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Abstract Many methods are used in the measurement of antioxidative capacity. These meth-
ods require very complex procedures and pretreatment. Our suggestions for research will be
simple and accurate methods for obtaining many kinds of samples, especially colored samples
such as natural product extracts for measuring antioxidative capacities. For oxidation-reduction
potential (ORP) system value, we examined the relationships between the ORP-pH system and
the ORAC, FRAP methods. To evaluate ORP System value, we calculated the absolute
slope/intercept from the linear regression of each standard material at different concentrations
and ORP-pH system, and compared the correlations with ORAC and FRAP values.
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INTRODUCTION

Oxidative stress is one of the most important factors in
human health, causing many diseases due to the presence
of free radicals [1,2]. Generally, triplet oxygen is useful
for breathing, but oxygen is turned into free radicals by
physical, chemical and environmental factors with en-
zyme system, reduction metabolism, chemical substances,
pollutants and phytochemical reactions [3,4]. The free
radicals formed include superoxide radical (O,), hydroxyl
radical (‘HO), hydrogen peroxide (H,0,) and singlet oxy-
gen ('0,). These reactive oxygen species (ROS) mainly
attack unsaturated fatty acids in the brain, liver and WBC,
and decrease immune system activity [5]. Therefore, an-
tioxidants are required in our body for the purpose of
scavenging these free radicals. Natural antioxidative prod-
ucts can act as good antioxidants according to the prop-
erties of their own pharmaceutical characters. Some sim-
ple, accurate methods for measuring antioxidative capac-
ity are necessitated in this case. Current methods used for
measuring antioxidative capacity include: DPPH method
{6], ORAC method [7,8], FRAP method [9,10], D.O.
analysis method [11], Hydroxy radical scavenging method
[12-14], and measurement of aromatic and phenolic
compounds [15].

But, the defects of all these methods except D.O.
analysis method are inaccurate for colored sample when
using spectrophotometer, and complexity because these
methods are required so many kinds of reagents for the
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reaction. D.O. analysis method is the only method for
using colored sample, but linoleic acid is so expensive.
ORAC method is so time-consuming and FRAP method
has a weak point at unstable color after reaction. DPPH
method is required for pretreatment of the samples like
heating. Shortly, all these methods are complex, time-
consuming, and require pretreatment of the sample. We
want to suggest a new, modified ORP (oxidation reduc-
tion potential)-pH system, and compare this to the oxy-
gen radical absorbance capacity (ORAC) and the ferric
reducing ability of plasma (FRAP) methods. Because ORP
value represents an activity level of electrons [16,17], it is
applicable to the determination of the degree of oxidation
or reduction. Since it also represents the concentration of
electrons, it is possible to measure the antioxidative ca-
pacity owed to evaluate the degree of oxidation and the
reduction of materials [18-24].

For establishing the new method, standard materials
were needed. Ascorbic acid was used as a water soluble
standard; butylated hydroxy anisole (BHA), butylated
hydroxy toluene (BHT), and a-tocopherol were utilized
as fat soluble standard materials. Each standard material
was prepared as 100, 50, 25, 10, 5, and 1 mM solution.
We calculated the ORP system value, which can be ob-
tained (absolute value of slope/intercept) from the linear
regression of the ORP value vs. pH. For the purpose of
generalization, we have established the correlationship
between ORP-system value and ORAC value, and be-
tween ORP-system value and FRAP value. From these
relationships, we attempted to calculate more accurate
antioxidative capacity values for colored samples, espe-
cially natural products, for which we cannot obtain anti-
oxidative capacity values from a spectrophotometer, due
to their natural color.



Biotechnol. Bioprocess Eng. 2004, Vol. 9, No. 6

MATERIALS AND METHODS
Reagents and Apparatus

ORP values were measured with an ORP meter (pH/
ISE 750P; Istek, Seoul, Korea). For measuring ORAC
and FRAP values, fluorescence spectrophotometer (RF
5301, Shimazu, Tokyo, Japan) and UV-spectrophotometer
(UV-2101PC, Shimazu, Tokyo, Japan) were used, re-
spectively. Ascorbic acid, BHT, BHA, and a-tocopherol,
obtained from Sigma chemical company, were used as
standard substances.

Preparation of Standard Substances

Ascorbic acid was dissolved in water. BHT, BHA and
a-tocopherol were dissolved in ethyl alcohol. Six concentra-
tions for each standard substance were prepared for ORP
values: 100, 50, 25, 10, 5, and 1 mM.

Measurement of ORP Values

ORP values were measured at pHs ranging from 1.0 to
14.0.5 M, 1.0 M, 10 mM, and 1 mM of NaOH and HC]
were used for changing pH [18].

ORAC Method

Area under curve (AUC) was evaluated using 6-hyd-
roxy-2,5,7,8-tetramethylchloroman-2-carboxylic acid (Tro-
lox) as a standard solution, B-phycoerythrine (B-PE), and
a indicator protein, H,O, + Fe™ as free radical generator,
with fluorescence spectrophotometer values from 565 nm
(emission) to 540 nm (excitation) for every 5 min until
absorbance approached 0 (zero) [7,8]. ORAC value was
calculated using the formula:

ORAC value = k(ssample_Sblank)/(Strolox_Sblank)
k: dilution factor, S,,.: AUC for Sample,
Spianc: AUC for Blank, Sy, AUC for Trolox

FRAP Method

FRAP solution was prepared with TPTZ (2,4,6-tri(2-
[pyridyl]-s-triazine), ferric chloride (FeCl;- 6H,0), ace-
tate buffer and water, and was mixed with the sample.
Absorbance was measured at 593 nm with the spectro-
photometer. A standard curve was drawn with FeSO,
‘7H,0 and the FRAP value was calculated according to
[9,10].

Relationships Among ORP System Values, ORAC
Values, and FRAP Values

We defined ORP system value is defined to express
strength of antioxidative capacity by the absolute slope
value/intercept value from the linear regression of ORP
values against the varying pH with each concentration of
standard solution, such as ascorbic acid, BHA, BHT and
a-tocopherol. The correlation between ORP system values
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Fig. 1. Relationship between pH and ORP values (4: boundary
of oxidizing decompositions of water (ORP = 1,23~0.059 pH),
M: boundary of reducing decompositions of water (ORP =
-0.059 pH), A: pure water (ORP = 0.84~0.047 pH)).

and ORAC values, and between the ORP system values
and the FRAP values at different standard concentration
was examined.

RESULTS AND DISCUSSION

ORP Values of Standard Substances with Each
Concentration

ORP values of standard substances with each concen-
tration were located within the reduced system bounda-
ries. With increasing concentration, ORP values shifted
for the reduced system boundaries (Fig. 1). Absolute
slope value, intercept values, and ORP system values
from the linear regression of pH-ORP system are shown
in Table 1, according to each concentration of standard
substances. Fig. 2 shows the correlation between ORP
system value and the concentration of each standard sub-
stance. Since the correlations were more than 12 = 0.97,
ORP system values can be used to express antioxidative
capacity using the pH-ORP system.

Relationship Between ORAC Values and ORP System
Values

The relationship between ORAC values and ORP sys-
tem values from the evaluation of ORAC value with vary-
ing concentrations of standard substances is shown in Fig.
3a. Because the correlation coefficient between ORAC
values and ORP system values was more than 0.97 for
each standard substance from Fig. 3b, ORP system val-
ues were assumed to express ORAC values.
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Table 1. Absolute values of slope (a), intercept (b), and ORP system values from linear regression (y = ax + b) of each standard

material, applied pH-ORP system

Standard materials Ascorbic acid BHT BHA a-tocopherol
Concentration (mM) B c a b c a b c a b c
100 0.1683 0.2035 0.8275 0.0495 0.3683 0.1344 0.0493 0.345 0.1429 0.0542 0.4424 0.1344
50 0.1071 0.2307 0.4642 0.0487 0.3811 0.1278 0.0472 0.3584 0.1317 0.0525 0.4272 0.1284
25 0.0710 0.2497 0.2825 0.0476 0.3826 0.1244 0.0456 0.3622 0.1259 0.0501 0.4053 0.1253
10 0.0327 0.1895 0.1728 0.0464 0.3791 0.1224 0.0382 0.3116 0.1226 0.0497 0.3966 0.1236
5 0.0298 0.2159 0.1380 0.0441 0.3624 0.1217 0.0361 0.2974 0.1214 0.0483 0.3762 0.1229
1 0.0222 0.2018 0.1100 0.0424 0.3498 0.1212 0.0357 0.2963 0.1205 0.0472 0.3512 0.1225
A’: absolute value of slope, B: intercept, C": ORP system values (A/B)
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Fig. 2. Correlationship between ORP system value and concen-

tration of each standard material (@: ascorbic acid (r?=0.97),

B BHT (** = 0.98), &: BHA (* = 0.97), and @: a-tocopherol

(**=10.97)).

Relationship Between FRAP Values and ORP System
Values

The relationship between FRAP values and ORP sys-
tem values from the evaluation of FRAP value with vary-
ing concentrations of standard substances is shown in Fig.
4a. Since the correlation coefficients between FRAP val-
ues and ORP system values was high (> = 0.97) for each
standard substance from Fig. 4b, ORP system values can
be expressed as ORAC values.

Relationship Between ORAC Values and FRAP Values
Based on ORP System Values

The relationships between the FRAP values and the
ORAC values can be examined based on the ORP system
value (Fig. 5). From these relationships, it is possible to
compare the antioxidative capacities of different measur-
ing methods, including the FRAP or ORAC methods.

We also suggested a new method of measuring the an-
tioxidative capacities for colored samples from natural
products, which are impossible to measure with spectro-
photometer, due to their natural color.
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Fig. 3. Correlationship between ORAC value and concentration
(a) and ORAC value and ORP system value (b) by linear re-
gression of each standard material (@: ascorbic acid (#* = 0.97)
W: BHT (* = 0.98), &: BHA (** = 0.97), and @: a-tocopherol
#=0.97).

A more convenient method to obtain from this infor-
mation is to transfer the ORAC values, or FRAP values
from ORP system values.

When the absolute slope and intercept from the linear
regression of ORP values at various pHs are known, ORP
system value can be calculated. The proper molar con-
centration of standard substances, such as ascorbic acid,
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Fig. 4. Correlationship between FRAP value and concentration
(a) and FRAP value and ORP system value (b) of each standard
material (@: ascorbic acid (> = 0.97), l: BHT (> = 0.98),
A: BHA (r? = 0.97), and @: a-tocopherol (r> = 0.97)).
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Fig. 5. Correlationship between FRAP value and ORAC value
of each standard material (@: ascorbic acid (** = 0.97), K
BHT (> = 0.98), a: BHA (> = 0.97), and 4: a-tocopherol
(= 0.97)).

BHA, or BHT, a-tocopherol, can then be calculated from
the linear regression of ORP system values against each
concentration of standard substance based on water or
fat soluble antioxidants.

The proper value of the ORAC method or the FRAP

517

method may be chosen from the ORP system value.

CONCLUSION

Since the relationships between the ORAC values and
the ORP system values, and between the FRAP values
and the ORP system values, have high correlation coeffi-
cients (r» = 0.97) (Figs. 4 and 5), it is possible to meas-
ure antioxidative capacity with simplicity and correctness.
It is possible to measure the antioxidative capacity of wa-
ter soluble materials through the use of a standard linear
regression of ORP system values versus concentrations of
ascorbic acid.

The capacity of fat soluble antioxidants can also be
measured using the standard curve of linear regression
from ORP system values against concentrations of BHA,
or BHT, a-tocopherol. A new, simpler, more accurate
measuring method, which is without pretreatments and
complexity, has been introduced. The antioxidative ca-
pacity of colored sample from natural products, which
are impossible to measure with spectrophotometer due to
their natural color, can be measured using this method.

It is anticipated that this new measuring method could
be used to measure the antioxidative capacity of various
samples.
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