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ABSTRACT: A simple scanometric assay for antioxidant capacity of the herbal extracts has been developed based on
dry reagent of 2,2-diphenyl-1-picrylhydrazyl (DPPH) immobilized on the pharmaceutical blister. The deep violet color of
DPPH solution was regenerated by introducing methanol to each well as sensing zones. The antioxidant capacity of
plant extract will proportionally reduce the violet color to form the corresponding yellow color adduct, where the color
change was captured by a flatbed scanner. Then, the optical responses toward antioxidant are presented as an averaged
value of the red green blue (RGB) color using image color analysis (ImageJ). By using this color value, analytical
performance of the antioxidant sensor could be characterized, where it has a linear range between 1-28 mg/L as gallic
acid equivalent (GAE), with response time at 10 min. The reproducibility of the antioxidant sensor was good (RSD < 1%)
with the recovery value of 102-105%. The scanometric assay was applied to several herbal extracts, such as sappan wood,
guava leaf, and turmeric rhizome. The results obtained are in good agreement with the spectrophotometric method,
suggesting that the proposed assay can be used as an alternative method for antioxidant capacity determination.
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1 . INTRODUCTION
There are a great interest among general public, medical and nutritional experts, and health and food
science researchers to know the antioxidant capacity and constituents in the foods that we are consumed [1].
Antioxidant capacity is a widely used term as a parameter to characterize different substances and food
samples with the ability to scavenge or neutralizing free radicals. This capacity is associated with the
existence of compounds that capable to protect the biological system from dangerous oxidation [2]. There are
synthetic radicals which broadly used for determining antioxidant capacity in a spectrophotometry method,
such as 2,2’-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) [3], 1,1’-diphenyl-2-picrylhydrazyl
(DPPH) [4], and N,N-dimethyl-p-phenylendiamine (DMPD) [5]. Among these radicals, DPPH is one of the
most widely used due to its relative stability, sensitivity and the technically simple when conducting the
assay [6]. It has a deep purple color with showed maximum absorbance around 517 nm. The DPPH method
was firstly used by Blois [7] for measuring antioxidant activity of various substances. Then, some authors [4,
8, 9] developed the method for evaluating antioxidant activity of other substances, and antioxidant capacity
of plant extracts as well. Briefly, the method is based on the reduction of the DPPH radical (DPPH ●) by an
antioxidant (or antioxidants in a plant extract), which causes the radical to change color (mostly pale yellow
which indicates its reduced form, the diphenyl picryl hydrazine). The color change can be monitored by
using spectrophotometer at 515-520 nm [10] or by electron spin resonance (ESR) spectrometer [11, 12].
However, most DPPH studies employed spectrophotometer rather than ESR spectrometer.
The classic DPPH spectrophotometric method used a large volume of DPPH solution (1.0–5.0 mL) to
conduct the assay [13–18]. Later, the method was successfully done on the microplate reader by using
microwell plate as a sample probe [19]. By using this setting, the amount of DPPH and sample solution as
extremely reduced, while no significant different parameters (e.g. reproducibility, percentage recovery) were
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observed between microplate-based and cuvette-based method within intra-laboratory validation [20]. The
microplate-based is continuously used then by some authors as a high throughput screening for antioxidant
capacity [21–24].
Recently, optical sensors based on immobilized chemical reagents have gained more attention since
they were suited for rapid and low-cost screening applications. This technology was then adopted by some
authors to the DPPH-spectrophotometry, in which DPPH was immobilized on solid support matrices such
as polymer film [25–27] or glass microfiber [28] as a sensing probe. Briefly, the antioxidant assay was
conducted by dipping the DPPH-probe into a cuvette or a microwell containing buffer solution or methanol,
followed by sample (antioxidant or antioxidants) addition and incubation for a few minutes, and absorbance
read at 450-520 nm. Although the DPPH-probe-based methods showed a good response to numerous
antioxidants and were applicable to various beverages and plant extracts, however, they suffered from high
cost, laborious, and time-consuming synthetic-immobilization process. Moreover, since expensive analytical
instrument such as a spectrophotometer or microplate reader was used to conduct the assay, the sum of
operational cost is higher than the classical DPPH-spectrophotometric method. Therefore, the simpler and
cost efficient method has to be developed to overcome this problem.
In our previous work, the DPPH solution was immobilized as a dry reagent on a microplate well as a
sensing probe [29]. The antioxidant assay was simply performed by addition of ethanolic or methanolic
plant extracts to the DPPH-probe. Instead of spectrophotometer or microplate reader, the color change of
DPPH-probe as sensing area was captured by using a flatbed scanner. As antioxidant (s) reduced the violet
color of DPPH● to form the corresponding yellow color adduct, the color intensity change was quantitatively
measured by color image analysis using image processing programs like Photoshop or ImageJ. In
comparison, this probe-based, color image analysis technique known as scanometry has been used for
detection of various analytes such as dopamine [30], magnesium ions [31], lead ions [32, 33], thrombin, and
mercury ions [34].
On the other hand, the pharmaceutical packaging contributed the highest proportion (20-30%) of
plastic wastes in city hospitals in the USA [35], therefore, it is possible to use this material (e.g. the wasted
pharmaceutical blister pack) as a sensing probe for antioxidant assay. By reusing the blister pack as the
antioxidant sensor, it could reduce the plastic waste, which in turn, posing less negative impact on the
environment as depicted in the first principle of the green chemistry, where it is better to prevent waste than
to treat or clean up waste after it has been produced [36]. The pharmaceutical blister commonly consisted of
thermoformed plastic material with ten or twelve cavities as a drug container, and aluminum lid as a
covering film to protect the solid pharmaceutical dosage form, e.g. tablet, capsule, from oxygen or humidity
contact [36]. The plastic sheet was made from PVC by using high-temperature molding. It showed a
transparent property and its “well-like” cavities are suitable for colorimetric assay. The aluminum lid has to
be detached from the plastic sheet just before excluded the drugs from all cavities. In this regard, the current
work aimed to develop simple antioxidant sensors based on DPPH with a scanometry assay for antioxidant
determination in plant extracts. Here, the DPPH solution was immobilized as dry reagents [29] by a surface
coating on the blister sheet as the sensing probes. Then, the sensor was set up as scanometric assay to
determine the antioxidant capacity of several herbal extracts as in our previous work [29]. This is due to the
fact that a pharmaceutical blister has thinner dimension than a microwell plate. Thus, it is more suitable to
the scanometry assay since the scattering effect of ambient light is reduced. In addition, since scanometry
used an ordinary flatbed scanner to obtain analytical data, the power consumption was extremely low.
Hence, the operational cost of the proposed method was cheaper than spectrophotometer or microplate
reader-based method.
2. RESULTS AND DISCUSSION
2.1. Antioxidant sensor set-up
The dry reagent of DPPH as the main component of the antioxidant sensor in this work was fabricated
by a surface coating on the bottom of the blister well using DPPH solution. The immobilization of DPPH on
the bottom of each well was performed by solvent evaporation as described in our previous work [29]. Here,
the construction of the current DPPH-probe was simpler than our previous DPPH-probe, as the
pharmaceutical blister was used to substitute a micro-well plate as a solid support (Fig. 1). While other
DPPH-probes [25–28] employed many chemicals (e.g. plasticizer, surfactant, buffer) along with various solid
support matrices (e.g. polymer film, glass microfiber) and were constructed by high cost, laborious, and
time-consuming synthetic-immobilization process. However, in our approach, the developed DPPH-probe
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in this work was simple, low-cost, and eco-friendly. Moreover, since an ordinary document scanner (flatbed
scanner) was used in the developed method to obtain an analytical signal (i.e. scanometry), the sum of
operational cost is extremely lower than other DPPH-probe methods which employed UV-Vis
spectrophotometer or micro-plate reader to conduct the assay.

Figure 1. The immobilized DPPH as dry reagent (a); and the scanned immobilized DPPH after addition of
sample solution tested (b).

2.2. Sensing scheme
The sensing scheme of the developed optical sensor is laid on the basic mechanism of DPPH method
previously described by some authors [7–9]. The purple color of DPPH● at the sensing probe is reduced by
an antioxidant (AH) to the corresponding pale yellow hydrazine (DPPH●-H) as depicted in Fig. 2. In this
regard, DPPH● accepts an electron or hydrogen radical to become a stable diamagnetic molecule [39]. In
conjunction, it was known that phenolic acids (e.g. GA) can work as antioxidant either by donating a
hydrogen atom (often called as hydrogen atom transfer) [40] or performing as electron donors (often called
as single electron transfer) [41].

Figure 2. The reaction of DPPH radical with antioxidant (AH).

2.3. DPPH concentration
As the DPPH method was already known as one of many colorimetric assays, the proposed
antioxidant sensor also worked on the colorimetric-based principle. The color change of the sensor probe by
antioxidant addition, in this context, was depended on the concentration of DPPH and GA. Various
concentration of DPPH (100, 125 and 150 mg/L) were tested toward a serial concentration of GA (1-23
mg/L) to construct the calibration curve of GA vs. color intensity (∆RGB) of each DPPH concentration as
depicted in Fig. 3. Based on its linear correlation and slope, the concentration of DPPH at 125 mg/L was
selected as optimum DPPH concentration. At this DPPH concentration, the slope and coefficient correlations
(r) were found to be 1.865 and 0.998 respectively, which showed the highest values among other DPPH
concentrations (100 and 150 mg/L), as seen in Fig. 3. Thus, the DPPH concentration of 125 mg/L was
applied for further measurements.
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Figure 3. The calibration curve of GA towards color intensity using various DPPH concentrations (100, 125
and 150 mg/L).

2.4. Response time
By using GA at 15 mg/L concentration, the response time of antioxidant sensor was examined and
recorded every 2 minutes until the stable color intensity value was obtained. As shown in Fig. 4, after 10
minutes the color intensity was stabilized. Hence, the response time of sensor was 10 minutes and used in all
further measurements. In term of operating time, this result was comparable with that obtained by another
DPPH-probe method, where caffeic acid (CA), ferulic acid (FA), and GA at a similar concentration (1 mM)
gave visible color change within 10 minutes of exposure in the well plate set-up. However, longer operating
time ( 15 minutes) was observed by using a lower concentration of GA (0.1 mM), which is equal to the
concentration of GA in recent work. In comparison, the developed sensor showed faster operating time
compared to the conventional microplate-based [22, 23] and DPPH-probe methods [28], since in both
methods the absorbance reading was done after 30 minutes. While another conventional microplate-based
method [24] took similar operating time as in our developed method, however, it was suffered from cosolvent and buffer addition.

Figure 4. Response time of the antioxidant sensor towards GA (15 mg/L).

2.5. Antioxidant determination
In the current work, the calibration curve of GA was constructed by plotting concentration of GA vs.
color intensity (∆RGB) as sensor response, as it can be seen in Fig. 5. The linear range of GA was observed in
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the range of 1-28 mg/L with the coefficient correlation (r) of 0.997. The detection limit (LOD) of the
antioxidant sensor, which is deﬁned as the concentration of GA producing a signal equal to the blank signal
plus three times its standard deviation which was 1.208, was calculated to be 1.725 mg/L. The
reproducibility of the sensor response was tested toward 16 mg/L of GA solution, as depicted in Table 1.
Here, the RSD value of sixth replication was lower than 1 %, which indicates the developed method has
good reproducibility [42].

Figure 5. Sensor response towards GA (1-28 mg/L) (n=3).
Table 1. The antioxidant sensor response towards 16 mg/L of GA in simulated samples (n=6).
Sample
Blank
1
2
3
4
5
6

RGB
79.45
116.83
116.276
116.388
116.551
115.925
116.054
Mean
RSD (%)

ΔRGB
37.380
36.826
36.938
37.101
36.475
36.604
36.887
0.895

2.6. Selectivity
In order to demonstrate the selectivity of the antioxidant sensor, a study on the effect of potential
interference in measuring antioxidant activity was carried out. Oxalic acid, an organic acid naturally found
in the plant was chosen as interfering substance since it was recognized as natural antioxidant in
thiobarbituric acid reactive substance (TBARS) method [43]. Here, the influence of oxalic acid addition at
different ratios (1:1, 1:12, and 1:40) on the antioxidant determination of simulated sample (25 mg/L of GA)
was investigated. Results showed that addition of oxalic acid at 1:40 ratio concentration of GA gave 5%
interference to the sensor signal as depicted in Table 2. However, to the best of our knowledge, the high
concentration of oxalic acid (1000 mg/L) never found naturally in a plant sample.
In addition, as inorganic salts can affect the antioxidant activity in DPPH method, their natural
existence in certain plant samples can be thought as a potential interference in antioxidant capacity
determination. In this regard, ferric chloride was chosen as interfering substance in the similar setting as
oxalic acid. The addition of ferric chloride at 1:1 ratio gave 4 % of interference of antioxidant measurement as
it can be seen in Table 2. In comparison, the corresponding iron salts, i.e. FeCl 2 and Fe(NO3)3 at a similar
concentration (25 mg/L) showed DPPH quenching activity at 47 and 14 % respectively in a conventional
spectrophotometry method [44]. Thus, it can be deduced that iron salts were potential interferer in
antioxidant measurement using the DPPH-based method.
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Table 2. The antioxidant sensor response towards 25 mg/L of GA and various interfering substances
addition at different concentration ratios.
Sample
Blank
GA (25 mg/L)
GA + Oxalic Acid (1:1)
GA + Oxalic Acid (1:12)
GA + Oxalic Acid (1:40 )
GA + FeCl3 (1:1)
GA + FeCl3 (1:12)
GA + FeCl3 (1:40)

Mean RGB
79.365
127.756
126.310
123.332
121.284
122.301
101.963
81.203

ΔRGB
1.446
4.424
6.472
5.455
25.793
46.553

Interference (%)
1.132 %
3.463 %
5.066 %
4.270 %
20.189 %
36.439 %

2.7. Recovery
To evaluate the performance of the proposed method in antioxidant determination, a simulated
sample containing 12 mg/L GA was analyzed using antioxidant sensor by standard addition method as
recovery test described by Huber [45]. After individual addition of 15, 17, and 20 mg/L of GA to represent
30, 45, and 60% of initial GA concentration, the recovery of GA was found to be in the range 100–102% as
depicted in Table 3. This ﬁnding suggested that the proposed assay is accurate and has a great potential for
determining antioxidant in plant extract samples.
In addition, the stability of the blisters with DPPH was found within 6 months of study, it was still
show good response as antioxidant sensor. This is due to the fact that the DPPH was immobilized on the
blister in a dry condition (dry reagent), sealed with aluminum foil, and stored in in chiller condition (~4 oC).
Thus, it will remain stable as long as the seal was not opened or broken and no contact with the ambient
light.
Table 3. The recovery of GA (%) in simulated samples that obtained by standard addition using the
antioxidant sensor.
Initial GA
conc.(mg/L)
12.125
13.625
14.937

After 30% addition
GA conc.
Recovery (%)
(mg/L)
15.650
100.714
17.796
104.275
19.533
102.133
102.747

After 45% addition
GA conc.
Recovery (%)
(mg/L)
17.709
101.527
20.011
106.433
21.695
103.969
104.286

After 60% addition
GA conc.
Recovery (%)
(mg/L)
20.075
106.000
21.695
103.969
23.945
100.089
102.064

2.8. Application of antioxidant sensor on the plant extracts
In order to demonstrate the practical use of the antioxidant sensor, various herbal extracts from
various parts of the plant were employed, such as sappan wood for bark extract, guava leaf for leaf extract,
and turmeric rhizome for roots extract. Here, the herbal extracts were intentionally chosen not only by the
apparent color of the tested solutions (i.e. red, green, yellow) but also to represent various parts of the plant
used as traditional herbal medicine as exemplified on The Indonesian Herbal Pharmacopoeia [46].
While the developed antioxidant sensor was characterized with GA, the obtained antioxidant capacity
of the tested herbal extracts can be validated by comparing with the antioxidant activity of GA since this
approach was done in many studies [47–50]. Using the standard calibration curve of GA obtained by
scanometry technique, the antioxidant capacity of each extract was calculated and expressed as gallic acid
equivalent in mg/L (mg/L GAE) as described in our previous work [29]. Afterward, the results were
compared with that obtained from the DPPH-spectrophotometry method. As seen in Table 4, no
significantly different results were observed between two methods on the antioxidant capacity
determination. Therefore, the proposed method was in good agreement with the standard
spectrophotometric method, and it can be an alternative method for antioxidant capacity determination of
the herbal extracts.
In addition, in term of fabrication of the proposed method (DPPH blister-scanometric assay)
demanded a lower cost than the DPPH-spectrophotometric method, since it employed the used
pharmaceutical blisters and use lower concentration of DPPH (125 mg/L) with small volume (300 µl)
compared to the cuvettes or microwell plates (0.004%, 1-3 mL). Hence, each well of the blister will be around
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37.50 µg that is lower compared to 40 µg of DPPH in cuvette for 1 ml, or even more if it used above 1 mL.
Furthermore, in term of the operational cost was also lower as a flatbed scanner used to obtain analytical
signals compared to the UV-Vis spectrophotometer or the microplate reader.
Table 4. The result of antioxidant capacity determination (mg/L GAE) of various herbal extracts
determined by the antioxidant sensor and the UV/Vis spectrophotometer (n=3, α=0.05).
Sample extracts
Sappan wood #HS01 (10% w/v)
Guava leaf#HS02 (10% w/v)
Turmeric rhizome #HS03 (0.1% w/v)

Antioxidant sensor with
scanometry
20.31 ± 0.09
23.59 ± 0.51
22.62 ± 0.05

UV/Vis
Spectrophotometer
21.33 ± 0.70
23.61 ± 0.14
22.79 ± 0.10

Sig. value (p)
0.066
0.956
0.056

3. CONCLUSION
Simple scanometry assay for determination of antioxidant capacity has been developed based on dry
reagent of DPPH immobilized onto blister pack. The antioxidant sensor had a linear range of 1-28 mg/L
with LOD at 1.725 mg/L, and it was found to be reproducible, accurate and selective for antioxidant assay.
The proposed assay was comparable with the standard spectrophotometric method and was found to be
rapid, easy to operate, low cost and reliable to be used as an alternative method for antioxidant capacity
determination in the herbal extracts. Moreover, since the sensor was constructed by using blister of the tablet
pack waste, it also helped to reduce pharmaceutical plastic waste, which in turn, posed a low impact on the
environment.
4. MATERIALS AND METHODS
4.1. Chemicals
Gallic acid (GA) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were obtained from Sigma–Aldrich
(USA). Oxalic acid and methanol were purchased from Merck (Germany). All chemicals were of analytical
reagent grade and were used without further purification.
4.2. Herbal sample preparation
Several herbal samples, such as sappan wood (Caesalpinia sappan L., #HS01), guava leaf (Psidium
guajava L., #HS02), and turmeric rhizome (Curcuma domestica Val., #HS03), were obtained from the local
market at Jember, Indonesia and were used as the real samples. These herbal samples were authenticated by
our herbalist (Ms. Indah Yulia Ningsih) and deposited at Pharmacognosy Laboratory, Faculty of Pharmacy,
University of Jember. Herbal samples were air dried, ground, and pulverized until their particle size freely
passed through sieve #100. All herbal powder were extracted using a method described in our previous
work [29] with slight modification. Here, the dried herbal powder (0.5 g) was extracted with methanol (50
mL) for an hour at 30°C using an ultrasonicator (Elmasonic S180H, Germany). The extracts were then
centrifuged at 2,500 rpm for 30 min. Afterward, the supernatants were separated and stored in well-capped
tubes prior to antioxidant test at room temperature.
4.3. Antioxidant determination by spectrophotometry
The standard spectrophotometry DPPH method, following the previous work [37] with slight
modification was used for measuring the antioxidant capacity of plant extracts. In the current work, 200 µL
of sample solution (diluted extract) was mixed with 800 µL of 0.004% DPPH solution in a cuvette and after
30 min absorbance of the mixture was read at 515 nm. The antioxidant capacity was expressed as gallic acid
equivalent in mg/L (mg/L GAE), based on the obtained antioxidant activity of GA from calibration curve
with a similar condition.
4.4. Sensor fabrication
Single pharmaceutical blister sheet containing ten round-shaped with flat bottom cavities was
obtained by collecting from the tablet waste (Tempo Scan Pacific, Indonesia). Before, it used, the well was
obtained simply by detaching aluminum lid from the plastic sheet. The plastic sheet was then cleaned and
washed with distilled water and methanol consecutively prior to the construction of the sensing probe. Each
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cavity or well which served as a solid support for the immobilized reagent had an internal diameter of 14
mm and internal volume of about 400 µl. (Fig. 1).
A solution of DPPH in methanol at various concentrations (100, 125, and 150 mg/L) were transferred
(300 µl) into wells in the blister as the sensing probe. The solvent was then evaporated under a mild
condition at room temperature to construct the dry reagent of DPPH as an antioxidant sensor. Afterward,
the antioxidant sensor was ready to be used. For long-term use and avoid photodecomposition of DPPH, the
antioxidant sensor was sealed with aluminum foil (Fig.1) and stored in chiller condition (~4 oC).
4.5. Measurement Procedure
The measurement of the analytical parameter is obtained from the circle area on the bottom of DPPHprobe as the average area of the sensing zone captured as the color change before and after reacting with the
extract contained in the sample. For the simple setting and reproducibility reason, the color change of the
sensor was captured using a flatbed scanner (CanoScan, LIDE 110, Japan). The scanning resolution of 300
dots per inch (dpi) was applied for image scanning. The color intensity was then analyzed with ImageJ
program for Windows.
Since the single color image is constructed from three primary colors: red, green, and blue; thus the
digital color images are in the red green blue (RGB) format. If all of the colors are bright at the same
intensity, then the color is white. If only red is bright, then the color is red, and so on. In a single RGB image,
three layers of different images are overlaid [38]. In this work, the calculated color intensity values (∆RGB) of
sensors were obtained by subtracting the color intensity value (mean RGB) of the DPPH solution (control)
with the color intensity value (mean RGB) of the tested sample. All of the experiments were carried out in
triplicate measurements.
4.6. Optimization study
In order to ﬁnd the optimum DPPH concentration that gives best calibration curve in term of its linear
correlation (r), the gallic acid (GA) was used as a standard solution. GA solution was added in different
concentration (1, 5, 8, 10, 15, and 23 mg/L), to each well with 300 µl of methanol and 75 µl of GA solution
were added. After 10 min, the color change of each well was quantified using the measurement procedure,
where the calibration curve can be constructed.
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