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An Antioxidant Capacity Assay Using a Polyvinyl Alcohol-Based DPPH Pellet
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To assay for antioxidant capacity of natural products considered important in producing human health benefits, a
practical and economical method using pellet techniques was developed. A standard visualizing reagent, 1,1diphenyl-
2-picryl-hydrazyl (DPPH), was mixed with a water-miscible polyvinyl alcohol (PVA), serving as a solid phase support
for the DPPH reagent. A DPPH pellet was prepared by dropping a small volume of the DPPH solution onto PET film,
and drying in an oven. The PVA-based DPPH pellet was dissolved into water, in which the water-miscible PVA plays
as a non-ionic surfactant to help the DPPH reagent to be dissolved into the solvent. Using the DPPH assay, the antioxidant
capacity of water-soluble extracts of black soybean, barley, green tea, and green gram was examined. Among the natural
products tested, green tea showed the highest antioxidant capacity. This PVA-based DPPH antioxidant assay can be
further applied in the natural food, raw plant material, and health product inspection field.
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Introduction

Although human skin is equipped with a system to defend
against potentially harmful reactive oxygen species (ROSs),
produced primarily by normal or abnormal aerobic metabolism,
breakdown of the skin’s defensive system from exposure to
ultraviolet light can lead to aging and malignant skin tissues.'
ROSs are typically removed from skin cells or directly inactivat-
ed by a variety of antioxidants, substances capable of delaying
or preventing oxidation of an oxidizable substrate present in
cells. Removing ROSs by eating antioxidant-rich foods or apply-
ing antioxidant substances directly to the skin via cosmetic
lotions can minimize oxidative stress-induced skin damage.2

Isoflavones, catechins, and proanthocyanidins are antioxid-
ants commonly extracted from plants, such as black soybean,
green tea, herbs, and vegetables. Antioxidants used in food or
as cosmetic ingredients can offer health benefits. Depending
on a specific antioxidant’s properties and the ingestion or app-
lication method, different assay methods to measure antioxidant
effects have been developed, including the ferric reducing anti-
oxidant power (FRAP) assayf’5 total radical-trapping antioxi-
dant parameter (TRAP) assay,4'6 oxygen radical absorbance
capacity (ORAC) assay,s’7 ABTS (2,2"-azinobis [3ethylbenzothia-
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Figure 1. Chemical structure of the DPPH radical.

zoline 6-sulfonate]) assay,5 and DPPH (1,1-diphenyl-2-picryl-
hydrazyl) e1ssay.5’8’9

DPPH is a stable free radical with an unpaired electron at one
nitrogen atom on a nitrogen-nitrogen bridge (Fig. 1). Various
antioxidant DPPH assay approaches were introduced using
high-throughput and on-line high performance liquid chromato-
graphy (HPLC) technique, which is especially useful to assay
concurrently antioxidant activity of each of interesting multi-
components present in a sample.'”'' However these methods
require use of expensive analytical facilities like an on- line
HLPC system and a specific readout apparatus, which makes
a single assay expensive. To evaluate a more practical and
economical protocol for rapid assaying overall antioxidant ca-
pacity of extracts of a natural product we tested an antioxidant
assay method where the visualizing standard reagent DPPH
was a solid-state pellet. The pellets were produced by mixing
DPPH and a water-miscible polyvinyl alcohol (PVA). After
developing an assay using the PVA-based DPPH pellet, the
antioxidant capacity of water-soluble extracts of some natural
products was examined.

Experiment

DPPH pellet preparation. A 1 mM DPPH standard solution
was prepared by dissolving DPPH (Fluka) in ethyl alcohol
(EtOH). DPPH pellets were prepared by mixing equal volume
of the DPPH solution and 5% PV A 500 (Duksan Pure Chemi-
cal Co.). A 400 pL drop of the solution was placed onto PET
film (Fig. 2a), and dried in an oven (J-NDS-1, JISICO) for 30
min at 90 °C. After drying, each DPPH pellet was excised and
used in a DPPH antioxidant assay (Fig. 2b).

Standard test solution and calibration curve development.
For the DPPH standard solution assay, a stock vitamin C solu-
tion (Duksan Pure Chemical Co.) was dissolved into EtOH at
the final concentration of 100 ppm. The solution was further
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Figure 2. Preparation of PVA-based DPPH pellet: (a) spotting a drop of
DPPH solution onto PET film; (b) detaching a dried PVA-based DPPH
pellet.

diluted with EtOH into test concentrations of 1, 2, 3, 4, and
5 ppm. A portion (1 mL) of each diluted solution was mixed
with an assay solution which was prepared by spiking 200 pL
DPPH to 1 mL EtOH. Ultraviolet (UV) radiation absorbance
(at 519 nm wavelength) for each test concentration was recorded
triplicate using a UV-VIS spectrometer (MACASYS CORP.
OPTIZEN 3220UV).

For the DPPH pellet assay, PVA-based DPPH pellets were
dissolved in water (1.2 mL). After addition of the DPPH solution
to the diluted vitamin C solutions described above, UV absor-
bance (at 519 nm) for each test concentration was recorded re-
plicate.

Measurement of antioxidant capacities of natural products
using the DPPH pellet method. Extracts of natural plant pro-
ducts from black soybean, barley, green tea, and green gram
(also known as mung bean) were prepared by incubating 2 g
of plant product powder in water for 2 h at 60 °C, gently rotating
the solution in a rotary evaporator, and centrifuging the final
product (13,000 rpm, 2 min). The supernatant from each extract
was freeze-dried (PVTFD30A, Ilshin Corp.) and stored for later
analysis. A portion (0.1 g) of each dried extracts was dissolved
with EtOH to be 1000 ppm concentration. The final extract
solution (1 mL) was mixed with a PVA-based DPPH pellet
dissolved in 1.2 mL of water. UV absorbance (at 519 nm) for
each sample was recorded triplicate.

Results and Discussion

Calibration curves in assay by solution and pellet methods.
Because the accuracy of the DPPH assay can be influenced by
experimental variables involving radical-scavenging reaction
efficiency and sample conditions, such as DPPH concentra-
tion, composition of solvents, incubation time, and pH of the
reaction mixture, we first constructed calibration curves using
the standard solution and pellet methods. Table 1 shows UV
absorbance variations from increasing concentrations of vita-
min C antioxidant solution using the standard DPPH solution.
Experimental results were also graphically analyzed (Fig. 3).
A high degree of linearity was observed across the range of
vitamin C concentrations. Results obtained using the pellet
method (Table 2) also exhibited a high degree of linearity across
the range of vitamin C concentrations (Fig. 4). However, ab-
solute absorbance values measured using the pellet method
are significantly different from those of the standard solution
method, which is further discussed in the following section.
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Table 1. Variation of UV absorbance with concentration of vitamin C
using the standard solution method

Vitamin C concentration (ppm)  Absorbance RSD (%)
0 0.897 1.8
1 0.803 2.8
2 0.693 2.1
3 0.604 6.6
4 0.501 33
5 0.374 33

Table 2. UV absorbance for increasing vitamin C concentrations
using the pellet-based method

Vitamin C concentration (ppm)  Absorbance RSD (%)
0 0914 3.9
1 0.662 1.6
2 0.555 4.8
3 0.444 6.4
4 0.368 3.9
5 0.277 6.6
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Figure 3. Plot of UV absorbance vs. vitamin C concentration obtained
using the standard solution method.
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Figure 4. Plot of UV absorbance vs. vitamin C concentration obtained
using the pellet-based method.

Validation of the pellet method by calibration curve analysis.
Absorbance values of the various vitamin C concentration solu-
tions obtained from the pellet method were compared with
those obtained from the standard solution method. The spectro-
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Figure 5. Comparison of UV absorbance variations from increasing
vitamin C concentrations for the two assay methods: 4 represent data
for the standard solution method; m represent data for the pellet-based
method.
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Table 3. EDA values of vitamin C concentrations measured by the
standard solution and pellet-based methods

Vitamin C Solution method Pellet method
concentration (ppm) Apsorbance EDA, (%) Absorbance EDA, (%)
0 0.897 - 0.914 -
1 0.803 10.48 0.662 27.57
2 0.693 22.74 0.555 39.28
3 0.604 32.66 0.444 51.42
4 0.501 44.15 0.368 59.74
5 0.374 58.31 0.277 69.69

Table 4. Corrected EDA values of water-soluble extracts of each plant
product measured by the pellet-based method

o Natural product Absorbance RSD (%) EDA. (%)
eol Black soy-bean 1.341 6.0 46.74

3 y=11104x=21.34 4 Barley 1.163 9.6 27.22

5 R"=0.9876 Green tea 2.565 7.6 73.69

E 4 Green gram 1.188 4.4 30.03
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8 bance values obtained using the pellet method is necessary to
10f accurately measure the antioxidant capacity of a sample.
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Figure 6. Relationship between EDA and EDA,, values obtained by
the solution and pellet-based methods, respectively.

photometric total absorbance (Aora) measurement for a sample
can be expressed as:

Atotal = Af-r + An-r + Am (1)

where At represents absorbance by free radicals of DPPH,
A, represents the non-radical forms of DPPH generated by
the addition of an antioxidant solution, and A, corresponds to
a sum of absorbance factors due to solvent composition and
the multiple minor components dissolved in the assay solution
(e.g., PVA in the pellet method). We assumed that differences
in the concentration terms Arrand A, between the two methods
was not significant. However, differences between the concentra-
tion term A, for the two methods can be significant, because
we assumed that A, in the pellet method would be affected by
acomponent (e.g., PVA) added in the pellet preparation process.
The presence of PVA dissolved into the sample solution from
the pellet can increase the solubility of DPPH reagent owing
to the role of PVA as a non-ionic surfactant and thus affect UV
absorbance measurements. Additionally, the different solvent
compositions used in the two methods can affect absolute ab-
sorbance measurements. A solvent composition including water
was used for the pellet-based DPPH assay, so it was anticipated
that absolute absorbance values obtained using the pellet method
would be significantly different from those obtained using the
standard solution method (Fig. 5). Proper correction of absor-

dant substance. Electron-donating ability (EDA) of an antioxi-
dant can be calculated from spectrophotometric absorbance
value measurements as:

EDA (%) = @
{(Ainitiat DPPH ~ Affinal DPPH) / Alnitiat ppPE} X 100

where Ainiial pppu represents the absorbance of DPPH solution
with no antioxidant substance present, and Afina prpH represents
the absorbance of DPPH solution after adding an antioxidant
substance. EDA values for each test concentration of vitamin
C obtained from each of the two methods differed (Table 3),
so it was necessary to apply a correction to the pellet-based
EDA (EDA,) values. The relationship between the two data
sets is shown in Figure 6, and a corrected value (EDA.) for
EDA, is calculated as:

EDA.=1.11 x EDA, - 21.34 (3)

Application of the DPPH pellet method for measuring anti-
oxidant capacity. Among the many natural plant products known
to have beneficial effects on human health, black soybean,
barley, green tea, and green gram were selected for this study
to measure their antioxidant capacities using the DPPH pellet
method. Water-soluble extract of green tea exhibited the highest
antioxidant capacity of the extracts tested (Table 4). Green tea
is known to contain high levels of antioxidant components such
as catechin (a polyphenolic antioxidant), and has been shown
to provide various health benefits, based on extensive studies
in humans and animals.'>"* The DPPH antioxidant assay using
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PVA-based pellets offers a simple and practical method for
measuring the antioxidant capacity of natural products.

Conclusions

A practical and economical assay method for antioxidants
using a PVA-based DPPH pellet was developed. Because the
PVA polymer is used as a solid phase support for the DPPH
reagent in the pellet and the PVA-based pellet has been pre-
formulated, the assay process could be further simplified. The
easy handling and facile nature of the pellet method can play
an important role in the rapid assay of a large number of samples.
Thus, this method may serve as a useful assay tool in the natural
food, raw plant material, and health product inspection field.
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