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Abstract The ff-carotene bleaching assay belongs to the
oldest and continuously commonly applied methods of
estimating the antioxidant activity of compounds and
mixtures. In this method, the antioxidant activity of the
examined substance is evaluated by the spectrophotometric
measurement of f-carotene concentration changes in f-
carotene/peroxyl radicals (LOO®) systems with and without
antioxidant. Yet a little is known about factors influencing
the value of inhibition percent of the investigated antioxi-
dant, estimated by this method. The paper shows that both
the antioxidant solvent type and the amount of the anti-
oxidant solvent in the measuring system significantly
influence the inhibition percent value for butylohydroxy-
toluene (BHT), used as standard antioxidant in the per-
formed experiments. Moreover, the results shown in the
paper prove the essential influence of hydrogen and metal
ions on the results of antioxidant assay. The relationships
discussed in this paper indicate the necessity of standard-
izing f-carotene method and reveal the complexity of the
problem of estimation of adequate antioxidant activity of
examined substances.
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Introduction

Currently known negative action of radicals on humans and
animals [1-4] implicates more and more interest in research
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concerning antioxidant properties of substances, which
prevent living organisms from the damaging influence of
these reactive species. fi-carotene bleaching assay is one of
the most popular methods applied for the estimation of
antioxidant activity of examined substances and extracts. In
this method, the antioxidant activity is determined by com-
paring two competitive chemical reactions in which the
examined antioxidant and/or model antioxidant, f;-carotene,
take part [5]. f-carotene/linoleic acid emulsion in water with
generated peroxyl radicals (LOO®) is the main component of
the reaction medium. The changes of f-carotene concen-
tration in a control sample and in a sample containing an
examined antioxidant are monitored during the assay. f-
carotene reacts with peroxyl radicals in sample just after the
depletion of the investigated antioxidant. The loss of f-car-
otene is measured spectrophotometrically at 470 nm. Anti-
oxidant properties of the examined compounds are evaluated
from kinetics curves (absorbance vs. time) for the sample and
the control. In this method, antioxidant activity (AA) is most
frequently expressed as % inhibition relative to the control,
which is free of the examined antioxidant.

As results from the literature [6-9], different volume ratios
of the examined antioxidant solution to f-carotene/linoleic
acid emulsion are used during antioxidant activity assay.
Moreover, the f-carotene bleaching assay is applied in
comparing the antioxidant activities of the examined extracts,
for example of the same plant material, differing not only in
the qualitative and quantitative composition but also in the
type of extracting solvent, which is the main extract compo-
nent. In the context of these differences, the question appears
whether the type and the amount of the antioxidant solvent in
the measuring system influence the estimation of antioxidant
activity. Moreover, even the same plant contains components
which do not exhibit antioxidant activity, such as metal ions
or acids, and which can exist in examined plants in different
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amounts. The presence of all these factors makes the esti-
mation of their influence on the antioxidant properties of
extracts worthwhile.

The paper discusses the effect of the antioxidant solvent
type, of its amount in the measuring system, and of the
concentration of chosen metal ions and pH on the antioxidant
activity of butylohydroxytoluene (BHT), treated here as
standard antioxidant, estimated by f-carotene bleaching
assay. The presented problem should be considered in wider
context, dealing with the influence of the mentioned exper-
imental variable and matrix components on the estimation of
true antioxidant properties of food components, plant
extracts and antioxidants applied for food preservative.

Experimental
Reagents

Methanol, ethanol, propanol, acetone, dioxane, chloroform,
phosphoric acid, monobasic sodium monophosphate,
CuCl, x 9 H,O and Fe,(SO4); x 5 H,O, Zn(NOs3), x
5 H,O (all of analytical-reagent grade) were purchased
from the Polish Chemical Plant—POCh (Gliwice, Poland).
f-carotene, butylohydroxytoluene (BHT), linoleic acid and
Tween 20 were purchased from Sigma-Aldrich (Poznan,
Poland). Water was purified on a Milli-Q system from
Millipore (Millipore, Bedford, MA, USA).

Methods

The systems with the same amount of BHT were used for the
investigation into solvent type influence on LOO®/f-carotene
reaction kinetics. The estimation of the reacted [-carotene
concentration in the examined systems was performed by the
slightly modified Dapkevicius method [10]. The stock solu-
tion of f-carotene/linoleic acid emulsion in water was pre-
pared as follows: the mixture composed of 25 pL of linoleic
acid, 185 pL of Tween 20 (200 mg) and 1 mL of -carotene
solution (containing 0.5 mg of f-carotene in 1 mL of chlo-
roform) underwent the vacuum evaporation process to
remove chloroform. The obtained residue was next dispersed
in 100 mL of distilled water saturated with oxygen (30 min at
100 mL/min) and vigorously shaken. The absorbance of the
final emulsion was measured at 470 nm using UV Probe-1800
spectrophotometer (Shimadzu, Japan). As a blank, emulsion
without ff-carotene was applied in measurements.

Influence of antioxidant solvent type on the inhibition
percent

Aliquot (2.5 mL) of the emulsion with fS-carotene was
placed in a glass optical cuvette (1 cm x 1 cm x 3.5 cm)
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containing 350 pL. of BHT solution (¢ = 0.005 mg/mL) in
appropriate solvent, stoppered tightly, mixed well and
placed in a water bath at 45 °C. Methanol, ethanol, n-
propanol, acetone and dioxane were used as BHT solvents.
The zero reading for the reaction mixture was taken at
470 nm immediately after the mixing. Subsequent readings
were taken at regular intervals (10 min) until carotene in
the control sample was decolorized (180 min). The control
sample was prepared in the same way as the reacting
mixture. The replacement of the BHT solution in a given
solvent by pure solvent was the only difference.

Emulsion without f-carotene (2.5 mL) mixed with
350 pL pure solvents (solvent employed for BHT dissolu-
tion in the experiment) was used to zero spectrophotometer.

The antioxidant activity was expressed as inhibition
percentage relative to the control using the following
equation:

DR¢ — DRs
AA =100 —= ==
DRc

where AA—antioxidant activity, DRc—degradation rate of
p-carotene in the control sample = {[In (a/b)]/t}, DRg—
degradation rate of f-carotene in the sample with antioxi-
dant = {[In (a/b)]/t}, a = absorbance at time = 0, b =
absorbance at defined time (for example at 10, 20....., to
180 min), ¢ = time.

Influence of antioxidant solvent volume on the inhibition
percent

p-Carotene emulsion (2.5 mL) was mixed in a 4-mL test
tube with methanolic BHT solution (50 pL) (¢ = 0.035
mg/mL) and supplemented with a proper amount of
methanol and water up to 3-mL volume. Table 1 contains
the exact compositions of the examined systems. The
system formation presented in the table allows to obtain
reagent mixtures differing in methanol/water ratio, guar-
antees the same amount of the antioxidant in the measuring
systems and saves the chemical reagents (there is no need
to prepare antioxidant solutions in each solvent).

The percent of inhibition was estimated following the
procedure described previously.

Influence of pH on the inhibition percent

p-Carotene emulsion (2.5 mL) was mixed in a 4-mL test
tube with methanolic BHT solution (50 pL), (¢ = 0.035
mg/mL), water (400 pL) and phosphoric buffer (50 pL).
Phosphoric buffers of the following pH were used: 1.66;
3.65; 4.15; 5.50; and 6.67. In these experiments, the control
was composed of f-carotene emulsion (2.5 mL), water
(450 pL) and methanol (50 pL). The antioxidant activity
was estimated according to the assay described previously.
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Table 1 Volumes (in [pL]) of the individual components used for the
formation of the examined systems

System component System number

1 2 3 4 5

p-carotene/linoleic acid emulsion 2,500 2,500 2,500 2,500 2,500

BHT in methanol 50 50 50 50 50
Methanol - 50 150 250 450
Water 450 400 300 200 -

Total volume 3,000

Influence of metal content on the inhibition percent

p-Carotene emulsion (2.5 mL) was mixed in a4-mL test tube
with methanolic BHT solution (50 pL) (¢ = 0.035 mg/mL),
water (400 pL) and metal ion solution in water (50 pL). The
following ion solutions were used: Cu(Il) at concentration
1.0 x 107% 5.0 x 10~* and 30 x 10~* mg/mL; Fe(III) at
concentration 0.1 x 10_3; 1.0 x 10_3; 14.0 x 1072 and
22.0 x 1072 and Zn(I) at concentration 2.0 x 107%
8.0 x 107* and 20.0 x 107* mg/mL. The control was
composed of ff-carotene emulsion (2.5 mL), water (450 pL)
and methanol (50 pL). The % of inhibition was estimated
following the procedure described earlier.

Results and discussion

Figure 1 shows percent of inhibition of the sample in
relation to the control during 180 min of the reaction for
systems differing in the type of the applied antioxidant
solvent. It should be stressed that the systems contained the
same amounts of the reagents and solvents—see “Experi-
mental”. As results from the obtained relationships, the
plotted percent of inhibition curves (the established BHT
antioxidant activity) are different and depend on the anti-
oxidant solvent type. BHT exhibits higher antioxidant
activity in its methanolic and acetonic solutions, whereas
its activity in dioxane is significantly lower. fS-Carotene
scavenging properties are due to the formation of a radical
adduct [fB-car-OOR®]. The adduct formation occurs at the
absence of a stronger antioxidant than f-carotene and is not
expected to be affected by solvent changes [11, 12]. The
presented results prove that the solvent type influences the
estimation of antioxidant activity of BHT.

A few reasons can be responsible for the observed
phenomenon. The reaction mechanism between phenolic
antioxidant (BHT) and peroxyl radical in f-carotene
method is historically believed to be an H-atom transfer
(HAT) mechanism but has recently been revised to a pro-
ton-coupled electron transfer (PCET). In this mechanism,
complex formation between the phenol and peroxyl radical

90

% of inhibition

0 50 100 150 200
time (min)

Fig. 1 The influence of BHT solvent type on antioxidant activity
percent of BHT determined by f-carotene bleaching test during
180 min of the reaction. Dashed line with triangles represents BHT
dissolved in acetone; solid line with circles and dotted line with
squares correspond to BHT dissolved in methanol and 1,4-dioxane,
respectively. For details concerning measuring system compositions,
see “Experimental”

precedes the reaction, whereby the phenolic hydrogen is H-
bonded to the peroxyl radical. This hydrogen is then moved
as a proton from the phenol to the ion pair on the peroxyl
radical along with the coupled movement of an electron
from the 2p ion pair of the phenolic oxygen to the orbital
containing the unpaired electron on the peroxyl radical,
such that the electron travels between two formally non-
bonding orbitals [13]. As results from the literature [14],
the solvent type influences the hydrogen transfer kinetics.
Dioxane, due to its basic character, is a strong proton
acceptor [15, 16] and can slow down the reaction velocity.
This may explain the lower value of BHT inhibition per-
cent in dioxane.

As the system used for antioxidant activity assay by the
p-carotene method contains f-carotene/linoleic acid water
emulsion, the antioxidant solvent type, due to its different
hydrophobicity, may influence the dispersion (or solubility)
of the emulsion or of its components and, in consequence,
may change the reaction velocity. According to the litera-
ture [17], the dispersion component (d4) of total solubility
parameters, which can be assumed as a measure of
hydrophobic interaction ability, is the highest for dioxane
(19.0), while methanol and acetone have smaller hydro-
phobicity (64 equal 15.1 and 15.5, respectively). It is dif-
ficult to arbitrate at this moment which explanation is more
probable because analogous changes in the BHT antioxi-
dant activity are observed in systems containing methanol
or ethanol or propanol as antioxidant solvents—see Fig. 2.
Further complication is the fact that solvents differ both in
their acidic properties (acidic character diminishes from
methanol to propanol) and in their hydrophobic character
(04 equal 15.1; 15.8 and 16.0, respectively).
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Fig. 2 The influence of BHT solvent type on antioxidant activity
percent of BHT determined by f-carotene bleaching test during
180 min of the reaction. Methanol—solid line with circles; ethanol—
dashed line with squares; and propanol—dotted line with triangles

The observed discrepancies in the estimation of BHT
antioxidant activity may also be connected with different
surface tension in the applied measuring systems.

Whatever the true explanation of the different inhibition
percent values is, our experiments prove the essential
influence of the antioxidant solvent type on the estimation
of antioxidant activity of the examined compound.

As it was mentioned in Introduction, researches fre-
quently employ different volume ratios of the examined
antioxidant solution to f-carotene/linoleic acid emulsion
when estimating the antioxidant activity. Figure 3 shows
the inhibition percent of the sample in relation to the
control after 180 min of the reaction versus BHT solvent
volume (methanol) expressed in percent. It should be
stressed that all measuring systems in this experimental
section contained the same amounts of BHT and f-caro-
tene/linoleic acid emulsion but different amounts of
methanol (see Table 1 for clarity). The dependence pre-
sented in Fig. 3 proves that the increase in the antioxidant
solvent volume decreases the inhibition percent. The
observed changes are difficult to explain in an unequivocal
way. However, the increase in methanol concentration in
the measuring system leads to the changes in system vis-
cosity and solubility of its components, all of which can be
responsible for the BHT % inhibition decrease. Thus, the
volume ratio of the examined antioxidant solution to f-
carotene/linoleic acid emulsion significantly influences the
activity estimation of antioxidant properties.

The presence of natural acids in plant extracts is rarely
taken into consideration when comparing the antioxidant
properties of these extracts. Plant extracts can differ
quantitatively and qualitatively not only in the composition
of antioxidants but also in natural acids, which makes their
pH different, too. Moreover, investigators frequently apply
extrahents of different pH to isolate examined components

@ Springer
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Fig. 3 The influence of methanol volume (BHT solvent) on antiox-
idant activity percent of BHT after 180 min of the reaction

from plant matrices. Figure 4 illustrates the influence of pH
on the difference (A) between the inhibition percent of the
buffered sample in relation to the control and inhibition
percent of the non-buffered sample in relation to the con-
trol, after 180 min of the reaction. As results from the
figure, the elevated hydrogen ion concentration produces
an elevated but an almost constant estimated value of the
BHT antioxidant activity (positive A). The observed
increase in BHT antioxidant activity at lower pH is in
agreement with results by Valgimigli et al. [13] who
reports that the presence of small amounts of acid leads to
an acceleration of the rate reactions between phenols and
chain-carrying peroxyl radicals. As appears from Fig. 4,
the increase in pH above 4.15 pH unit results in the
decrease in A toward negative values. It looks as if the pH
increase resulted in the increase in f-carotene depletion or
the additional formation of peroxyl radical in the examined
system during the experiment. Although these explanations
require further investigation, they seem less likely. The
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Fig. 4 The influence of pH on the difference (A) between antioxidant
activity percent of BHT in buffered and non-buffered sample, after
180 min of the reaction
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influence of pH on BHT dissociation degree in the exam-
ined pH range also seems less convincing as an explanation
of the observed relationship (see Fig. 4) as pK, of this
compound equals 12.2 [18]. The significance of pH is
additionally presented in the work of Junatochote and
Berghofer [19], who showed the opposite influence of pH
on antioxidative activity of some essential oils, i.e. that pH
increase intensifies the antioxidant activity of essential oils.
Thus, the influence of pH on antioxidant activity of com-
pounds needs further consideration.

The presence of metal ions in plant extracts is a con-
sequence of their natural existence in plants. Their con-
centration in such extracts is different and depends on
many factors such as plant type, plant growing conditions
(including soil pollution by metals), ion type, extrahent
type and extracting conditions. The influence of the con-
centration of some metal ions on the difference (A)
between inhibition percent of the sample polluted with
metal ion in relation to the control and inhibition percent of
the sample free of metal ion in relation to the control, after
180 min of the reaction, is illustrated in Fig. 5. The pre-
sented dependences are limited to Fe(IlI), Cu(Il) and Zn(II)
concentration probable in plant extracts, assuming that the
whole amount of a given metal ion is extracted from 1 g of
plant sample to 50 mL of extrahent. As results from the
plots in Fig. 5, the increase in metal ion concentration in
the examined concentration range causes a linear decrease
in the estimated inhibition percent (negative A). According
to Bendich, Machalin, Scandura, Burton and Wayner [20],
the presence of some transition metal ions results in
autoxidative destruction of vitamin C, which promotes and
accelerates the autoxidation of polyunsaturated lipid
material. It is difficult to explain the inhibition percent

concentration of copper or zinc ions (mg/ml)

0 0.001 0.002 0.003 0.004 0.005
1 L L L 1 5

- 10

A (%)
()7

-25 . : : : -10
0 0.005 0.010 0.015 0.020  0.025

concentration of iron ions (mg/ml)

Fig. 5 The influence of metal ion concentration [solid line with
squares for Fe(Ill), dashed line with circles for Cu(Il) and dotted line
with triangles for Zn(II)] on the difference (A) between antioxidant
activity percent of BHT in sample with and without metal ions. For
details concerning measuring system, see “Experimental”

decline of BHT resulting from the presence of metal ions in
the system by the destruction of the antioxidant (BHT)
used in the experiments. The relationships in Fig. 5 show
that the increase in metal ion concentration accelerates the
oxidation process in the examined systems. It is in agree-
ment with the literature [21-23],which reports that the
presence of metal ions [e.g. Cu(Il), Zn(Il), Ni(Il), and
Mn(II)] induces lipid oxidation. The relationships from
Fig. 5 can also be explained assuming that hydroperoxides
(LOOH) composed during reaction of an antioxidant with
peroxyl radicals are, due to the presence of the metal ion,
disintegrated back to the formation of peroxyl radicals [24].
It seems to be less probable in the case of Zn(Il) as the
decomposition process is catalyzed by redox active tran-
sition metal ions [e.g. Cu(Il) or Fe(III)].

Conclusions

The [-carotene bleaching assay belongs to the oldest
methods employed for estimating antioxidant activity.
However, the review of the publications concerning this
method revealed that different protocols of the method are
used. Moreover, researchers seldom pay attention to factors
influencing the estimation of antioxidant activity of the
examined compounds or mixtures. The paper shows that
factors such as the antioxidant solvent type, the volume
ratio of antioxidant solution to f-carotene/linoleic acid
water emulsion, metal content and pH have the essential
influence on the concentration of unreacted f-carotene and
are responsible for difference in the estimation of antioxi-
dant activity. The presented results indicated the difficulty
in the estimation of true antioxidant properties of food
components, plant extracts or even antioxidant additives
preventing products from oxidative changes.

There are many statements in literature pointing the
necessity of DPPH method standardization [25]. The
results presented in this paper show that it is also the f-
carotene method that needs standardization.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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