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by 2045. Microfluidic paper-based analytical devices (uUPADs) are
paper-based analytical tools that use hydrophilic paper for measurement
and hydrophobic barriers to control fluid flow. This research aims to
develop a non-enzymatic method for detecting glucose and ketones in
artificial urine using S2Z-yPADs. The fabrication of S2Z-uPADs involves
printing the design on Whatman No. 1 paper using wax printing and
applying silver nanopatrticles for glucose detection and the Schiff base
reaction for ketone detection. The results show that the optimum
condition for glucose detection is achieved with an agnos concentration
of 500 mM. A NaOH concentration of 10 M. Acetoacetate detection is
optimized with a glycine concentration of 1 M, sodium nitroprusside
concentration of 15%, NaOH concentration of 1 M, a drying time of 8
minutes, and a reaction time of 10 minutes. Validation results
demonstrate good linearity for glucose (R2 = 0.9821) and ketones (R2 =
0.995). High precision was achieved with relative standard deviation
(RSD) values of 3.792% for glucose and 1.482% for ketones. The
obtained limits of detection (LOD) and limits of quantification (LOQ)
indicate that the developed S2Z-uPADs can differentiate between each
category of diabetes. The accuracy of glucose and ketone detection
ranges from 87.463% to 97.374%. The high accuracy of the yPADs
highlights their potential for reliable diabetes management and effective
disease monitoring.
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INTRODUCTION

Diabetes, a chronic disease driven by

management strategies [1], [2]. Diabetes

mellitus, characterized by high blood sugar

an unbalanced diet and unhealthy lifestyle,
affects millions worldwide. The International
Diabetes Federation (IDF) estimates that 537
million adults aged 20-70 will have diabetes
in 2021, with projections of 643 million by
2030 and 783 million by 2045. In Indonesia,
the prevalence is expected to rise from 19.5
million in 2021 to 28.6 million by 2045,

highlighting the need for effective

198

and disrupted metabolism due to insulin
deficiency, leads to fatigue, weight loss, and
increased cardiovascular risk. These
complications underscore the need for
efficient detection methods. Disrupted protein
metabolism causes muscle wasting and
weakness, further impairing bodily functions.
Uncontrolled blood glucose levels can lead to

serious complications, emphasizing the
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necessity for early detection and more
effective detection techniques [3]-[7]. Excess
glucose in the blood is filtered by the kidneys
and excreted in the urine, a condition known
as glycosuria. Diabetes can be diagnosed
when the glucose level in the urine reaches
50-100 mg/dL [8], [9]. This condition is often
worsened by impaired kidney function [10].
Furthermore, when blood sugar levels in
diabetes patients are uncontrolled, the body
resorts to fat metabolism for energy,
producing  ketones. This leads to

ketoacidosis, signaling uncontrolled
diabetes. Detecting ketones is thus crucial for
managing the disease effectively [11], [12]. If
there is an excess of ketones, they are
transported through the blood to the kidney
filtration units and excreted in the urine. The
ketones derived from fatty acids by the liver
are acetoacetic acid, B-hydroxybutyric acid,
and acetone [13], [14].

Glucose levels in urine are useful for
the initial screening of advanced diabetes or
glycosuria, indicating uncontrolled diabetes
[15], [16]. Additionally, ketones can also be
used for initial screening in diabetes patients.
Their presence in urine, known as ketonuria,
indicates ketosis due to carbohydrate
deficiency and abnormal glucose metabolism
[17]. Hyperglycemia, characterized by
persistently high blood sugar levels, is
defined by the American Diabetes
Association as having blood glucose levels
between 100-126 mg/dL (5.6—7 mmol/L),
while hyperketonemia occurs when ketone
levels in the body are between 6-7.5 mM [18],
[19].

Silver nanoparticles (AgNPs) are

widely used in glucose detection due to their

simple and eco-friendly synthesis. These
nanoparticles have various applications,
including detection, catalysis, surface
modification, and antibacterial action [20],
[21]. AgNPs are created directly on cellulose
fibers using silver nitrate, which is then
reduced to form the nanoparticles. This
process is sped up by reducing agents like
NaBH4, hydrazine, ethylene glycol [22], or
glucose with NaOH [23]. Starch is used to
stabilize the nanoparticles, helping to control
their size and prevent them from clumping
together [24], [25], [26], [27], [28], [29].
Ketone detection in urine for diagnosing
diabetes mellitus can be performed using
HPADs. This detection method relies on the
Schiff base reaction, which forms Schiff
bases through the reaction of a primary
amine with an aldehyde or ketone carbonyl
group. Glycine is used in this reaction for
MPADs due to its simplicity, reactivity, and
solubility. The Schiff base, containing an
imine group, is crucial for creating the
magenta complex with sodium nitroprusside
[30].

MPADs are paper-based analytical
devices first introduced by Whitesides and
colleagues in 2007 for detecting proteins and
glucose in urine [31], [32], [33]. These
devices feature microfluidic patterns and are
known for their simplicity, low cost, and ease
of use, making them accessible to the
general public without requiring specialized
skills [34]. Additionally, pPADs are point-of-
care testing (POCT) diagnostic devices that
comply with the WHO's ASSURED criteria:
Affordable, Sensitive, Specific, User-friendly,
Rapid and robust, Equipment-free, and

Deliverable. A common method used in
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glucose detection with pPADs is colorimetry,
which involves adding a reagent to the
sample, causing a color change that can be
analyzed using digital image colorimetry [35].
The colorimetry method has limitations due to
ambient light conditions that can affect color
intensity. To address these limitations, this
study employs a distance-based analysis
method.

The present study aims to develop a
Distance-Based Single Sample Zone
Microfluidic Paper-Based Analytical Device
(S2Z-yPADs) for detecting glucose and
ketones in the urine. The primary principle
involves detecting ketones using sodium
nitroprusside, which changes color from
brown to purple when reacting with
acetoacetic acid, and detecting glucose using
silver nitrate, which changes color from clear
to brown when reacting with glucose,
employing in-situ synthesis for glucose
detection.

METHODS
1. Material and Equipment

Whatman No. 1 chromatography
paper (GE Healthcare Lifescience, UK),
wax/solid ink Xerox ColorQube 850DN,
anhydrous D-(+)-glucose (Merck), AgNOs,
NaOH were purchased for Emsure, starch
(starch-soluble) (Sigma-Aldrich), glycine (=
99,7%) (Merck),
(99,0%) (Loba Chemie), ethyl acetoacetate,

sodium  nitroprusside
acetone (99,8%) were purchased for Sigma-
Aldrich, and distilled water. Additionally, the
following materials were used for artificial
urine preparation: citric acid monohydrate
(CeHs0O7.H20) (Emsure); sodium bicarbonate

(NaHCOs3) (99,5 - 100,5%), uric acid
(CsHaN4O3) (= 99%), sodium chloride (NaCl),
sodium sulfate decahydrate (Na:2S0a4) (2
99,0%), dipotassium hydrogen phosphate
(K2HPO4) (= 99,0%), potassium dihydrogen
phosphate (KH2PO4) (2 99,0%), ammonium
chloride (NH4Cl) (= 99,5%), lactic acid
(C3Hs03) (= 98%), calcium chloride dihydrate
(CaClz) (= 99,0%), magnesium sulfate
heptahydrate (MgSOa4) (= 99%), and urea
(CONzH4) were purchased for Sigma-Aldrich.

ColorQube 850DN Solid Ink Color
printer was employed to print out S2Z-
MPADs. The oven is used to heat the paper,
allowing the wax to penetrate the paper's
thickness. Software CoreIDRAW Graphics
Suite X7 was employed to design the S2Z-
MPADs. Imaged was used to measure the
slope. Photo box with LED lights provides
stable lighting for photographing S2Z-uPADs,

mobile camera 12 MP, and glassware.

2. Preparation of S2Z-uPADs

The S2Z-uPADs are fabricated using wax
CorelDRAW

Graphics Suite X7, the designs are printed on

printing.  Designed  with
Whatman No. 1 paper using a Xerox
ColorQube 850DN printer, as shown in
Figure 1. After printing, the paper is heated
in an oven at 120°C for 3 minutes to allow the
wax to penetrate the paper fully [36]. The
paper is then cut according to the design
using a paper trimmer or scissors. The back
of the S2Z-yPADs is coated with tape. The
completed S2Z-uPADs can be stored in a dry
cabinet or storage container to maintain

humidity.
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Figure 1. Design and fabrication of S2Z-uPADs
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Figure 2. Slope analysis of S2Z-uyPADs using ImageJ

3. Analysis of Glucose and Acetoacetate
Detection Distance Reaction

Polymers like pure cellulose fibers

are used in the in-situ synthesis of silver

nanoparticles (AgNPs) because of their

When

reduced to AgNPs, silver nitrate exhibits

abundance and hydroxyl groups.
properties such as catalytic activity, high

conductivity, and antibacterial effects.
Reducing agents like NaBHa, hydrazine, and
ethylene glycol induce a color change during
nanoparticle formation. Glucose can also act
as a reducing agent with NaOH, accelerating
the process and producing smaller particles.
Starch is a stabilizer that controls particle size
and shape and prevents clumping. In S2Z-
MPADs, glucose helps in the in-situ synthesis

of AgNPs by reducing silver salts. Glycine, a

simple amino acid, is often used for Schiff
base formation in yPADs due to its simple
structure, reactivity, availability, and water
solubility. For ketone detection in urine, the
Schiff base contains a carbon-nitrogen
double bond called azomethine or imine,
which is crucial in the magenta complex
reaction with sodium nitroprusside [30].

To prepare the detection zones, an
optimal concentration of AgNOs and a 1%
starch solution is applied to the glucose
detection zone, spreading from the top of the
reaction zone to the bottom. NaOH is then
applied at the detection boundary zone. A
specific glycine concentration is applied for
the ketone detection zone, followed by 15%
(w/w) sodium nitroprusside at the detection

boundary zone. The device is left to dry for 8
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minutes at room temperature. Next, a mixture
of 8 mM glucose in artificial urine, 7 mM
acetoacetic acid in artificial urine, acetone,
and an optimal concentration of NaOH is
added to the sample zone and left to dry for
10 minutes.

The analysis is conducted through
direct visual observation and using ImageJ
software, as illustrated in Figure 2. Visual
observation monitors the reaction distance
and color intensity changes while ImageJ
software verifies these observations. The
data from ImageJ are presented as RGB
graphs. The optimal condition is determined
from the slope (y/x) of the RGB graph, where
X is the reaction distance and vy is the color
intensity. The results show the distance of the
color change. A higher slope indicates that
the change is easily visible, making it
possible for the public to analyze the results
by directly observing the color change
distance. The slope value is expressed in

Equation (1).
Slope (y/x) =

4. Method Validation

Y2 =M1
X2 — X1

Following the determination of
optimum conditions, method validation is
performed, which includes several tests:
measurement  of
accuracy, LOD (Limit of Detection), and LOQ
(Limit of

linearity,  precision,

Quantification). Linearity
measurement measures glucose and ketone
solutions in artificial urine at 1 to 8 mM
concentrations.  Precision measurement
involves adding glucose and ketone solutions
to artificial urine (composition shown in Table
1) at concentrations of 8 mM for glucose and

7 mM for ketones, with six repetitions.

Accuracy testing measures glucose and
ketones in artificial urine at low, medium, and
high levels. LOD and LOQ are determined
based on the results of the linearity test. LOD
and LOQ are expressed in Equations (2) and
3).

LOD =

3,3X0

)
®3)

10Xo
S

LOQ =

Tabel 1. Composition of artifisial urine

Solution Composition Concentration
(mV)

Citric acid 2

Sodium bicarbonate 25

Uric acid 0.4

Sodium chloride 90

Sodium sulfate decahydrate 10

Potassium dihydrogen 7
phosphate

Dipotassium hydrogen 7
phosphate

Ammonium chloride 25
Lactic acid 1.1
Calcium chloride dihydrate 2.5
Magnesium sulfate 2
Urea 170

RESULTS AND DISCUSSION
1. Heating S2Z-yPADs after Printing

After printing, the S2Z-uyPADs are
oven-dried at 120°C for 3 minutes to ensure
proper wax penetration. Wax viscosity is
temperature-dependent, requiring a stable,
controlled heat source for consistent results.
Wax melts around 120°C. Below this
temperature, wax penetration is suboptimal
due to incomplete paper absorption. While
temperatures above 150°C accelerate wax
melting, they also risk damaging the paper
substrate. Cellulose fibers in paper are
susceptible to damage from  high
temperatures [37]. Figure 3 shows a visible

difference in the design before and after wax
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penetration on both the front and back sides.
Before wax penetration, the front design
pattern of the S2Z-uyPADs exhibits a clear
black appearance, while the back design is
less distinct or faint. After wax penetration,

the front design pattern exhibits wax

expansion and color fading, while the back
design pattern shows that the wax has
penetrated and formed a hydrophobic zone
[34], [36]. The design pattern's length and
width change after wax penetration is (0.39 x
2.3) mm.

Ket Glu

l

Front Back

Before Wax Penetration

771?011[ Back

After Wax Penetration

Figure 3. S2Z-uPADs before and after wax penetration (heating)

2. The Effect of Reagent and Sample
Volume

Optimization of reagent volume is
performed on reagent volumes of 7, 8, 9, and
10 uL, as shown in Figure 4A. At a reagent
volume of 7 uL, the detection zone cannot be
fully covered. At 8 pL, the detection zone is
fully covered without exceeding its lower
limit—9 and 10 pL volumes cause the
reagent to spread beyond the detection zone,
indicating excess. Therefore, The optimal
reagent volume is 8 pL, as it adequately
covers the detection zone without causing
interference or non-specific color changes,
which can affect data accuracy.

Reagent boundary zone volume
optimization is conducted with volumes of
0.5, 1, 1.5, and 2 pL, as shown in Figure 4B.
The optimal volume ensures even spreading
across the zone without encroaching into the
sample zone. A volume of 0.5 pL does not
fully cover the boundary zone, while 1 pL
achieves without

complete  coverage

overflow. Volumes of 1.5 and 2 pL cause the
reagent to enter the sample zone, affecting
migration distance and mixing with the
sample. Therefore, the optimal reagent
boundary zone volume is 1 pL.

Sample volume optimization is
performed with 20, 30, 40, and 50 pL
Figure 4C.

Optimization is based on the migration

volumes, as shown in
distance within the detection zone. A sample
volume of 20 uL results in short migration,
underutilizing the detection zone. At 30 pL,
migration length is balanced, providing
sufficient space for high concentrations of
glucose and ketones and allowing
measurement of longer migration lengths.
Volumes of 40 and 50 pL do not significantly
differ in migration length, but 50 pL exceeds
the S2Z-uPADs'

accumulation in the sample zone and

capacity, causing
hindering analysis of higher concentrations.

Therefore, the optimal sample volume is 30

ML.
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reaction.

3. The effect of reagent concentration in
the formation of AgNPs

Optimization of AgNOs
concentration is conducted with variations of
100, 500, 1000, 2000, and 3000 mM, as
shown in Figure 5A. The purpose is to
identify the optimal concentration for silver
nanoparticle formation in S2Z-uPADs.
AgNOs acts as a precursor ion for Ag*, which
is reduced to AgP in the formation of silver
nanoparticles [40]. A yellowish-brown color
forms at a concentration of 100 mM but is
uneven, with a low blue slope value. At 500
mM, the color becomes sharper, resulting in
a clearer color change boundary. However, at
concentrations above 500 mM, the migration

length decreases, and the color darkens,

indicating the reduced ability of 8 mM glucose
to reduce AgNOs due to AgNOs
agglomeration.

Optimization of NaOH concentration
is performed with variations of 2, 4, 6, 8, and
10 M, as shown in Figure 5B. NaOH acts as
a reducing agent for AgNOs [41]. At 2 M, the
color is not visible and is difficult to distinguish
with the naked eye. Concentrations from 4 to
10 M produce a visible color change
boundary, with the most distinct at 10 M. The
brown color produced during glucose
detection necessitated the use of a blue color
scale for ImageJ analysis [42]. This choice
aligns with the complementary color principle

and reflects the most significant color change
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compared to red and green scales. NaOH
concentrations exceeding 10 M exhibit
corrosive properties and produce more

viscous solutions, making them unsuitable for

Y

500 1000 2000 3000

AgNOj; concentration (mM)
2 4 6 10

100

8
NaOH concentration (M)

small volumes within S2Z-uyPADs. Based on
the slope value, the optimal NaOH

concentration is 10 M.

B
30 27.601
25
X 20
El5 16.247 12.846 12.838
° 14.899
% 10
5
0
0 2000 4000

Concentration of AQNO; (mM)

34.157

Slope (y/x)

2 4 6 8 10 12
Concentration of NaOH (M)

Figure 5. Optimization S2Z-yPADs (A) image for the concentration of AgNOs, (B) the influence
of AgNOs concentration on the slope intensity of distance reaction, (C) image for the
concentration of NaOH, (D) the influence of NaOH concentration on the slope intensity

of distance reaction.

4. The Effect of Reagent Concentration
in the Formation of Magenta
Complexes

Figure 6A presents the optimization
of glycine concentration, performed with
variations of 0.1, 0.5, 1, 1.5, and 2 M. Glycine
is crucial in forming imine derivatives [43].
Higher glycine concentrations lead to more
magenta complex formation. The effect of
glycine concentration is analyzed using
ImageJ software by observing the green

slope. The sample used is ketone in artificial

urine at a concentration of 7 mM. Based on
ImageJ analysis, the optimal slope value
occurs at a glycine concentration of 1 M.
Insufficient glycine can react with all the
low glycine

carbonyl compounds at

concentrations, resulting in a less
pronounced color change. However, at
higher glycine concentrations, an adverse
effect emerges. Excess glycine can act as a
carbonyl

binding agent, sequestering

compounds and rendering them unavailable
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for the condensation reaction. Therefore, the
optimal glycine concentration is 1 M.
A
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Figure 6. Optimization S2Z-yPADs (A) image for concentration of glycine, (B) the influence of

glycine concentration on the slope intensity of distance reaction, (C) image for
concentration of sodium nitroprusside, (D) the influence of sodium nitroprusside
concentration on the slope intensity of distance reaction, (E) image for concentration of
NaOH, (F) the influence of NaOH concentration on the slope intensity of distance reaction

Figure 6C presents the optimization

of sodium nitroprusside concentration,
performed with variations of 5%, 7%, 10%,
and 15% (w/w). Sodium nitroprusside is
involved in the formation of the magenta
complex [44]. Higher concentrations lead to
formation. The

more imine derivatives

sample used is ketone in artificial urine at a

concentration of 7 mM. Based on ImageJ
analysis, the green slope value increases at
a concentration of 15% (w/w), where
solubility becomes difficult to achieve.
Figure 6E presents the optimization
of NaOH concentration in the sample zone,
performed with variations of 0.5, 1, 2, and 3

M with a mixture of 7 mM ketone solution in
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artificial urine. NaOH provides the basic
needed for
[38].

analysis, the green slope value increases at

environment glycine

deprotonation Based on ImageJ
a concentration of 1 M. The color change
boundary is most distinct and clear at this
concentration. Therefore, the optimal NaOH
is 1 M. At low NaOH

concentrations (0.5 M), insufficient catalyst

concentration

hinders the reaction's progress, resulting in a
faint color change boundary and a low slope
value. A concentration of 1 M NaOH strikes
an optimal balance between catalyst and
reagents, enabling efficient condensation
and maximizing Schiff base formation.
However, the catalytic effect becomes
excessive at higher NaOH concentrations (2-
3 M). Excess NaOH can significantly increase
the solution's pH, disrupting the condensation
reaction equilibrium and impeding Schiff base

formation.

5. The Effect of Reagent Drying Time

A

5

8

Reaction Time (minutes)

10

Slope (y/x)
PN WS O
O O O O o

o

207

Drying time optimization is performed
with variations of 0, 5, 8, and 10 minutes, as
shown in Figure 7. Optimizing reagent drying
time is crucial for maintaining reagent mobility
and ensuring consistent detection across the
S2Z-uPADs. Faster drying times result in a
more faded color change boundary, making it
difficult to observe with the naked eye.
Inadequate drying time (0-5 minutes) hinders
reagent diffusion, leading to uneven
distribution and a faint color change. The
optimal drying time of 8 minutes allows for
sufficient diffusion, resulting in a well-defined
color change boundary and a high slope
value.

However, excessive drying (10

minutes) causes over-drying, reducing
reagent mobility and leading to uneven
detection zones and inconsistent color,
particularly in the glucose detection zone—
the fainter color change boundary results in a
lower slope value. Therefore, the optimal

drying time is 8 minutes.

5 8
Reaction time (minutes)

10

—e&— Glucose —eo— Ketones

Figure 7. Optimization S2Z-uyPADs (A) image for drying time, (B) the influence of drying time on
the slope intensity of distance reaction

6. The Effect of Reaction Time

Reaction time optimization s

performed with variations of 5, 10, 15, 20, 25,

and 30 minutes, as shown in Figure 8.
Reaction time affects the formation of AQNPs

in glucose detection and the magenta
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complex in ketone detection. At a reaction
time of 5 minutes, the reaction process is
incomplete, leading to a change in migration
length of 10 minutes. For reaction times
exceeding 10 minutes, the color change
remains consistent.

boundary ImageJ

analysis indicates that glucose and ketone

A

25

30

Reaction Time (minutes)

Slope (y/x)

detection's optimal color intensity slope value
Although

typically produce more

occurs at 10 minutes. longer

reaction times
products, extended exposure to oxygen
beyond 10 minutes can cause product
decomposition [45], resulting in decreased

color intensity.

120 100.252
83.795
100 59,56 73.846 70 377
80 56.848 54.281
60 47:234 41.228
40 WOS
20
0

Reaction time (minutes)

—eo— Glucose —e— Ketones

Figure 8. Optimization S2Z-uPADs (A) image for reaction time, (B) the influence of reaction time
on the slope intensity of distance reaction.

7. Method validation

Following  optimization, = method
validation is conducted using the optimal
concentrations. Figure 9A displays the
results of linearity testing, where glucose and
acetoacetate solutions in artificial urine
(ranging from 1-8 mM) are measured. A
strong linear relationship is achieved for
glucose detection with a coefficient of
determination (R2=0.9821). Similarly, ketone
detection shows a high coefficient of
determination (R? = 0.995). This strong
linearity is vital for accurate quantification,
ensuring that color intensity changes directly
reflect analyte concentration changes. This
enables reliable conversion of color change
distance into actual concentrations of glucose

or ketones in the sample.

Figure 9B shows the precision

testing  results, indicating  consistent

measurements for glucose and ketone
urine. The relative
(RSD)

measurement is 3.792%, and for ketone

solutions in artificial

standard deviation for glucose
measurement, it is 1.482%, demonstrating
good precision.

Figure 9C highlights the accuracy
testing performed at low, medium, and high
levels of glucose and ketones in artificial
urine. The accuracy results range from
87.463% to 97.374%, indicating that the S2Z-

MPADs provide reliable measurements. High

accuracy is essential for real-world
applications, making  S2Z-yPADs a
potentially  portable and user-friendly

alternative to existing methods.
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The Limit of Detection (LOD) and
Limit of Quantification (LOQ) for glucose
detection are 0.98 mM and 2.99 mM,
respectively. The LOD is 1.78 mM for ketone
detection, and the LOQ is 5.41 mM.
According to Mukhopadhyay (2022), glucose

A

1 2 3 4 5 7
Ketone Concentration (mM)

o

Glucose-Ketone Concentration (mM)

levels can be categorized as normal (€2 mM),
moderate (2-5 mM), high (5-9 mM), and very
high (9-13 mM).
categorized as normal (€2 mM), moderate (2-
4 mM), high (4-8 mM), and very high (>8 mM)
[39].

Ketone levels are

B
25 =@ Glucose ==@==Ketones
20
IS y =0.6639x + 17.375
[5]
e
< 10 .’.__.’I-_'r—./.
@ y =0.6114x + 7.3115
a R?=0.9821
5
0
2 3 5 6
Concentration of analyte in artificial
urine(mM)
D
15 4.5 7 1.5 4.5 6

Glucose Concentration (mnM) Ketone Concentration (mM)

Figure 9. S2Z-uyPADs (A) image for linearity, (B) the influence of linearity on the slope intensity
of distance reaction, (C) image for precision, (D) image for accuracy

CONCLUSION

A novel method for non-enzymatic
detection of glycosuria and ketonuria has
been successfully developed using paper-
based substrates. This innovative approach
uses silver nitrate for synthesizing silver
nanoparticles (AgNPs) to detect glucose and
employs Schiff base synthesis and a sodium
nitroprusside test for ketone detection. The
method uses a distance-based design with a

single sample zone (S2Z-uPADs),

eliminating the need for additional
instruments by relying on the analysis of color
migration length changes. This makes the
analytical tool inexpensive, portable, and
easy to use. The research optimized
conditions for the S2Z-pyPADs method: 500
mM AgNOs and 10 M NaOH proved optimal
for glucose detection. The best results were
obtained with 1 M glycine, 15% sodium
nitroprusside (w/w), and 1 M NaOH for

detecting acetoacetate. The reagent volume
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in the detection zone was set at 8 pL, the
detection limit zone reagent volume at 1 pL,
and the sample volume at 30 pL. The optimal
drying time was 8 minutes, with a reaction
time of 10 minutes. Method validation
showed excellent performance. For glucose
detection, the results demonstrated strong
linearity (R2 = 0.9821), good precision (RSD
of 3.792%), accuracy ranging from 89.27% to
93.43%, an LOD of 0.98 mM, and an LOQ of
2.99 mM. For ketone detection, the method
achieved a high coefficient of determination
(R2 = 0.995), precision with an RSD of
1.482%,
97.37%, an LOD of 1.78 mM, and an LOQ of

5.41 mM.This approach offers a promising,

accuracy between 87.46% and

user-friendly  alternative  for  diabetes
monitoring, ensuring reliable and accurate

urine detection of glucose and ketones.
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