20.609 22637424 81.69 

Copaene 21.033 149842 0.15 
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Figure 3. Mechanism of eugenol oxidation to vanillin in 
an acidic condition facilitated by the MnO4

− oxidizer 

The synthesis of vanillin from the oxidation of 
isoeugenol, facilitated by a CTAB base transfer catalyst, 
occurs under acidic conditions. In this process, the 
oxidation reaction takes place with the MnO4

− anion, 
wherein a pair of K+ ions are captured by the organic phase 
while K+ is taken up by the base transfer catalyst. This 
mechanism leads to the oxidation of isoeugenol by MnO4

−. 
Any olefin undergoing oxidation transforms into an 
aldehyde group, which can subsequently undergo further 
oxidation to yield a carboxylic acid [31]. The oxidation 
reaction equation is shown in Figure 3. Based on the 
synthesis, a vanillin yield of 60% was achieved. 

3.2. Analysis of Compound Content in Isolation and 
Synthesis Results 

The purity of both the isolated and synthesized 
products is evident through GC-MS analysis, as indicated 
by the percentage area of the chromatogram. 
Additionally, distinct retention times and molecular 
masses are observed in each chromatogram, facilitating 
the identification of the compounds in the products. 
Specifically, Table 1 shows the composition of compounds 
isolated from eugenol. Four prominent peaks are 
discernible in the chromatogram of isolated eugenol from 
clove oil, as depicted in Figure 4. Notably, the eugenol 
compound exhibits the highest peak, with a retention 
time of 20.61 minutes and a molecular weight of 
164 g/mol, indicating its dominance among other 
compound components in the sample. 

 

Figure 4. Chromatogram of compounds isolated from 
eugenol 

 

Figure 5. Chromatogram of clove oil 

The extraction of eugenol from clove oil aligns with 
previous studies, indicating that clove oil typically 
comprises 80-85% eugenol [20, 21]. These findings 
corroborate with the chromatographic analysis of clove 
oil. Notably, the peak exhibiting the highest percentage 
area or purity is 78% (Figure 5). In the chromatogram of 
the synthesis of vanillin from isoeugenol, a prominent 
peak is observed, exhibiting a molecular mass of 
151 g/mol, indicative of a high-purity vanillin compound. 
This is evident from the area percent value, which notably 
reaches 95%. Furthermore, the chromatogram depicted 
in Figure 6 reveals the presence of eugenol compounds, 
albeit in reduced quantities (2%) compared to the 
previous process, primarily due to its conversion to 
vanillin. 

3.3. Functional Group Analysis of Isolation, 
Isomerization and Synthesis Results 

Functional group analysis was conducted to verify 
whether the structure of the compound obtained from 
isolation, isomerization, and synthesis aligns with the 
predominant compound identified through GC-MS 
analysis and reaction mechanisms. Validation using FTIR 
spectroscopy was employed to ascertain the compound’s 
structure by detecting characteristic functional groups 
present in eugenol, isoeugenol, and vanillin. 

 

Figure 6. Chromatogram of the sample resulting from 
the synthesis of vanillin from isoeugenol 

Table 2. Chemical shift and multiplicity of vanillin samples 

Position Chemical shift (ppm) [multiplicity] 
Chemical shift (ppm) [multiplicity] 

[32] 

1’-CHO 9.545 [singlet] 9.80 [singlet] 

3’-OCH3 3.792 [singlet] 3.95 [singlet] 

5 6.907 [duplet] 7.02 [duplet] 

6 7.378 [duplet] 7.40 [duplet] 
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Table 3. Structural energy resulting from geometric 
optimization of vanillin, pDMAB, and urea compounds 

Compound name 
Structural energy 

(kJ.mol-1) 
ΔE 

(kJ.mol-1) 

Vanillin 154.498 
46.119 

Vanillin-Urea (VU) 108.379 

pDMAB 160.982 
6.384 

pDMAB-Urea (pU) 154.598 

Figure 7 shows the characteristic absorptions of 
eugenol, isoeugenol, and vanillin. Specifically, 
absorptions at 1265, 1512, and 1651 cm-1 are observed in 
the vanillin spectrum, corresponding to trisubstituted 
benzene compounds in all three samples. Furthermore, in 
the IR spectrum of eugenol, an absorption at 3510 cm-1 
signifies the presence of the Ar-OH group, while an 
absorption at 1650 cm-1 indicates the stretching of the 
alkene C=C group [30]. Meanwhile, in the IR spectrum of 
isoeugenol, the alkene absorption shifts to 1034 cm-1, 
indicating a positional shift of the alkene double bond 
from the CH=CH2 to the CH=CH position. 

Additionally, there is a decrease in absorbance in the 
region around 1400 cm-1, characteristic of methylene 
groups, and at 910 cm-1, indicative of terminal C=C bonds. 
Moreover, the spectra of eugenol and isoeugenol in the 
range of 1500-1700 cm-1 exhibit differences in shape. 
Specifically, the peaks in the eugenol spectrum appear 
widely spaced, whereas those in the isoeugenol spectrum 
appear denser. This alteration is attributed to the 
transition of the terminal alkene group in eugenol to a 
substituted form in isoeugenol, indicating successful 
isomerization [33]. In the IR spectrum of vanillin, an 
absorption peak at 1651 cm-1 is observed, along with peaks 
at 2747 and 2862 cm-1, indicating the presence of 
carbonyl groups (C=O) in the form of an aldehyde in the 
structure. These findings confirmed the successful 
synthesis of vanillin through the oxidation reaction of 
isoeugenol [30]. 

 

Figure 7. FTIR spectra of eugenol, isoeugenol, and 
vanillin 

Table 4. Concentration of vanillin in various types of 
solvents 

Solvent 
Maximum 

wavelength (nm) 
Concentration 

(ppm) 

Double-
distilled water 348 107 

Ethanol 348 112 

n-Hexane 310 47 

3.4. Analysis of the Structure of Synthesized Vanillin 

The synthesized vanillin was analyzed using 1H-NMR 
to determine the structure by identifying the position of 
the proton. Based on the NMR spectrum with heavy water 
(D2O) solvent in Figure 8, a chemical shift of 9.545 ppm 
with singlet multiplicity appears. Table 2 reveals the 
chemical shifts of the protons in the aldehyde group 
attached to the benzene ring. The shift of 3.792 ppm with 
singlet multiplicity shows the presence of protons in the 
methoxy group of the methyl part (-OCH3). Additionally, 
two other chemical shift values (6.907 and 7.378 ppm) are 
observed with duplet multiplicity, indicating the presence 
of protons in aromatic compounds (benzene). These 
findings were subsequently compared with NMR spectra 
analyses obtained from previous research [32]. Through 
the deduction method and comparison with existing 
literature, it was concluded that the structure of the 
compound obtained corresponds to vanillin. 

3.5. Geometry Optimization of Vanillin-Urea 
Compound Structure 

Molecular mechanics techniques were employed to 
optimize the geometries of vanillin, pDMAB, 
vanillin- urea, and pDMAB-urea structures. Geometric 
optimization is conducted to evaluate the energy of each 
molecule’s structure. This structural energy indicates the 
stability of the compound formed. Lower energy levels 
signify greater stability, ensuring sustained color 
changes throughout the analysis. Structural energy 
computations utilized Avogadro software, employing 
MMF94 and UFF force fields tailored to organic molecules 
like vanillin, pDMAB, and urea. The energy calculations 
for each structure are detailed in Table 3, while molecular 
visualization outcomes for several of these compounds 
are depicted in Figure 9. 

 

Figure 8. NMR spectrum of vanillin synthesized from 
isoeugenol 
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Figure 9. Optimized geometries of (a) vanillin, 
(b) vanillin-urea, (c) pDMAB, and (d) pDMAB-urea 

 

Figure 10. Formation reaction of vanillin-urea and 
pDMAB-urea compounds 

The structural energy of the pDMAB molecule is 
greater than that of the vanillin molecule. This difference 
in energy value shows a substantial disparity in the 
charge distribution between the two molecules. Notably, 
the tertiary amine group (R3N) in pDMAB tends to have a 
positive charge because it is an electron donor to the 
benzene ring, resulting in a fairly large charge difference 
in its structure. 

Meanwhile, the structural energy of the VU 
compound is lower than that of pU when reacting with 
urea, indicating a higher degree of stability in the VU 
structure than pU. This statement is also supported by the 
ΔE data, where the energy difference for the VU 
compound is greater than that of pU. These findings 
indicate that the energy released in forming VU surpasses 
that of the formation of the pU compound. The process of 
formation of vanillin-urea and pDMAB-urea compounds 
is shown in Figure 10. The enhanced stability of VU 
compounds can be attributed to the presence of more 
pronounced resonance effects, particularly under alkaline 
conditions, compared to pU compounds. The resonance 
characteristics of the VU compound are depicted in 
Figure 11. 

 

Figure 11. Resonance of vanillin-urea compounds 

 

Figure 12. Vanillin in (a) double-distilled water, 
(b) ethanol, and (c) n-hexane 

The conjugated system possesses the capability to 
absorb the visible light spectrum, thereby giving rise to 
colors perceivable by the human eye. Enhanced stability 
within the conjugated system facilitates a more efficient 
light spectrum absorption, leading to more vibrant colors. 
This correlation occurs due to the presence of a larger 
electron delocalization cloud, enabling stronger 
interactions with photons [34]. Conversely, diminished 
stability within the compound results in a reduction of 
electron delocalization clouds, thereby weakening the 
interaction with photons and consequently yielding less 
intense colors. 

3.6. Vanillin-based Urea Sensor Formulation 

3.6.1. Determination of Compatible Solvents 

Solvents are substances capable of dispersing 
vanillin solids when employed in a urea sensor 
application. The findings revealed that vanillin exhibited 
high solubility in 96% ethanol compared to 99% distilled 
water or n-hexane. This is because vanillin is a semipolar 
compound that is compatible with ethanol. The presence 
of hydroxyl, ether, and aldehyde groups renders vanillin 
polar. However, benzene as the main structure prevents 
its solubility in polar solvents like water. 

Analysis was conducted to ascertain the 
concentration of vanillin dissolved in the three solvents 
using a UV-Vis spectrophotometer. Absorbance data was 
converted into concentrations using calibration curves 
specifically developed for each solvent type. The results of 
concentration calculations are shown in Table 4, while 
the qualitative analysis results are illustrated in Figure 12. 
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Table 5. One-way ANOVA statistical test results 

Group Amount of data Sum Average Variance Variation SS df M.S 

pDMAB 5 3.972 0.794 0.00364 
Mark between 

groups 0.0645 2 0.03225 

Vanillin (NaOH 
10%) 5 4.775 0.955 0.00034 Mark in the group 0.0428 12 0.00356 

Vanillin (NaOH 
1 M) 5 4.360 0.872 0.00671 Total 0.1073 14 - 

 

Figure 13. Acid-base conditions of urea sensor 
formulation based on vanillin compound 

 

Figure 14. Optimum mass of vanillin with NaOH 
concentration of (a) 10% and (b) 1 M 

3.6.2. Determination of Optimum Conditions in Acids 
and Bases 

The formulation of the vanillin compound-based 
urea sensor is additionally affected by the pH levels of the 
solution. The study findings concerning the effects of 
acidic, neutral, and alkaline conditions on urea sensor 
formulations are depicted in the diagram presented in 
Figure 13. Alkaline conditions exhibit higher absorbance 
levels at a wavelength of 448 nm. This specific 
wavelength (λ) falls within the visible light spectrum, 
thereby inducing pronounced color changes. 

Under acidic and neutral conditions, the highest 
absorbance is observed at wavelengths of 372 and 362 nm, 
respectively. These wavelengths fall outside the visible 
light spectrum (400-700 nm), resulting in no observable 
color change in the solution. Consequently, it can be 
deduced that an alkaline environment represents the 
optimal condition for formulating urea sensors. It 
facilitates maximum absorption at visible light 
wavelengths, particularly within the yellow 
complementary color range (380-450 nm). This 
phenomenon is attributed to a deprotonation reaction 
within the VU structure, leading to a resonance effect that 
stabilizes the structural state by intensifying electron 
cloud delocalization during photon interactions. 
Conversely, under acidic and neutral conditions, the 
delocalization system is hindered due to the absence of 
deprotonation reactions within the VU structure. 

3.6.3. Determination of the Optimum Mass of Vanillin 

The optimum mass of vanillin must be ascertained 
for formulating a urea sensor. The observed color 
transition is from colorless to yellow. The brightness level 
is discerned through the absorbance value and 
wavelength shift (λ), measured using a UV-Vis 
spectrophotometer. The base concentration utilized in 
the formulation also influences this process. The graph 
depicting the correlation between the mass of vanillin (in 
grams) and the corresponding absorbance is presented in 
Figure 14. The shift to yellow is induced by the VU 
compound absorbing its complementary color, purple, 
within the wavelength range of approximately 380-450 
nm. 

In Figure 14(a), employing a vanillin mass of 0.75 g 
yields the highest absorbance recorded at 0.986, observed 
at a wavelength of 436 nm. Conversely, in Figure 14(b), 
the utilization of 1 g of vanillin results in the highest 
absorbance, measured at 0.937, occurring at a wavelength 
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of 458 nm.Based on these data, it can be concluded that 
10% NaOH is the best base concentration because it can 
reduce the amount of vanillin mass used and provide 
optimum absorbance in the purple wavelength range. 
Excessively high base solution concentrations may 
distort the VU structure, leading to instability in its 
interaction with photons, thereby diminishing the 
intensity of the reflected color. 

3.6.4. Determination of the Optimum Mass of pDMAB 
as a Comparator 

The pDMAB compound serves as a commonly 
utilized reagent for urine urea analysis. Hence, it is a 
suitable alternative compared to the vanillin-based urea 
sensor currently under development. The results 
depicting the determination of the optimal mass of 
pDMAB for detecting urea presence in urine are presented 
in Figure 15. The graph demonstrates that the optimum 
mass of pDMAB is 1 g, exhibiting an absorbance of 0.896 
at a wavelength (λ) of 410 nm. Notably, when using 1 g of 
pDMAB, the resultant color change displayed the highest 
intensity compared to other masses tested. 

The pDMAB and vanillin compounds share a 
common mechanism for urine detection. This 
mechanism relies on a condensation reaction to generate 
Schiff base compounds. The resulting reaction product 
induces a color change due to the presence of a 
chromophore group, specifically in the form of a C=N 
bond within its structure. The process of forming Schiff 
base compounds through the reaction between vanillin or 
pDMAB and urea is illustrated in Figure 16. 

When comparing the two compounds, it is observed 
that pDMAB requires a greater mass to induce a color 
change within the visible light range compared to 
vanillin. Specifically, a mass of 1 g of pDMAB yields an 
optimal absorbance of 0.896 at a wavelength of 410 nm. 
In contrast, considering the variations in vanillin mass as 
depicted in the previous section (Figure 14), it is noted 
that 0.75 g of vanillin generates an optimal absorbance of 
0.986 at a wavelength of 436 nm. This indicates that 
vanillin is more efficient in detecting urea in urine than 
pDMAB. 

3.7. Statistical Test of the Effect of Sensor Reagent 
Type on Color Absorbance 

Statistical analysis of the sensor reagent type was 
conducted to evaluate the impact on the color absorbance 
variations observed in urine samples. The analysis 
protocol entails identifying control, independent, and 
dependent variables. In this study, the control variable is 
the maximum wavelength (nm), while the independent 
variables encompass the type of sensor reagent and 
system conditions. The dependent variable is the 
maximum absorbance (au). The statistical analysis 
method was one-way ANOVA, supplemented by a 
Bonferroni-corrected α post-hoc test. The results of the 
one-way ANOVA statistical test for the pDMAB, vanillin 
(10% NaOH), and vanillin (1 M NaOH) sensor 
formulations are presented in Table 5. 

 

Figure 15. Optimum mass of pDMAB in detecting urea in 
urine 

 

Figure 16. The condensation reaction between 
(a) vanillin and urea and (b) pDMAB with urea 

Table 6. Bonferroni-correction post-hoc test results 

Group P-value (T- test) Alpha value (α) Significant 

pDMAB vs. Vanillin (NaOH 10%) 0.00045835 

0.016667 

Yes 

Vanillin (NaOH 10%) vs. 
Vanillin (NaOH 1 M) 0.05793943 No 

Vanillin (NaOH 1 M) 
Vs. pDMAB 

0.12649899 No 
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Table 7. Average absorbance value for each urea sensor reagent 

Group Mean ± SD 

pDMAB (410 nm) 0.794 ± 0.06 

Vanillin + NaOH 10% (436 nm) 0.955 ± 0.02 

Vanillin + NaOH 1 M (458 nm) 0.872 ± 0.08 

 

Figure 17. Variations in the dilution rate of urine samples 

 

Figure 18. Visualization of color changes in the vanillin 
sensor during triplicate urea detection in urine samples 

Based on the data in Table 5, the P-value obtained is 
0.00401, which is smaller than the significance value (α) 
of 0.05 for the one-way ANOVA test. This indicates that 
the sensor reagent parameter type significantly 
influences the urine sample’s color absorbance. Further 
investigation into the differences between groups can be 
conducted using the Bonferroni-correction post-hoc test 
method. The outcomes of the post-hoc statistical tests 
are presented in Table 6. Additionally, the comparison of 
sensor quality in detecting urea can be assessed through 
descriptive statistics, specifically by calculating the mean 
value ± standard deviation (SD). The calculation results of 
the average absorbance for each group are displayed in 
Table 7. 

Based on the data in Table 6, a statistically significant 
difference is observed between the absorbance produced 
by pDMAB and vanillin (NaOH 10%). This difference in 
absorbance is evident from the considerably disparate 
average absorbance values of the two groups. 
Furthermore, according to the data in Table 7, the average 
absorbance value in the pDMAB system is lower than the 

vanillin + 10% NaOH system. This indicates that the 
vanillin + 10% NaOH system is capable of generating a 
more intense color than the pDMAB system. 

3.8. Application of Vanillin Sensor Formulation to 
Urine Samples 

Applying vanillin formulations to urine samples 
involved varying the level of sample dilution. This was 
done to determine the detection limit of urea 
concentration achievable by the vanillin sensor 
formulation. According to the data in Figure 17, it was 
observed that the 10,000× dilution level exhibited 
brighter colors than other variations. This variation 
demonstrated an optimal absorbance of 0.974 ± 0.02 
(triplicate) at a wavelength of 462 nm. These findings 
suggest that the detection limit for urea in urine using the 
new vanillin formulation can be achieved at a sample 
dilution level of 10,000×. The color change induced by the 
vanillin sensor for detecting urea in the urine sample is 
illustrated in Figure 18. Additionally, observations of this 
color change have been conducted for 2 weeks following 
the addition of the vanillin sensor to the urine sample. 

4. Conclusion 

The vanillin compound was successfully synthesized 
from clove oil precursor with a purity of 95%. This 
synthesized vanillin was capable of reacting with urea to 
form a Schiff base compound, specifically vanillin-urea, 
through a condensation reaction. The resulting 
compound exhibited a greenish-yellow color at a 
wavelength of 436 nm. It has been demonstrated that this 
structure was notably more stable than pDMAB-urea, as 
evidenced by its structural energy value of 108.379 kJ/mol. 
Moreover, the optimal vanillin sensor formulation was 
determined to be 0.75 g of vanillin dissolved in 50 mL of 
96% ethanol, added with 10 mL of 10% NaOH. During the 
application stage, it was found that the urine sample 
needed to be prepared with a dilution level of 10,000× to 
induce a significant color change. This change was more 
visibly pronounced when utilizing the vanillin sensor 
formulation. 
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