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ABSTRACT 
This work aimed to report the paper-based analytical devices (PADs) developed to determine the albumin-to-creatinine 
ratio (ACR) using the colorimetric method as a simple detection system. The detection of albumin (ALB) was based 
on the dye-binding reaction by immobilizing Bromothymol Blue (BTB) onto the PADs. The color change from yellow 
to blue was identified when ALB reacted with BTB. Creatinine (CRE) detection was carried out according to the Jaffe 
reaction by reacting CRE with alkaline picrate, which was immobilized onto the PADs, resulting in the color change 
from yellow to orange CRE–picrate complex. The intensity of the color formed is proportional to the concentration of 
ALB and CRE. The proposed method was successfully applied to detect ACR in synthetic urine samples with accuracy 
in the range of 77%–93% and relative standard deviations < 5%. The detection limits for ALB and CRE were 2.4 and 
5.3 mg dl−1, respectively. This device provides an inexpensive, simple, fast, disposable, and affordable tool for possible 
early detection of kidney damage because of nephropathy.

INTRODUCTION
Nephropathy is one of the global health problems, with a 

prevalence increasing every year. The main causes of nephropathy 
generally come from diabetes and hypertension, which can develop 
into kidney damage, chronic kidney disease (CKD), kidney failure, 
and even death (Mohart, 2013; Shiba and Shimokawa, 2011; Van 
Buren and Toto, 2011). The increasing number of hemodialysis 
patients showed increasing kidney failure because of nephropathy. 
According to the 2017 Global Burden of Disease, CKD ranks 12th 
and causes 1.1 million deaths worldwide. In the last 10 years, 
deaths from kidney disease have increased by 31.7%, making 
kidney disease one of the leading causes of death, the fastest rising 
besides diabetes and dementia (Neuen et al., 2017).

Early detection of nephropathy for diabetics and 
hypertension is urgently required to prevent kidney damage 
from getting worse. Nephropathy occurs when the albumin-to-
creatinine ratio (ACR) in urine is > 30 mg g−1 or microalbuminuria 
is obtained [urine albumin (ALB) level is in the range of 30–299 
mg/24 hour]. People with diabetes and hypertension, who suffer 
from nephropathy for at least 3 months, are referred to as CKD 
patients (Shaw and Cummings, 2012). If detected early and 
handled properly, the CKD patients with a urine ACR of 30–299 
mg g−1 and an eGFR of 60–89 ml/minute/1.73 m2, the occurrence 
of kidney failure can be prevented (Han et al., 2015). Hence, fast 
laboratory testing and good disease management are needed.

Creatinine (CRE) and microalbuminuria detection 
are standard and widely used laboratory tests to determine 
kidney disorders in diabetic and hypertension patients. The 
amount of CRE excreted in urine indicates the condition of 
human kidneys. The collection of urine samples is effortless 
and not invasive, so it does not cause pain for patients. Urine 
contains proteins, end products of nucleic acid metabolism, 
metabolites (urea, uric acid, CRE, ammonia, and amino acids), 

*Corresponding Author 
Akhmad Sabarudin, Department of Chemistry, Faculty of Science, 
Brawijaya University, Malang, Indonesia. E-mail: sabarjpn @ ub.ac.id

© 2022 Nurrahmah et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License (https://
creativecommons.org/licenses/by/4.0/).

140

http://crossmark.crossref.org/dialog/?doi=10.7324/JAPS.2021.120113=pdf


Nurrahmah et al. / Journal of Applied Pharmaceutical Science 12 (01); 2022: 140-148 141

various organic and inorganic salts, electrolytes, and many 
vitamins, hormones, enzymes, and other components as end 
products of the metabolism process. Through quantitative 
and qualitative monitoring of changes in urine composition, 
it is possible to obtain important diagnostic information of 
concerning kidney and urinary tract diseases and pathologies 
other organs such as the cardiovascular system, endocrine 
system, and metabolic system (Simerville et al., 2005). This 
urinalysis can also provide important information on disease 
progression, prognosis estimation, and treatment options (Jalal 
et al., 2017). However, concentrations of the urine component 
are influenced by diet, water intake, sweat, and other factors, so 
that the quantitative composition of urine varies significantly 
depending on the amount of urine excreted at a certain time. 
Consequently, measurement of the CRE concentration from a 
random urine sample as well as the concentration of the single 
urinary component CRE (Corder and Leslie, 2019; Fernandes 
et al., 2017; Krishnegowda et al., 2017; Ramanavicius, 2007; 
Yuen et al., 2004) does not provide accurate physiological 
information. Furthermore, CRE testing is considered less 
sensitive because when the kidney damage reaches 50%, the 
CRE level just rises. For accurate analysis of urinary micro-
ALB, a 24-hours urine collection is needed for analysis, which 
requires considerable patient effort (Methven et al., 2010).

The effect of urine volume can be compensated by 
expressing the concentration of the desired urinary component 
as the number of analytes per total CRE. ALB index, which is 
the ratio of urinary ACR and is usually expressed as milligrams 
(mg) of ALB per gram (g) of CRE, is used as a substitute for 
this purpose. The urine ACR test avoids the volume influence 
problem on urine samples and does not require a 24-hours urine 
collection. Additionally, noninvasive sampling can be attributed 
to this method (Sabarudin, 2018). Accordingly, ACR is considered 
an accurate method for screening albuminuria. Besides being used 
to identify nephropathy, kidney function laboratory testing can 
also be applied to detect patients at high risk of hypertension and 
heart disease requiring more intensive care. However, the use of 
expensive autoanalyzer instrumentation in this method, which is 
usually only available in major/modern health facilities, can cause 
kidney disease more difficult to be detected early, particularly for 
patients away from the modern hospital. 

Various analytical methods have been developed for 
the detection of ACR, including sequential injection analysis 
(Sabarudin, 2018; Siangproh et al., 2009), spectrophotometry 
(Schosinsky et al., 1987), turbidimetric immunoassay (Hong et 
al., 2016), and ELISA (Chapman et al., 2019). These methods 
employ modern instruments with high sensitivity and accuracy. 
However, the use of these instruments has limitations, such as 
high-cost analysis and time-consuming analysis, requires large 
amounts of reagents and samples and less portable and high-
priced instrument, and requires a trained operator. Therefore, 
the development method, which is cheap, simple, fast analysis, 
disposable, and affordable, is needed. This need can be achieved 
using paper-based analytical devices (PADs).

Paper made from pure cellulose has chemical and 
physical properties, which are very suitable for application as 

PADs (Yamada et al., 2015). The chromatographic paper does not 
need additives, and almost all impurities from the raw material 
are removed after the bleaching process. Cellulose is the primary 
component of the paper material, with an abundance of hydroxy 
(−OH) groups and a small amount of carboxylic acid (−COOH) 
groups on the surface (Alila et al., 2005). PADs were first 
introduced as an analytical tool with microfluidic patterns on paper 
to detect glucose and protein in artificial urine by Martinez et al. 
(2018). This device is very promising for use as a point of care 
diagnosis. PAD is a self-standing analysis system equipped with 
all the components needed to carry out an analytical assay, such as 
the sample transport system, sample pretreatment, reagents, and 
detection system. 

The Jaffe method, even though it has been more than one 
century, is still used as a reference by most clinical laboratories for 
the quantitative determination of CRE. In this method, CRE reacts 
with alkaline picrate to form an orange-colored CRE–picrate 
complex whose color intensity is equivalent to the concentration of 
CRE in the sample (Delanghe and Speeckaert, 2011; Küme et al., 
2017). ALB is generally determined using the dye-binding reaction 
method, resulting in color change which corresponds to ALB 
concentration when the dyes bind to this protein. Bromothymol 
blue (BTB) has higher sensitivity in comparison with Phenol red, 
Cresol red, and Thymol blue for detection of ALB using a visible 
spectrophotometric method (Suzuki, 2003).

The use of PAD to detect kidney disorders based on the 
multiple urinary components ACR has been reported. Disposable 
paper-based electrophoresis microchips with integrated pencil-
drawn electrodes (Chagas et al., 2016) provided a limit of 
detection (LOD) of 458 mg dl−1 for CRE and 262 mg dl−1 for 
ALB. Aerosolized deposition of polycaprolactone onto paper-
based microfluidic tools (Heist et al., 2018) had an LOD of 50 
mg dl−1 for CRE and ALB. Paper-based colorimetry device for 
the determination of ACR using Bromocresol green and alkaline 
picrate reagents (Chaiyo et al., 2018) resulted in LOD of 5.4 and 
7.1 mg dl−1 for CRE and ALB, respectively.

In this work, we developed colorimetric-based PADs 
for ACR detection. BTB immobilized in the PADs was used to 
determine ALB, resulting in a color change from yellow to blue. 
Moreover, CRE is determined using alkaline picrate, which 
results in a color change from yellow to orange. Although we 
used the same alkaline picrate reagent for CRE detection as 
reported by Chaiyo et al. (2018), the picric acid and NaOH 
concentrations used were different. Our optimized condition 
is better because it gives a sharper orange color (CRE–picrate 
complex) at the same creatine concentration so that it is easier 
to see with the naked eye. Using these reagents under optimum 
conditions, better sensitivity (LOD: 2.4 and 5.3 mg dl−1 for ALB 
and CRE, resp.) than other works reported so far (Chagas et 
al., 2016; Chaiyo et al., 2018; Heist et al., 2018) was achieved 
for ACR detection. The color changes were recorded using a 
digital camera, and their color intensities were measured using 
ImageJ software. The proposed method was then applied to 
the determination of ACR in the synthetic urine samples with 
satisfying results.
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MATERIALS AND METHODS

Chemicals and apparatus
The Xerox ColorQube 8580DN solid ink color printer 

(USA) was employed to prepare PADs (Fig. 1) using Whatman 
chromatographic paper No.1 (Whatman TM, GE Healthcare, 
UK). The digital drying oven (B-ONE, China) was used for 
posttreatment of the resulting PADs. The color changes on PADs 
were captured by the digital camera (Fujifilm X-A3, Japan) and 
further processed using ImageJ software to obtain the intensity of 
red, green, and blue (RGB) colors.

All chemicals used in this work were of the analytical 
reagent grade. Bovine serum albumin, BTB (C27H28Br2O5S/BTB), 
CRE, and sodium hydroxide for detection of ACR were purchased 
from Sigma-Aldrich (Singapore,) whereas picric acid (C6H3N3O7) 
was obtained from Smart-Lab, Indonesia. For preparation of 
artificial urine solution, citric acid, urea, lactic acid, potassium 
dihydrogen phosphate, dipotassium hydrogen phosphate, sodium 
chloride, sodium sulfate, sodium bicarbonate, ammonium 
chloride, calcium chloride, and magnesium sulfate were obtained 
from Sigma-Aldrich (Singapore). All chemicals were prepared 
in distilled water except BTB, which requires ethanol (Merck, 
Indonesia) for dissolution. 

Design and fabrication of µPADs
The PAD pattern was designed using the CorelDraw 

X7 software, which consists of two detection zones for ALB and 
CRE. Each detection zone had a diameter of 10 mm, with PADs 
dimensions of 42 × 23 mm. The design (Fig. 1) was printed on 
Whatman chromatographic paper No.1 using the Xerox ColorQube 
8580DN printer equipped with a CMYK (Cyan, Magenta, Yellow, 
Key) wax ink cartridge. The printed devices were placed in the 
oven at 120°C for 3 minutes to allow the wax to melt and penetrate 
PADs, generating the hydrophobic barrier on both sides of the 
paper. The backside of PADs was coated with transparent tape to 
prevent leakage of solution through the device and avoid paper 
bending when the reagents were dropped on the paper.

Colorimetric detection of ALB and CRE
The colorimetric detection procedure is shown 

schematically in Figure 2. The BTB and the mixture of picric 
acid with NaOH (alkaline picrate) reagents were dropped on ALB 
and CRE detection zones until they filled the circle zone area as 
indicated by the formation of a yellow color. Then, the standard 
solutions or samples were dropped on each detection zone and 
allowed to change color from yellow to blue for ALB and yellow 
to orange for CRE detection. These color changes were captured 
using the digital camera, and the resulting images were analyzed 
using ImageJ software to determine the RGB color intensity of 
ALB–BTB and CRE–alkaline picrate. The color intensity of the 
formed complexes can be represented by only one complementary 
color, which showed a linear trend as the concentration of the 
analytes increased. In this work, the red intensity was used to 
determine the ALB concentration, and green intensity was chosen 
to determine the CRE concentration. Then, the color intensity was 
corrected into ∆intensity (absolute value) by subtracting the blank 
intensity with red or green intensity, reflecting the actual intensity 
of the sample.

When photographing color changes using a digital 
camera (Fig. 2D), the PAD is adjusted to a fixed position and 
condition. The PAD is put inside a black controlled-light box with 
dimensions of 19 cm length × 14 cm width × 23 cm height; the 
top has a hole with a diameter of 5 cm as a place to insert the 
camera lens. At the bottom of the box, there is a place to put a 
PAD with a height of 3 cm, and the distance between the PAD and 
the camera lens is 18 cm. An LED light (4 watts, 6,500 K, 330 
lm, 30 mA) is placed inside the box whose position is fixed not to 
block the camera lens. Digital camera with fixed lens 16.0–50.0 
mm (Fujifilm X-A3) is set as follows: focal length 16.0 mm with 
ISO 200.

Synthetic urine samples
The synthetic sample solution was made by mixing ALB 

and CRE at certain concentrations in artificial urine solution as 

Figure 1. Design of the PADs.
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shown in Table 1 (Brooks and Keevil, 1997; Martinez et al., 2007) 
at four different ALB index (ACR) concentrations as follows: 
synthetic sample 1 (CRE 100 mg dl−1; ALB 30 mg dl−1), synthetic 
sample 2 (CRE 100 mg dl−1; ALB 50 mg dl−1), synthetic sample 3 
(CRE 100 mg dl−1; ALB 100 mg dl−1), and synthetic sample 4 (CRE 
100 mg dl−1; ALB 400 mg dl−1). These compositions correspond to 
the ALB index of 300, 500, 1,000, and 4,000 for synthetic urine 
samples 1, 2, 3, and 4, respectively.

RESULTS AND DISCUSSION

Effect of reagent and sample volumes on the color intensity 
Investigation of the optimum reagent volume was 

carried out to determine the amount of reagent distributed in the 
PADs so that the color change obtained in the detection zone could 
be observed evenly and homogeneously. The reagent volume was 
varied from 1 to 3 µl, and the result is shown in Figure 3. The color 
intensity increased with increasing reagent volume and reached 
optimum when 2 μl of each BTB and alkaline picrate was used for 
ALB and CRE detection, respectively. This selection was indicated 
by the blue (ALB–BTB) and orange (CRE–alkaline picrate) color 
formation, which provided the highest ∆ color intensity and color 
distribution evenness in the detection zone. However, reagent 
volume excess (> 2 μl) would result in the reagent passing through 
the hydrophobic barrier of the detection zone.

The optimization of sample volume is required to find the 
desired amount of sample that can react with reagents, resulting in 
color change evenness in the detection zone without upward or 
downward bending of the PADs. In this work, the sample volume 
was studied from 2 to 6 µl, and the results are shown in Figure 4. 
The ∆ color intensity increased as the sample volume rose. It was 
found that the blue color compound (ALB–BTB) and orange color 
complex (CRE–alkaline picrate) reached the highest ∆intensity 
accompanied by excellent color distribution in the detection zone 
when the sample volume was 4 µl. Accordingly, this volume was 
chosen for further experiments. The sample volume of > 4 μl could 

Figure 2. Colorimetric detection procedure for ALB and CRE detection. (A) Dropping BTB and alkaline picrate reagents to ALB and CRE detection zones. (B) 
Dropping standard solutions or samples to ALB and CRE detection zones. (C) The resulting color changes: blue for ALB and orange for CRE. (D) Capturing the color 
changes with the digital camera. (E) Analyzing RGB intensity using ImageJ software.

Table 1. Composition of artificial urine solution.

Components Concentration (mM)

Citric acid 2

Urea 170

Uric acid 0.4

Lactic acid 1.1

Potassium dihydrogen phosphate 7

Dipotassium hydrogen phosphate 7

Sodium chloride 90

Sodium sulfate 10

Sodium bicarbonate 25

Ammonium chloride 25

Calcium chloride 2.5

Magnesium sulfate 2
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not be applied since the excess amount of solution passed through 
the hydrophobic barrier of circle detection zones.

Effect of reagent concentration on the color intensity
BTB concentration affects the color change for ALB 

detection, while alkaline picrate concentration affects the color 
change for CRE detection. Optimization of reagent concentration 
was carried out to obtain reagent composition that resulted in 
sharp color changes in the detection zone of PADs. The BTB 
concentration was varied from 0.0004 to 0.004 M, while the 
concentration of picric acid was studied from 0.01 to 0.05 M, 
and the concentration of NaOH for conditioning picric acid was 
investigated from 1 to 3 M. For picric acid, concentration > 0.05 
M could not be tested because it exceeded its solubility limit 
(saturated) (Cook et al., 1975).

As shown in Figure 5 (A), the results showed that the 
∆intensity increased with increasing reagent concentrations. The 
optimum concentration of BTB was 0.0008 M because it provided 
sharper and faster blue color change (ALB–BTB) in comparison 
with 0.004 M. In Figure 5 (B and C), the ∆intensity of CRE–
alkaline picrate increased with increasing picric acid and NaOH 
concentrations. Thus, 0.05 M picric acid in 3 M NaOH (alkaline 
picrate) was selected for the further experiment because it resulted 
in sharper and faster orange color changes in the detection zone of 
PADs when more CRE was dropped.

Effect of reaction time on the color intensity
Investigation of the optimum reaction time was studied 

to find the appropriate reaction time so that the formation of faded 
colors in the detection zone of PADs could be avoided. PADs were 
photographed using a digital camera with reaction times varying 
from 5 to 75 minutes. In Figure 6, the results showed that the ∆ 
color intensity of ALB–BTB (blue) and CRE–alkaline picrate 
(orange) in the PADs detection zone tended to be constant from 
5 to 20 minutes. Conversely, at the reaction time > 20 minutes, 
the ∆intensity decreased and the color in the PADs detection zone 
faded. Therefore, the optimum reaction time for detection of ALB 
and CRE can be carried out in the range of 5–20 minutes.

The analytical figure of merits 
In this work, linearity is an important part of evaluating 

a method to determine the concentration of analytes with high 
accuracy using PADs. Additionally, the linearity is constructed 
according to the optimum conditions obtained. Due to the best 
linearity, the red intensity was applied to construct the calibration 
curve of ALB, whereas green intensity was used to prepare the 
calibration curve of CRE. Good linearity of ALB concentration 
was achieved in the range of 10–100 mg dl−1 (Fig. 7C) as indicated 
by the correlation coefficient (R2) of 0.9948, whereas the linear 
range for the determination of CRE could be constructed from its 
concentration from 10 to 100 mg dl−1 (Fig. 7D), resulting in R2 of 

Figure 3. Effect of BTB reagent volume to the color intensity of ALB–BTB (A). Effect of alkaline picrate reagent volume to the color intensity of CRE–alkaline picrate 
(B). Condition: volume of sample was 4 µl; ALB concentration was 100 mg dl−1; CRE concentration was 100 mg dl−1.

Figure 4. Effect of sample volume on the color intensity of ALB–BTB (A). Effect of sample volume on CRE–alkaline picrate’s color intensity (B). Condition: volume 
of reagent was 2 µl; ALB concentration was 100 mg dl−1; CRE concentration was 100 mg dl−1.
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0.9723. The LOD of ALB and CRE were calculated according to 
3 x standard deviation (3σ) of the blank intensity of PADs for 10 
measurements. After plotting to each linear equation, the LOD for 
ALB and CRE was found to be 2.4 and 5.3 mg dl−1, respectively.

The reproducibility was estimated under optimum 
conditions for five measurements of ALB (40 mg dl−1) and CRE 
(90 mg dl−1). Excellent reproducibility could be achieved as 
relative standard deviations (RSD) of 0.27% and 0.24% were 
obtained for ALB and CRE, respectively.

Determination of ACR in synthetic urine samples
ACR curve was constructed under optimum condition 

using ALB concentration of 30–500 mg dl−1, while the CRE 
concentration was kept at 100 mg dl−1, corresponding to the ALB 
index (ACR) of 300 to 5,000 mg g−1 as calculated according to 
Equation (1) as follows:

ACR (mg g-1) = 
[ALB] in mg dL-1

× 100
[CRE] in mg dL-1

Figure 5. Effect of reagent concentration on the color intensity of BTB (A)., Concentration of picric acid (B)., Concentration of NaOH (C). Condition: volume of 
reagent was 2 µl; the volume of sample was 4 µl; ALB concentration was 100 mg dl−1; CRE concentration was 100 mg dl−1. For (B), concentration of NaOH was fixed 
at 3 M. For (C), concentration of picric acid was fixed at 0.05 M.

Figure 6. Effect of the reaction time to color intensity for ALB and CRE detection. Condition: volume of reagent was 2 µl; the volume of sample was 4 µl; concentration 
of BTB was 0.0008 M; concentration of picric acid was 0.05 M; concentration of NaOH was 3 M; ALB concentration was 100 mg dl−1; CRE concentration was 100 
mg dl−1.
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Then, the logarithmic of ACR was plotted against the 
∆intensity ratio ALB/CRE, resulting in excellent linearity with a 
correlation coefficient (R2) of 0.9965, as shown in Figure 8. The 
relatively wide linear range was sufficient to allow the proposed 
method to be used as an alternative method to determine the 
albuminuria levels. Additionally, this proposed device demonstrates 
a paper-based sensing capability to measure ACR easily.

The application of this method for ACR detection 
using synthetic samples was carried out to ascertain the 
performance of the proposed PADs. By calculating the 

∆intensity ratio of ALB/CRE in the synthetic samples and 
plotting the results into the linear equation (see Fig. 8), the ACR 
values could be obtained. Thus, the albuminuria levels, such as 
ACR urine < 30 mg g−1 (normal albuminuria), > 30–300 mg g−1 
(microalbuminuria), and > 300 mg g−1 (macroalbuminuria), can 
be estimated.

The analytical results of synthetic urine samples are shown 
in Table 2. The accuracy of ACR measurement was in the range of 
77%–93%, while the accuracy of ALB measurement was in the range 
of 90%–98%. The RSD for both ACR and ALB measurements were 

Figure 7. The color intensity of ALB–BTB (A) and CRE–alkaline picrate (B) at each range concentration of 10–100 mg dl−1 and calibration curves of ALB (C) and 
CRE (D). Condition for ALB measurement: volume of reagent was 2 µl; the sample volume was 4 µl; concentration BTB was 0.0008 M; reaction time was 10 minutes. 
Condition for CRE measurement: concentration of picric acid was 0.05 M; concentration of NaOH was 3 M; other conditions were similar to ALB measurement.

Figure 8. The relationship between Log ACR and the ratio of ∆intensity ALB/CRE. Condition: volume of reagent was 2 µl; the sample volume was 4 µl; concentration 
BTB was 0.0008 M; concentration of picric acid was 0.05 M; concentration of NaOH was 3 M; reaction time was 10 minutes; n = 3.
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less than 5%. These results suggested that the proposed method has 
relatively good accuracy and excellent precision, which is possible to 
be applied for practical applications in a clinical field.

CONCLUSION
Inexpensive, simple, fast, disposable, and affordable 

PADs were developed as an analytical tool used to determine 
the ACR in synthetic urine samples. The developed PADs can 
simultaneously measure ALB and CRE levels using a single 
microfluidic paper-based analytical device. In addition, this 
method allows a simple way to directly calculate the ACR, which 
can be possibly applied for early screening of nephropathy. In the 
future, this method should be examined for real urine samples 
since it can potentially be used as a medical diagnosis of a random 
urine sample without having to collect urine for 24 hours.
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