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ABSTRACT

Introduction: The antioxidant and radical scavenging properties of some of the hydroxy phenyl derivatives such as 
4-Hydroxybenzoic acid (1), 3-Hydroxy-4-methoxycinnamic acid (2), 3-(4-Hydroxy-3,5-dimethoxyphenyl)prop-2-
enoic acid (Sinapic acid) (3), 4-Hydroxy-3,5-dimethoxybenzoic acid (4), 3,4-Dihydroxycinnamic acid (Caffeic acid) 
(5) and 5-Isopropyl-2-methylphenol (6), which are naturally present in fruits and vegetables, were investigated. 
Methods: The following analysis were conducted: The total antioxidant activity via the ferric thiocyanate method; 
2,2’-azinobis-(3-ethylbenzothiazole-6-sulphonate) (ABTS) radical scavenging activity; superoxide anion radical  
(O2•

-) scavenging activity; the total reduction power through potassium ferricyanide reduction method; Cupric ions (Cu2+)
reduction capacity through Cuprac method; hydrogen peroxide scavenging activity and chelating activity of ferrous 
ions (Fe2+). Furthermore, α-tocopherol, butylatedhydroxyanisole (BHA) and quercetin were used as the reference 
antioxidant compounds. Results: In the comparison of initial states and the products, it’s observed that at the 50th hour 
the linoleic acid emulsion at 30 μg/mL concentration inhibited the lipid peroxidation by 85%, 60.7%, 69%, 45.4%, 
80.4% and 31%, respectively. On the other hand, it’s observed that the linoleic acid emulsion of α-tocopherol, (BHA) 
and quercetin inhibited the lipid peroxidation by 62.65%, 35.84% and 34.82% respectively, at the same concentration. 
Conclusions: It’s found as a result of our studies that some of the phenolic compounds such as 4-Hydroxybenzoic acid 
(1), 3-Hydroxy-4-methoxycinnamic acid (2), 3-(4-Hydroxy-3,5-dimethoxyphenyl)prop-2-enoic acid (3), 4-Hydroxy-3,5-
dimethoxybenzoic acid (4), 3,4-Dihydroxycinnamic acid (5) and 5-Isopropyl-2-methylphenol (6) which are naturally 
present in foods. They have higher total antioxidant activity, radical scavenging and metal chelating activities than the 
widely used powerful antioxidant compounds such as BHA, Quercetin and α-tocopherol.
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INTRODUCTION

The reactive oxygen species (ROS) are produced in the 
human metabolism, due to internal or external causes 
such as insufficient reduction of  oxygen and some of  the 
injuries, inflammations on the skin, some of  the nutrients 

in our diet, radiation, aging, higher than normal pressure of  
oxygen (pO2), ozone (O3), nitrogen dioxide (NO2), chemi-
cals and some toxic compounds, cigarette smoke, air pollu-
tion, pesticides, drugs and free transition metal ions, in the 
course of  normal oxygen use of  the body.1 ROS compounds 
harm all of  the important components of  living cells, such 
as lipids, proteins, DNA, carbohydrates and enzymes, and 
lead to dozens of  major problems such as cancer, heart dis-
ease, bowel disease, depression, vascular structure disorders 
and premature aging. In addition, it’s considered that the 
cell damages caused by these reactive oxygen species con-
tribute to the formation and progression of  many chronic  
diseases.2-4
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The free oxygen radicals cause cell damages in cases such 
as atherosclerosis, emphysema/bronchitis, Duchenne 
muscular dystrophy, Behçet’s disease, Parkinson’s disease, 
pregnancy preeclampsia, cervical cancer (Cervix Ca), acute 
renal failure, chronic respiratory tract and lung disease, 
hemodialysis disease, diabetes mellitus, Down’s syn- 
drome, aging, retrolental fibroplasia, cerebrovascular dis- 
orders, ischemic myocardial damage and reperfusion injury.5-9

Living organisms eliminate the oxidant effects by their 
antioxidant activities.10 In addition, externally supplied 
antioxidants assist the antioxidant system in the body. 
Vegetables and fruits contain many antioxidant sub-
stances.11,12 Among the natural antioxidant compounds, 
especially the phenolic compounds are plentiful in veg-
etables, fruits with or without shells, seeds, leaves, flowers, 
roots and shells.13,14 A large number of  phenolic com-
pounds are also produced in the metabolisms of  plants 
in order to protect themselves against pests. The phenolic 
compounds are antioxidant characteristic and prevent the 
adverse effects stimulated by oxidation in cellular basis 
by preventing the formation of  active oxygen or bind-
ing the created active oxygen, and stops the formation 
of  degenerative diseases.15 Phenolic substances and their 
derivatives are the prominent substances with their anti-
oxidant functions.13

Phenolic compounds are the secondary metabolites which 
are synthesized within the plants. They protect the plant 
against pests, as well as give color to the fruits and veg-
etables and contribute to the formation of  taste. In line 
with the findings on positive effects of  polyphenols on 
health, foods with high phenolic contents are now trend-
ing. Studies for the determination of  phenolic content in 
foods have gained a momentum. In this study, researches 
on phenolic content of  fruits and vegetables, which is an 
important fruit in terms of  its cultivation and economy 
in Turkey, were evaluated. For this reason, it was aimed 
to determine and compare the antioxidant and antiradical 
activities of  some of  the abundant phenolic compounds 
found in fruits and vegetables.

MATERIALS AND METHODS

4-Hydroxybenzoic acid, 3-hydroxy-4-methoxycinnamic 
acid, 3-(4-hydroxy-3,5-dimethoxyphenyl)prop-2-enoic 
acid (Sinapic acid), 4-hydroxy-3,5-dimethoxybenzoic acid, 
3,4-dihydroxycinnamic acid (Caffeic acid), 5-isopropyl-
2-methylphenol, α-tocopherol, butylatedhydroxyanisole 
(BHA), quercetin, riboflavin, methionine, 2,2›-Azinobis 
(3-ethylbenzothiazole-6-sulphonic acid) (ABTS), nitro-
bluetetrazolium (NBT), 2,2-diphenyl-1-picryl-hydrazyl 

(DPPH), 3-(2-pyridyl)-5,6-bis(4-phenyl sulfonic acid)-1,2, 
4-triazine (Ferrozine), linoleic acid, Tween-20 and trichlo-
roacetic acid (TCA) were obtained from Sigma (Sigma-
Aldrich GmbH, Sternheim, Germany). All other chemicals 
used were in analytical grade.

Radical scavenging activity

Radical scavenging capacity (DPPH•), ABTS.+ and super-
oxide anion radical scavenging methods were utilized. In 
order to compare, α-tocopherol, butylatedhydroxyanisole 
(BHA) and quercetin were used. 

DPPH free radical scavenging activity

Blois method16 was used for DPPH free radical scaveng-
ing. 1 mM DPPH• solution was used as the free radical. 
The solutions were transferred to test tubes to obtain the 
stock solutions with 15, 30 and 50 μg/μl concentrations 
and total volume was adjusted to 3 mL with distilled etha-
nol. Afterwards, 1 mL DPPH• stock solution was added 
to each sample medium. After being incubated in the dark 
at 25oC for 30 minutes, absorbance was measured at 517 
nm against ethanol blank samples. In the detection per-
formed by using 3 mL ethanol and 1 mL DPPH• solu-
tion as a control, the decreased absorbance presented the 
amount of  the remaining DPPH• solution, i.e. it provided 
the free radical-scavenging activity.10,16

The standards chart was created first in order to identify 
the DPPH radical scavenging activity of  phenolic com-
pounds (1–6) and used standard antioxidant compounds, 
such as α-tocopherol, BHA and quercetin. Calculations 
regarding DPPH radical were made according to the fol-
lowing equality.

DPPH• scavenging activity (%) = (1 − AS/AC  ) × 100

Here, AS is the absorbance value found after addition of  
sample to the DPPH radical solution, and AC is the absor-
bance value of  the control, which only includes the DPPH 
radical solution. For positive control, α-tocopherol, BHA, 
and quercetin were used.

Determination of  ABTS•+ scavenging activity

The ABTS•+ scavenging activity was determined in accor-
dance with the study carried out by Re et al.17 First, ABTS•+ 
was obtained by adding 2.45 mM solution of  potassium 
persulfate into the solution of  2 mM ABTS. Before using 
the ABTS•+ solution, at 734 nm, the absorbance of  the con-
trol solution diluted to 0.700 ± 0.03 with phosphate buffer 
of  0.1 M and pH 7.4. After the addition of  1 mL ABTS•+ 

solution to the stock solution of  ethanol extracts of  different  
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concentrations of  phenolic compounds, the solution was 
incubated for 30 minutes. The absorbances were recorded at 
737 nm, against the phosphate buffer (pH:7.4) blind.

The standards chart was created first in order to identify 
the ABTS•+ scavenging activity of  phenolic compounds 
(1–6) and used standard antioxidant compounds, such 
as α-tocopherol, BHA and quercetin. The amount of  
ABTS•+ remained after finding the ABTS•+ scavenging 
activity was calculated by making use of  the standards 
chart and the equation given above.

Calculations for ABTS•+ scavenging were performed 
using the following equality.

ABTS scavenging activity (%) = (1 - AS/AC) x 100

Here, AS is the absorbance value found after addition of  
sample to the ABTS•+ solution, and AC is the absorbance 
of  the control, which only includes the ABTS•+ solution. 
For positive control, α-tocopherol, BHA, and quercetin 
were used.

Determination of  the superoxide anion radical 
scavenging activity

The effect of  ethanol extracts of  the phenolic compounds 
found in foods on the scavenging superoxide anion radi-
cals was determined by spectrophotometric measurement 
of  the nitrobluetetrazolium (NBT) product. For this pur-
pose, the method used by Zhishen et al.18 was modified 
and used. Concentrations of  the samples and standards 
were kept at 15 μg/mL by using 0.05 M and a pH of  7.8 
phosphate buffer. 1.33 × 10–5 M, 4.46 × 10–5 M and 8.15 
× 10–8 M concentrations of  riboflavin, methionine and 
NBT were added to the sample buffer solution, respec-
tively. The reaction mixture was excited at 25oC with 20 W 
fluorescent light for 40 minutes. Absorbance with respect 
to the water blind was measured at 560 nm. Superoxide 
anion radicals removed from the medium were calculated 
in percent with the following equation.

 (O2•
-) scavenging activity (%) = (AS/AC) × 100

AC in the equation above is the absorbance value of  the 
control sample. AS is the value used in the study for absor-
bance in the presence of  antioxidant samples.10

Determination of  total antioxidant activity with 
ferric thiocyanate method

Determination of  total antioxidant activity was deter-
mined according to the ferric thiocyanate method.19Stock 
solutions were prepared by dissolving 20 mg of  phenolic 

compounds in 20 mL distilled ethanol. Each of  phenolic 
compoundswere taken as 30 mg/mL from the stock solu-
tion to the meter containers and thevolume was adjusted 
to 2.5 mL with the buffer solution. After solving the 0.017 
M of  linoleic acid emulsion in, 265 μl of  linoleic acid  
50 mL 0.04 M phosphate buffer (pH:7.4), the mixture was 
homogenized and readied by adding Tween-20 as emulsi-
fier. After that, 2.5 mL linoleic acid emulsion was added 
to each of  the measurement dishes. As a control, 2.5 mL 
0.04 M phosphate buffer (pH:7.4) and 2.5 mL of  linoleic 
acid emulsion were used. Incubation was performed at 
37oC. 100 μl were taken from the measurement dishes and 
put into the test tubes with 4.7 mL ethanol in every ten 
hours. And first 100 μl Fe2+ solution then 100 μl SCN 
solution was added. 4.8 mL ethanol, 100 μl Fe2+ and 100μl 
SCN mixture solutions were used as blind. Absorbance 
of  samples at 500 nm was read against blind.

Determination of  the total reduction power

Ferric ions (Fe3+) reducing antioxidant power assay 
(FRAP) 

Modified Oyaizu method was used for the Ferric ions 
(Fe3+)reducing antioxidant power assay.10,20 Samples 
were taken from the fresh stock solutions as 15, 30, and  
50 μg/mL respectively and these samples were transferred 
to test tubes and distilled water was added to make the vol-
ume 1 mL. Then 2.5 mL 0.2 M phosphate buffer (pH: 6.6) 
and 2.5 mL of  1% potassium ferricyanide[K3Fe(CN)6] was 
added to each of  the tubes, and then the mixture was incu-
bated for 20 minutes at 50oC. Then, 2.5 mL of  10% trichlo-
roacetic acid (TCA) was added to the reaction mixture. 2.5 
mL was taken from the upper phase of  the solution, and 
2.5 mL distilled water and 0.5 mL of  0.1% FeCl3 was added 
on, and then the absorbance was read against the blind 
at 700 nm. Distilled water was used as the blind. Control 
experiment was prepared by using water instead of  sample. 

Determination of the ferrous ions (Fe2+) chelating 
activity

Phenolic compounds’ (1-6) chelating activity was conducted 
according to the method that was determined by Dinis  
et al.21For this, 0.35 mL of  pure water was added to 0.05 
mL 2 mM of  FeCl2 solution, then added to the 0.2 mL solu-
tion, which contains the ethanol extracts of  the phenolic 
compounds (1–6) to prepare the 15, 30 and 50 μg/mL of  
concentrations. Final volume was adjusted to 4 mL with 
distilled ethanol. The reaction was started by adding 0.2 
mL of  5 mM ferrozine solution. After stirring the solu-
tion in vortex, the solution was incubated for 10 minutes at 
room temperature. After incubation, the absorbance of  the 
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solution at 562 nm was recorded against the blind solution 
consisting of  the remaining solution except ferrozine. 
Instead of  extract sample, distilled water was used for prep-
aration of  the control. 

Decreasing absorbance in the metal chelating activity 
shows the chelated metal ions before bonding of  the fer-
rozine. The amount of  chelated metal ion was calculated 
in percent by using the following equation.

Ferrous ion (Fe) chelating activity (%) = (AS/AC) × 100

The AC value given in the equation is the absorbance value 
of  the control sample, in the presence of  ferrozine and Fe2+ 
ions, which are the substances that form complexes in the 
medium only. AS is the absorbance value for phenolic com-
pounds (1–6) or standard antioxidant used in this study.10

Hydrogen peroxide scavenging activity

Hydrogen peroxide scavenging activity of  ethanol 
extracts of  phenolic compounds (1-6) was performed 
according to the method by Ruchet al.22 Determina-
tion of  hydrogen peroxide scavenging activity is based 
on the spectrophotometric detection by making use the 
absorbance of  H2O2 at 230 nm. 43 mM H2O2 solution 
was prepared in phosphate buffer (pH 7.4). Volume of   
30 μg/mL concentration of  ethanol extracts of  each phe-
nolic compound (1–6) was adjusted to 4 mL with phos-
phate buffer. Subsequently, 0.6 mL hydrogen peroxide 
(43 mM) solution was added. After being incubated for 
10 minutes at 37oC, decreasing absorbance of  hydrogen 
peroxide at 230 nm was recorded as the decrementing 
amount. Phosphate buffer (pH:7.4) was used as the blind.

Statistical analysis

Statistical analysis was performed by using Minitab 
program for Windows, version 1002. Analysis of  vari-
ance, ANOVA, was used when more than three groups 
were compared. Significant differences between means 
were determined by Duncan’s Multiple Range tests. Data 
are presented as mean-SD. The values p < 0.05 were con-
sidered significant.

RESULTS

Total antioxidant activity determination

Phenolic compounds (1-6) α-tocopherol, BHA and quer-
cetinantioxidant activity was determined according to the 
ferric thiocyanate method and the results are given in 

Figure 1. Determination of  the total antioxidant activity 
of  phenolic compounds (1–6) α-tocopherol, BHA, and 
quercetinsubstances was performed by using 30 μg/mL 
concentration solutions of  the substances. 

The percentages on the inhibition linoleic acid emulsion 
by the phenolic compounds and the standard antioxidants 
were calculated by taking the fiftieth hour as the basis, 
which is the incubation period, where the control value 
reaches a maximum (Figure 1). Calculations were made 
with respect to the following equality.

Inhibition of  lipid peroxidation (%) = (ASample/AControl) × 100

Here, ASample is the absorbance value at the time of  incu-
bation, where the extract values of  different concentra-
tions reached a maximum; and AControl is the absorbance 
value at the time of  incubation, where the control value 
reached a maximum. For positive control, α-tocopherol, 
BHA, and quercetin were used.10

As seen in the Figure 2, it was observed in the comparisons 
that the phenolic compounds (1–6) of  30 μg/mL concen-
tration inhibited the peroxidation of  linoleic acid emul-
sion by 87.4%, 47.9%, 59.93%, 94.7%, 95.6% and 98.0%, 
respectively, and at the same concentration, they inhibited 
the peroxidation of  α-tocopherol, BHA, and quercetin by 
35.84%, 62.65%, and 34.82%, respectively. Inhibition effect 
at the same concentration (30 mg/mL) is in the following 
order: 6>5>4>1>BHA>3>2>α-tocopherol>Quercetin.

Findings on the ferric reducing antioxidant power 
(FRAP) of  ferric ions (Fe3+) to ferrous ions (Fe2+)

Reduction capacity of  phenolic compounds (1–6) used 
in the study increases in direct proportion with the 

Figure 1.  Total antioxidant activities of  some phenolic com-
pounds (1-6) (30 μg/ml) and standard antioxidant compounds 
such as BHA, α-tocopherol and quercetin at the concentration 
of  30 μg/ml (BHA: butylated hydroxyanisole). 
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standard antioxidants. Hydrogen peroxide scavenging for 
α-tocopherol, BHA, and quercetin are 14.3%, 16.5%, 24.2% 
respectively. And the hydrogen peroxide scavenging order was 
found as 1>5>3≈4≈2>6>Quercetin>BHA>α-tocopherol

Radical scavenging activity

In order to create a stable diamagnetic molecule, it accepts 
an electron or hydrogen radical. The lower the absorbance 
of  the mixture formed by the antioxidant and DPPH• 
reaction, the greater the free radical scavenging activity of  
the antioxidant. DPPH• is a stable free radical. Reduction 
of  DPPH• radical amount in the medium is determined by 
the decrease in absorbance of  the reaction medium.

Reason for the decline in absorbance was due to the scav-
enging of  the radical by hydrogen bonding with the reac-
tion of  DPPH• radical with phenolic compounds (1–6). 
Figure 4 shows the calculated antioxidant activities in 

Figure 2.  Comparison the percentages of  inhibition of   
lipid peroxidation of  phenolic compounds (1-6) in 30 μg/ml  
concentration with α-tocopherol, BHA, and quercetin  
(30 μg/ml) as standard antioxidant (BHA: butylated  
hydroxyanisole).

increasing extract concentration. Reduction potential of  
both of  the extracts using different concentration (30 μg/
mL) solutions was determined by measuring the absor-
bance of  the solutions at 700 nm (Figure 3). As can be 
seen in the figure, the standards exhibited a lower reduc-
tion capacity than the phenolic compounds, especially at 
low concentrations.

Ferrous ions (Fe2+) chelating capacity

The chelating of  ferrous ions (Fe2+) by the pheno-
lic compounds (1-6) and the standards used in the 
study at 15 μg/mL concentration can be ordered as: 
6>5>3≈4>1>Quercetin≈2>BHA≈α-tocopherol. These 
values were found as 92.0%, 88.0%, 85.6%, 84.8%, 81.6%, 
71.2%, 69.6%, 65.6% and 65.2%, respectively. As shown in 
Table 1, it’s found that the metal chelating activities of  them 
are statistically higher than the standard compounds, except 
the phenolic compound 2, when the findings were compared 
with the standards. And it’s found that the compound 2 has a 
metal chelating activity higher than BHA and α-tocopherol, 
and approximately same as the quercetin (P>0.05).

Hydrogen peroxide scavenging activity

Hydrogen peroxide scavenging activity of  phenolic com-
pounds and standard antioxidants including α-tocopherol, 
BHA, and quercetin with 30 μg/mL concentration are 
given in Table 2. 

From the data obtained, phenolic compound no. 1 was 
determined to be capable of  scavenging the hydrogen 
peroxide with the highest value of  66.1%. In addition, it 
was observed that hydrogen peroxide scavenging capac-
ity of  all phenolic compounds (1–6) are higher than the 

Figure 3.  Total reduction potential of  (1–6) phenolic com-
pounds of  different concentrations (15, 30, 50 μg/ml) and 
standard antioxidant  α-tocopherol, BHA and quercetin.

Figure 4.  DPPH free radical scavenging activity of  different 
concentrations (15, 30, 50 μg/ml) of  phenolic compounds  
(1–6) and standart antioxidant α-tocopherol, BHA, quercetin.
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Table 1  Chemical structures of phenolic compounds

CHO

O

OH

4-Hydroxybenzoic acid
(1)

CHO

H3CO

O

OH

3-Hydroxy-4-methoxycinnamic acid
(2)

CHO

O

OH

H3CO

H3CO

4-Hydroxy-3,5-dimethoxybenzoic acid
(3)

CH3

OH

5-Isopropyl-2-methylphenol
(4)

H3CO

HO

C
OH

O

H3CO

3-(4-Hydroxy-3,5-dimethoxyphenyl)prop-2-enoic acid (Sinapic acid)
(5)

HO

HO

C
OH

O

3,4-Dihydroxycinnamic acid (Caffeic acid)
(6)

Table 2   Hydrogen peroxide (H2O2) scavenging activity, metal chelating activity, and superoxide anion radical 
scavenging activity of some phenolic compounds and standard antioxidant compounds such as a-Tocopherol, BHA 
and Quercetin at 30 μg/mL concentration 

Compounds Metal chelating activity (%) H2O2 scavenging activity (%) Superoxide scavenging activity (%)
α-Tocopherol 65.2 ± 2.1 14.3 ± 1.6 75.1 ± 2.1
BHA 65.6 ± 0.3 16.5 ± 5.5 60.7 ± 3.5
Quercetin 71.2 ± 7.3 24.2 ± 3.1 69.0 ± 1.1
1 81.6 ± 2.2 66.1 ± 4.6 45.4 ± 5.1
2 69.6 ± 3.1 28.6 ± 2.2 80.4 ± 2.2
3 85.6 ± 1.1 29.5 ± 1.6 31.4 ± 7.2
4 84.8 ± 2.5 28.3 ± 7.1 19.6 ± 6.3
5 88.0 ± 6.3 32.5 ± 0.1 41.3 ± 1.3
6 92.0 ± 9.2 27.7 ± 3.5 20.7 ± 5.3

% inhibition of  the DPPH• radical scavenging activities 
obtained for the phenolic compounds (1-6) of  different 
concentrations at 15, 30, 50 μg/mL and the standards.

1–6 phenolic compounds and BHA, α-tocopherol and quer-
cetin, used as standard antioxidants, were determined a DPPH 
radical scavenging activity at 50 μg/mL concentration as fol-
lows: 6>3 ≈ 4>2> BHA ≈ 1>5>Quercetin>α-tocopherol. 

These values were calculated as 96.7%, 90%, 90%, 89.4%, 
86.8%, 86.3%, 82.1%, 54.5%, and 50.2% respectively. As it is 
clear from the findings, phenolic compounds numbered as 
2, 3, 4 and 6 have a higher DPPH radical scavenging activity 
than BHA, quercetin, and α-tocopherol. It has been deter-
mined that the compound No 1 has an activity approximately  
same as the BHA, and compound No 5 has an activity 
higher than quercetin and α-tocopherol, however it has 
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lower DPPH radical scavenging activity than the other 
compounds (Figure 4). 

As shown in Figure 5, the ABTS•+ scavenging activities 
of  the phenolic compounds No 1–6 at different con-
centrations (15 and 30 μg/mL) were compared with 
α-tocopherol, BHA and quercetin, which are standard 
antioxidants. It was determined that no 4 and 5 of  phe-
nolic compounds with 30 μg/mL concentration and stan-
dards including BHA and quercetin showed 85% ABTS•+ 
scavenging activity. Phenolic compound with number 6 
was determined to have an activity of  81%. It has been 
found that, ABTS•+ scavenging activity of  the phenolic 
compounds No 1, 2 and 3 was 49.9%, 62.2% and 65.1% 
respectively, whereas BHA antioxidant standard was simi-
lar to phenolic compounds No 2 and 3, and it had 61% 
of  scavenging activity. As can be seen from the results, 
phenolic compounds numbered as 4, 5 and 6 found to 
have a very high ABTS•+ radical scavenging activity.

DISCUSSION

When the antioxidant defense system is weakened, the 
body cells become more susceptible to develop disease and 
loss/dysfunction in skeletal and muscular systems. Thus, 
we may be faced with the formation or the acceleration of  
formation of  hundreds of  disease. It is necessary to take 
sufficient antioxidant substances without exceeding the 
dose, in order to prevent and manage most of  the diseases.

Today, focus is on the antioxidants, which are present 
in the vegetables and increase both the resistance of  
the body against all kind of  difficulty and self  defense 
mechanism of  the human body. Use of  these kind of  
antioxidant-rich plants increases every day, and provides 

a large sum of  commercial income to the countries 
marketing these antioxidants directly or indirectly. For 
this reason, it’s important to determine and compare the 
antioxidant and antiradical properties of  some of  the 
phenolic compounds found in plants. 

For this reason, the antioxidant activity of  the phenolic 
compounds (1–6) (Table1), BHA, α-tocopherol and quer-
cetin has been determined in a series of  in vitro tests: 
DPPH• free radical scavenging, ABTS•+ radical scavenging, 
superoxide anion radical scavenging, total antioxidant 
activity by ferric thiocyanate method in linoleic acid emul-
sion, reducing power, metal chelating activities and hydro-
gen peroxide scavenging were performed.

As a result of  the reduction of  oxygen by accepting an 
electron, free superoxide radical anion occurs in almost 
all aerobic cells. Although superoxide (O2•

-) is a free radi-
cal, it does not damage the cells much. It is important 
that the superoxide (O2•

-) radical is the source of  hydro-
gen peroxide and it reduces the transition metal ions. 
Superoxide radicals (O2•

-) are precursor compounds for 
the active free radicals, which have potential to activate 
biological macro molecules and harm cells and tissues.23 
The O2•

- radicals are of  reactive oxygen types, which 
cause oxidative damage to the lipids, proteins and DNA 
structure found in living organism.24In addition, the 
superoxide anion(O2•

-) is an oxygen-based radical with 
a specific activity.

1–6 phenolic compounds and the standard antioxidant 
substances used have superoxide anion scavenging activ-
ity at 30 μg/mL of  concentration as follows: 2>a-tocophe
rol>BHA,Quercetin>1>5>6≈4. These values are 80.4%, 
75.1%, 69.0%, 60.7%, 45.4%, 41.3%, 20.7%, and 19.6% 
respectively. As shown in Table 2, it was observed that 
the scavenging of  superoxide anion radicals with phenolic 
compound No 2 was at the highest rate.

CONCLUSIONS

It’s found as a result of  our studies that some of  the 
phenolic compounds such as 4-Hydroxybenzoic acid  
(1), 3-Hydroxy-4-methoxycinnamic acid (2), 3-(4-Hydroxy-
3,5-dimethoxyphenyl)prop-2-enoic acid (Sinapic acid) 
(3), 4-Hydroxy-3,5-dimethoxybenzoic acid (4), 3,4-Dihy-
droxycinnamic acid (Caffeic acid) (5) and 5-Isopropyl-
2-methylphenol (6) (Table 1), which are naturally present 
in foods, have higher total antioxidant activity, radical scav-
enging and metal chelating activities than the widely used 
powerful antioxidant compounds such as BHA, Querce-
tin and α-tocopherol. Consequently, it›s suggested that the 

Figure 5.  ABTS•+ radical scavenging activity of  different con-
centrations (10, 30 μg/ml) of  phenolic compounds (1–6) and 
standart antioxidant α-Tocopherol, BHA, Quercetin.  
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consumption of  natural antioxidant compounds together 
with food or as a functional food will play an important 
role in the prevention of  many of  the diseases such as 
cancer and heart disease. In addition, these compounds 
(1–6) can also be used in the manufacture of  pharmaceu-
ticals due to their strong scavenging of  free radicals. 

REFERENCES

1.	 Kubow S. Lipid oxidation products in the food and atherogenesis. NutrRev. 
1993; 51:33–40.

2.	 Huang D, Ou B, Prior RL. The chemistry behind antioxidant capacity 
assays. J Agr Food Chem. 2005; 53:1841–56.

3.	 Berlett BS, Stadtman ER. Protein oxidation in aging, disease, and oxidative 
stress.  J Biol Chem. 1997; 272:20313–16.

4.	 Sohal RS. Role of oxidative stress and protein oxidation in the aging 
process. Free Radical Bio Med. 2002; 33:37–44.

5.	 Heinecke JW. Oxidized amino acids: Culprits in human atherosclerosis and 
indicators of oxidative stress. Free Radical Bio Med.2002;32:1090–101.

6.	 Yeldani AA, Kaufman DG, Reddy JK. Cell injury and cellular adaptations, 
inAnderson’s Pathology,ed. Damjanov I, Linder J,St. Louis.Mosby, 1996  
p 357–86.

7.	 Fiers W, Beyaert R, Declercq W, Vandenabeele P. More than one way to 
die: apoptosis, necrosis and reactive oxygen damage. Oncogene 1999; 
18:7719–30.

8.	 Jacob RA, BurrBJ. Oxidative damage and defence. Am J ClinNutr. 1996; 
63:985–90.

9.	 Myatt L, Cui XL. Oxidative stress in the placenta. HistochemCell Biol. 2004; 
122:369–82.

10.	 Nadaroglu H, Demir Y,Demir N. The antioxidant and radical 
scavenging properties of Iris germanica (Iridaceae). Pharm Chem. J. 
2007; 41:86–91.

11.	 Vinson JA, Dabbagh YA. Tea phenols: antioxidant effectiveness of teas, 
tea components, tea fractions and their binding with lipoproteins. NutrRes. 
1998; 18:1067–75.

12.	 Velioglu YS, Mazza G, Gao L, Oomah BD. Antioxidant activity and total 
phenolics in selected fruits, vegetables, and grain products. JAgri Food 
Chem. 1998; 46:4113–17.

13.	 Richelle M, Tavazzi I, Offord E. Comparison of the antioxidant activity of 
commonly consumed polyphenolic beverages (Coffee, Cocoa, and Tea) 
prepared per cup serving. JAgri Food Chem. 2001; 49:3438–42.

14.	 Shahidi F, Naczk M. Food Phenolics.Lancester: TechnomicPublishing 
Company Book;1995.

15.	 Baublis AJ, Clydesdale FM, Decker EA. Antioxidants in wheat-based 
breakfast cereals. Cereal Foods World. 2000; 45:71–4.

16.	 Blois MS. Antioxidant determinations by the use of a stable free radical. 
Nature. 1958; 26:1199–200.

17.	 Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C. 
Antioxidant activity applying an improved ABTS radical cationdecolorization 
assay. Free Radical Bio Med. 1999; 26:1231–7.

18.	 Zhishen J, Mengcheng T, Jianming W. The determination of flavonoid 
contents on mulberry and their scavenging effects on superoxide radical. 
Food Chem. 1999; 64:555–9.

19.	 Mitsuda H, Yuasumoto K, Iwami K. Antioxidation action of indole 
compounds during the autoxidation of linoleic acid. Nihon EiyoShokuryo 
Gakkai-Shi.1966; 19:210–4.

20.	 Yen GC, Chen HY. Antioxidant activity of various tea extracts in relation to 
their antimutagenicity. JAgr and Food Chem. 1995; 43:27–32.

21.	 Dinis TCP, Madeira VMC, Almeida LM. Action of phenolic derivatives 
(acetaminophen, salicylate, and 5-aminosalicylate) as inhibitors of 
membrane lipid peroxidation and as peroxyl radical scavengers. Arch 
BiochemBiophys. 1994; 315:161–9.

22.	 Ruch RJ, Cheng SJ, Klaunig JE. Prevention of cytotoxicity and inhibition of 
intracellular communication by antioxidant catechins isolated from Chinese 
green tea. Carcinogenesis. 1989; 10:1003–8.

23.	 Halliwell B, GutteridgeJM. Free Radicals in Biology and Medicine. Oxford: 
Clarendon Press; 1989.

24.	 Pietta PG. Flavonoids as antioxidants. J Nat Prod. 2000; 63:1035–42.


