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ABSTRACT

 Simple, rapid, and low-cost dipstick test has been 
fabricated for the detection of dexamethasone adulteration in 
traditional herbal medicine (Jamu) for the joint-pain killer. The 
dipstick test has been constructed by immobilization of FeCl3 
and K3[Fe(CN)6] in cellulose acetate film as a sensing film 
toward dexamethasone. The sensing film changes its color from 
green to blue in the presence of dexamethasone. It has response 
time at 10 mins and good linearity in the range 0.5-75 µg/ml 
of dexamethasone with correlation coefficient (r) of 0.9997, 
with the detection limit, was 0.422 µg/ml. The dipstick tests 
have been successfully used for the detection of dexamethasone 
adulteration in jamu for the joint-pain killer, and the result 
demonstrated in good correlation with the UV spectrophotometry 
method. Thus, the dipstick test is simple, rapid, and low-cost; 
it can be used as an alternative method for the detection of 
dexamethasone adulteration in traditional herbal medicine.

1. INTRODUCTION
 Traditional herbal medicines are commonly used in 
Indonesia and other Southeast Asian countries, such as Malaysia, 
Singapore, Thailand, Philippines, etc. for the treatment of various 
illness, The popularity of traditional herbal medicine called Jamu 
in Indonesia can be attributed to its long-time use, availability, 
simplicity, and relative inexpensiveness compared to conventional 
synthetic medicines jamu is still very popular in rural as well as 
in urban areas1. Based on its traditional use jamu is being 
developed into a rational form of therapy, by herbal practitioners 
and in the form of phytopharmaceuticals. Jamu has acquired a 
potential benefit, both economically and clinically. We surveyed 
the most frequently used plants in jamu that have also been 
investigated regarding their constituents and pharmacological 
effects. The Indonesian government has divided the preparation 
of medicinal plants into three categories, i.e. jamu, standardized 
herbal medicines and fitofarmaka (phytomedicines,2). For example 
in Indonesia, jamu has been used for generations and linked 
to the cultural and traditional practices of most Indonesian 
people who therefore perceive the practice as their heritage and 
consider it as their local wisdom2. In this case, there is a common 
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perception among consumers since traditional 
herbal medicines are natural, therefore they are 
safe, harmless, and free from adverse side effects. 
Like other herbal medicine, jamu can also induce 
serious adverse side effects, such as phototoxic 
reactions, contact urticaria, allergic contact dermatitis, 
angioedema, and anaphylaxis3,4.
 These serious adverse side effects could be 
increased by many cases of contaminations or 
adulteration of herbal medicines with chemical 
synthetic drugs, e.g. corticosteroids5. In this case, 
herbal medicine formulations intended for anti-
inflammatory, anti-asthmatic effect, anti-allergic, etc. 
are most likely to be adultered with corticosteroids 
for faster action and affection6. Adulteration of 
herbal drugs with synthetic adulterants can lead to 
many complications including herb-drug interactions. 
Dexamethasone is one of the most frequently used 
adulterants in herbal formulation7the antibiotic 
Polymyxin B (PLX) because it gives immediate 
relief from allergic symptoms due to suppression 
of the immune system. Therefore, dexamethasone 
is the most used adulterant of jamu for the joint-
pain killer in Indonesia5. Moreover, dexamethasone 
being the cheapest of the corticosteroids, so that 
it is commonly used to adulterate herbal medicine 
preparations6.
 Commonly the adulterated dexamethasone 
in traditional herbal medicine is determined using 
chromatographic methods. Several works have been 
reported the use of chromatographic methods for 
the determination of the adulterated dexamethasone 
in traditional herbal medicine, such as HPLC8, 
UHPLC-Q-Orbitrap HRMS9, and LC-MS/MS10. 
However, these chromatographic methods are time-
consuming, destructive, expensive, need skilled 
personnel, and involving long procedure as well 
as used many toxic reagents4. Therefore, there is 
a need for a simple and rapid method as well as 
user-friendly for detection of dexamethasone 
adulteration in jamu as an alternative analytical 
method. 
 In this context, the objective of this work 
is to develop a simple and rapid method for the 
detection of dexamethasone adulteration in jamu, 
especially for the joint-pain killer. The dipstick 
test has been constructed by immobilization of 
FeCl3 and K3 [Fe(CN)6]

11 onto cellulose acetate 
film in acid condition as the sensitive reagents 
toward dexamethasone. The dipstick test results 

toward dexamethasone presence in jamu were 
compared with the UV spectrophotometry method 
for validation purposes. The results were used 
to prove that the dipstick test can be used as an 
alternative method for simple and rapid detection 
of dexamethasone adulteration in traditional herbal 
medicine (jamu).  

2. MATERIALS AND METHODS 

2.1. Dipstick test preparation 

 The cellulose acetate was prepared from 
a used film in photography (Fuji film, Japan) and 
it was activated by increasing the film porosity 
and de-esterification of the acetyl groups in the 
film. It was carried out by hydrolyzing the film, 
using a 0.20M KOH solution, and treating the 
film for 24 h. Afterword, the film was rinsed with 
double distilled water, then the film immersed in 
0.5% (w/v) polyvinyl alcohol solution (PVA), and 
it was found good enough for activation of the film12. 
 The sensitive reagent for dexamethasone 
was prepared by mixed FeCl3 (10% w/v, 20 mL) 
and K3[Fe(CN)6 solution (10% w/v, 5 mL) and 
then added with sulphuric acid (2M, 20 ml) equally 
as recommended elsewhere11. Afterward, the mixture 
was stirred until the green color product appears. 
The reagent solution was stored in a dark container 
and stored in a chiller condition for further use. 
 To immobilize the reagents on the film 
(10 mm× 5 mm) as a sensing area as shown in 
Fig. 1(a), it was treated with the reagents at an 
optimized concentration at room temperature (~25◦C) 
for 24h. Then, the film was dried, and afterword it 
was attached to the stick (white plastic sheet) using 
double tape. Finally, the dipstick test constructed 
was placed in sealed aluminum foil and stored in 
a chiller condition for further use. 

2.2. Sample preparation 

 Jamu samples for the joint-paint killer 
that did not have official registration from the food 
and drug administration, Republic of Indonesia 
(BPOM) were used as suspected real samples and 
purchased from the local jamu shop in Jember. 
A 1 gram of powdered jamu, was extracted with 
10 mL of methanol in water (methanol: water 1:2 
v/v).13 Afterword, the mixture was stored in a 
water-bath, shook, and heated at 70±2oC for 15 mins 
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using a shaker. The mixture was filtered through 
a filter paper (Whatman No. 41), and the filtrate 
was collected for further detection. While for UV 
spectrophotometry method13, then each filtrate of 
sample solution was filtered using PTFE filter 
(0.45 μm), to avoid any suspended particle that 
may present in a sample.

2.3. Dexamethasone detection 

 In general, standard dexamethasone solution 
or sample solution is taken by pipetted (3 mL) and 
transferred onto a small container, then the dipstick 
test was immersed.  Afterward, a flatbed scanner 
(CanoScan, LIDE 110, Japan) is employed to capture 
the color change with 300 dpi resolution using a 
color photo mode. Then the scanned color intensity 
(JPEG format) was calculated using the ImageJ 
program to generate the average value of the blue 
color. Here, the mean blue was selected as the 
response, since its color change from green to 
blue. For quantitative measurement, each mean 
blue value of standard dexamethasone solution or 
sample addition was subtracted with that of blank 
and presented as Δ mean blue. Hence, dexamethasone 
concentration in the sample was calculated using 
the calibration curve constructed from standard 
dexamethasone solution. All of the measurements 
were performed in triplicate. 
 To validate the developed dipstick method 
toward dexamethasone detection, It has been 
performed by measuring the precision and accuracy 
of dexamethasone detection in simulated jamu 
samples. Furthermore, the results of the dipstick 
method in the detection of dexamethasone in real 
samples were also validated using the UV spectro-
scopy as a reference method.
 The dexamethasone detection by UV 
spectrophotometric was performed based on the 
suggested method elsewhere13. Briefly, 100.0 mg 
dexamethasone were transferred to volumetric 
flasks (25 mL) and added with 15 mL of diluted 
methanol (methanol: water 1:2 v/v). Then they 
were ultrasonicated around 15 min and diluted 
with diluted methanol to the volume of flask. 
Afterword, the solutions were filtered via filter 
paper (Whatman No. 41). The double-distilled 
water was used to dilute the subsamples of the 
solutions to obtain 1000 µg/ml. as the final 
concentrations as a stock solution. A UV (Hitachi 

U2000®UV/VIS spectrophotometer, Japan) 
spectroscopic scanning was performed between 
200-400 nm with the blank solution to choose the 
maximum UV wavelength (λmax). Usually, around 
241 nm was found for λmax for dexamethasone 
detection in an aqueous solution. To distinguish 
the signal derived from dexamethasone and other 
component’s signal in the jamu extract, it has been 
performed by analyzing solutions containing all 
the components of the dexamethasone in jamu, 
except the jamu without dexamethasone (placebo). 
The system response was examined for the presence 
of interference that may present in jamu or overlaps 
with dexamethasone responses at 241 nm. 
Furthermore, the UV spectrometer as the reference 
technique was also validated for analysis dexame-
thasone in plant-derived samples as the precision 
and accuracy of dexamethasone analysis, while 
its linearity was validated using as the software of 
Validation Method of Analysis. The measurements 
were done using double distilled water as blank. 
All of the experiments were carried out in triplicate. 
The results of dexamethasone concentration in 
jamu samples detected by the dipstick test were 
compared with the UV spectrophotometry using 
the t-test 14, and the correlation between both methods 
was performed using analysis of correlation14.

3. RESULTS AND DISCUSSION
 The dipstick test for dexamethasone detection 
is based on oxidized dexamethasone by FeCl3  in the 
acidic condition and create Fe (II). Then, Fe (II) ion 
reacts with K3 [Fe(CN)6] (potassium hexacyanoferrate 
(III)) and produces bluish-green iron (II) ferricyanide 
complex (KFe[Fe(CN)6]).

11 The mechanism involved 
in the reaction of dexamethasone is two-electron 
oxidation of ketol side chain using Fe (III) as 
an oxidizing agent, where the dipstick test color 
change toward dexamethasone solution (10 µg/ml) 
from green to blue (Fig. 1(b)). 
 The effect of FeCl3 and potassium K3 [Fe(CN)6]  
as the sensitive reagents on the dipstick test response 
(Δ mean blue) were optimized toward 5 µg/ml 
dexamethasone. The reagent optimization was 
performed at the mixed reagent solutions at the 
concentration of 0.5 %; 1.0 %; 5.0% and 10%. 
Afterword, the sensitive films were attached to 
the dipstick test and tested with dexamethasone 
(5 µg/ml). The color change was captured using 
ImageJ to measure Δ mean blue value (Fig. 1(c)) 
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for each reagent concentration used. It was found 
that the concentration of the reagent at 10% was 
shown to give distinguish visual color change 
compared to other concentrations. The 10% (w/v) 
reagent concentration was used as an optimum 
concentration. The color reaction was performed 

at room temperature, however at high temperature 
(70oC) the developed color occurred more rapidly 
as also found in many chemical reactions that 
affected by temperature11. However, the room or 
ambient temperature was used for the simplicity 
of measurements. 

Figure 1. The dipstick test design (a) and the color change after reaction with dexamethasone (b) and 
 type of measurements for quantitative (c ) and semiquantitative (d)

 The optimization of the reagents immobili-
zation time has been performed by varying the 
time for immersing the film into the reagent solution. 
The time variation was within 30 hrs of observation. 
The sensitive film that has been impregnated with 
the reagent solution, then attached to the dipstick 
test and reacted toward dexamethasone solution 
(5 µg/ml). Here, the result was found that 24 hrs 
of immobilization time was the optimum time for 
the reagent immobilization in the film. This is 
because, at 24 hrs, the color change of the test 
when reacted toward dexamethasone solution was 
optimum, as no further drastic color intensity 
change after 24 hrs has been found. While for the 
time response was found that 10 min was optimum 
to show color change to the blue color toward 
dexamethasone solution. Since the Δ mean blue 
was relatively constant after 10 min. This response 
was faster compared to other methods11. Therefore, 
it was selected as the response time for further 
measurement.

 The dipstick test response toward various 
concentrations of dexamethasone under the optimal 
experimental parameters is shown in Table 1. It was 
found to be linear in the range between 0.5-75 µg/ml, 
with correlation coefficient (r) 0,9997. The sensitivity 
of the dipstick test was obtained from the linear 
curve slope, and it was found to be 0.4111 Δmean 
blue/(µg/ml) dexamethasone (n = 3). The limit 
detection was calculated from the three-time of 
the standard deviation of the response to the blank 
sample, and it was found to be 0.422 µg/ml, with 
a limit of quantification was calculated to be 
1,406 µg/ml. 
 The recovery test of the dipstick test in 5 
µg/ml dexamethasone measurement was performed 
by spiked individually with 30, 45, and 60% of 
dexamethasone solution15 and the recovery was 
found in the range of 99.978-101.144%, indicated 
that the dipstick test is accurate and show promising 
as an analytical tool for dexamethasone detection. 
While the reproducibility based on the six replicates 
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detection in three days showed the relative standard 
deviation (RSD), less than 0.196% values for each 

day, showing that the dipstick test has excellent 
precision16.  

Table 1. The dipstick test results toward various concentration of dexamethasone. 

 The preliminary study on the selectivity 
of the dipstick test is performed using other potential 
adulterants that may be used in jamu, using 5 µg/ml 
dexamethasone solution in the presence of others. 
Here, other adulterants using non-corticosteroid, 
such as mefenamic acid, paracetamol, antalgin, 
and corticosteroid, such prednisone were tested. 
The concentration of each adulterant used was 1, 
10, 100, and 1000 µg/ml with the 1:1 volume ratio 
toward 5 µg/ml dexamethasone was used. The result 
was found for non-steroid adulterants, such as 
paracetamol and antalgin gave interference at the 
lowest concentration ratio of 1:200, while mefenamic 
acid did not give any interference toward the dipstick 
test response The other corticosteroid, such as 
prednisone exhibited interference at concentration 
ratio 1:20. These adulterants exhibited interference 
when the Δ mean blue as the response was higher 
than 5%17. However, it would be difficult to use 
this method for the selective assay of several bulk 

corticosteroids simultaneously18. This test will 
also give a response to corticosteroids, such as 
prednisolone, prednisone, and hydrocortisone since 
they also show the blue color change. However, 
if no corticosteroids as adulterant present in the 
sample, the dipstick will not change the color.      
 The stability study of the dipstick test in 
two storage temperatures, such as room (25oC) 
and chiller (4oC) conditions, was conducted, its 
response towards dexamethasone (5 µg/ml) was 
observed every day, until more than 15% decrease 
from its initial response was found. Here, it was 
found that the response was decreased by more 
than 15% after 14 days at room temperature. 
While in the chiller, it was found that the response 
was shown to be preserved until 21 days. 
 The dexamethasone present in various 
jamu samples for the joint-paint killer has been 
detected using the dipstick test and the UV spec-
trophotometric method. In the case where UV 
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spectrophotometric method13 was used as the reference 
method, the linear range was achieved at the range 
0-75 µg/ml. with a linear equation was Abs = 
0.1116 + 0.0024[Dexamethasone], and correlation 
coefficient (r) 0.9999. The limit detection was found 
to be 0.369 µg/ml, with a limit of quantification was 
1.233 µg/ml. While reproducibility of dexamethasone 
analysis in plant-derived samples was 3.687% and 
recovery values were between 100.079-100.318%. 
This can be stated that the UV spectrophotometric 
method can be used as a reference method in this 
case. The results showed by the dipstick test were 
similar to the result obtained by the spectrophoto-

metry method (Table 2). Hence, It can be stated 
that the proposed method was in good correlation 
(r = 0.999) with the UV spectrophotometric method.  
The main advantage of the dipstick test as an 
analytical tool for the detection of the dexamethasone 
in jamu is a low-cost and rapid assay without losing 
sensitivity and accuracy. Furthermore, the dipstick 
test can be also used as a screening tool using 
a naked eye (Fig. 1(d)) that is suitable for field 
applications. Moreover, the use of very common 
chemicals like ferric chloride and sulphuric acid 
which can easily find in most laboratories makes 
this method very easy to be fabricated. 

Table 2. The result for the detection of dexamethasone adulteration in Jamu using the dipstick test and 
 UV Spectrophotometry.

4. CONCLUSIONS
 The dipstick test based on immobilized 
FeCl3 and K3[Fe(CN)6] onto cellulose acetate film 
was developed using colorimetric detection coupled 
with the scanometric method for dexamethasone 
detection in jamu samples. The response time 
was found in 10 mins that is faster than the UV 
spectrophotometric method, while dexamethasone 
concentration in jamu samples determined by both 
methods was in good agreement. Here, the reagent 
and sample solution used in the dipstick test for 
dexamethasone detection in jamu, was drastically 
reduced, including the operating cost for performing 
the analysis. Thus, the dipstick test can be used as 
an alternative tool for the detection of dexamethasone 
adulteration in traditional herbal medicine (jamu) 
using scanometric method or as a screening tool 
using a naked eye.
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