
INTRODUCTION

Oxidation is essential to many living organisms' production
of energy-to-fuel biological processes. However, oxygen-
centered free radicals and other reactive oxygen species (ROS),
which are continuously, produced in vivo, result in cell death
and tissue damage. Oxidative damage caused by free radicals
may be related to aging and diseases, such as arteriosclerosis,
diabetes, cancer and cirrhosis1. In living organisms various
reactive oxygen species can be formed by different ways. These
ways are classified endogenous and exogenous sources2. Most
living species have an efficient defense system to protect them-
selves against the oxidative stress induced by reactive oxygen
species3. Reactive oxygen species, including superoxide anion
radicals (O2

•−), hydroxyl radical (HO•), nitric oxide radical
(NO•) and hydrogen peroxide (H2O2) are physiological
metabolites4,5. Also, excessive generation of reactive oxygen
species induced the antioxidant capacity of the organism leads
to a variety of pathophysiological processes such as inflam-
mation, diabetes, genotoxicity, cancer and aging. Those primary
derivates of oxygen play an important role in mediating reactive
oxygen species-related effects6.

Reactive oxygen species is also formed in aerobic cells
due to electron leakage from the electron transport chain.

Investigation of Antioxidant Activity and Total Anthocyanins from Blackberry

(Rubus hirtus Waldst. and Kit) and Cherry Laurel (Laurocerasus officinalis Roem)

AYTAÇ GÜDER
* and HALIL KORKMAZ

Department of Chemistry, Faculty of Arts and Sciences, Ondokuz Mayis University, Samsun, Turkey

*Corresponding author: Tel: +90 362 3121919 Ext.: 5035, Fax: +90 362 4576081; Email: aguder@omu.edu.tr; aytacguder@hotmail.com

Asian Journal of Chemistry;   Vol. 24, No. 10 (2012), 4525-4531

(Received: 8 August 2011; Accepted: 9 May 2012) AJC-11427

In present study, water and ethanol extracts of blackberry (Rubus hirtus Waldst. and Kit) and cherry laurel (Laurocerasus officinalis

Roem.) was studied for antioxidant properties. We investigated the antioxidant properties of blackberry and cherry laurel extracts by employing
several in vitro antioxidant assays such as total antioxidant activity, reducing abilities, DPPH free radical, superoxide anion radical and
hydrogen peroxide scavenging and ferrous ions chelating activities. In addition, total phenolic and total flavonoid contents in the both
extracts of fruits were determined as gallic acid equivalent. Butylated hydroxyanisole, butylated hydroxytoluene and α-tocopherol were
used as references antioxidant compounds. At the concentration of 50 µg/mL, water extracts of Rubus hirtus (WERH) and Laurocerasus

officinalis (WELO) showed 75.18 and 80.96 % inhibition on peroxidation of linoleic acid emulsion, respectively. At the same concentration,
ethanol extracts of Rubus hirtus (EERH) and Laurocerasus officinalis (EELO) exhibited 82.86 and 74.51 % inhibition on peroxidation of
linoleic acid emulsion, respectively. On the other hand, total anthocyanins were investigated in both extracts as µg/mL cyanidin-3-
glucoside (cyd-3-glu). A relationship has been found between antioxidant activity of extracts and total anthocyanins. The results acquired
in the present study indicate that both extracts have more effective antioxidant capacity than synthetic and natural standard compounds.

Key Words: Antioxidant activity, DPPH radical scavenging activity, Total phenol, Total flavonoid, Anthocyanin, Rubus hirtus

Waldst. and Kit, Laurocerasus officinalis Roem.

Superoxide anion radicals are also formed by activated
phagocytes such as monocytes, macrophages, eosinophils and
neutrophils and the production of superoxide anion radicals is
an important factor in the killing of bacteria by phagocytes. In
living organisms, superoxide anion radical is removed by the
superoxide dismutases (SOD)7,8. Reactive oxygen species can
easily initiate the peroxidation of the membrane lipids. The
peroxidation products by themselves and their secondary
oxidation products, such as malondialdehyde and 4-hyroxy-
nonenal which react with biological protein, amines and
deoxyribonucleic acid are highly reactive5,6.

There are a number of clinical studies suggesting that the
antioxidants in fruits, vegetables, tea and red wine are the main
factors for the observed efficacy of these foods in reducing the
incidence of chronic diseases including heart disease and some
cancers. The free radical scavenging activity of antioxidants in
foods has been substantially investigated and reported in the
literature9. Many antioxidant compounds, naturally occurring from
plant sources, have been identified as free radical or active oxygen
scavengers10. Recently, interest has increased considerably in find-
ing naturally occurring antioxidant for use in foods or medicinal
materials to replace synthetic antioxidants, which are being
restricted due to their side effects such as carcinogenicity11.



Plants respond to periodic changes in resource availability
in term of their growth, morphology and reproduction12. Rubus

species (Rosaceae) have been traditionally used for therapeutic
purposes. For instance, extracts of leaves and roots of this genus
have been used for the treatment of diabetes mellitus,
rheumatism, sore throat, hemorrhoid, diarrhea and similar
enteric disorders13. Different parts of Rubus species are used
in folk medicine for the treatment of numerous diseases such
as diabetes mellitus, inflammatory disorders, diarrhea,
hemorrhoids and ulcers14-16.

Laurocerasus officinalis Roem. belongs to the Rosaceae
family and is a popular fruit, mainly distributed in the coasts
of the Black Sea region of Turkey17. It is locally called Taflan
or Karayemis. This fruit is commonly used as vegetables and
medicinal fruits and an important fruit in Turkey. It is mostly
consumed as fresh fruit in local markets but may also be dried,
pickled and processed into pekmez, jam, marmalade and fruit
juice products. Besides its use for food, both fruit and seeds
of cherry laurel are well known as traditional medicines in
Turkey and have been used for many years for the treatment
of stomach ulcers, digestive system complaints, bronchitis,
eczemas, haemorrhoids and as a diuretic agent, among others18.
Different parts of this plant have been utilized for various
purposes. For example, almond flavouring, anti-spazmodics,
narcotics and sedative chemicals are obtained from its leaves.
The fruits and leaves have also been widely used in the
perfumery and dye industry19. And also these species have
antioxidant properties20.

The aim of this study was to investigate antioxidant
activity of water and ethanol extracts of fruits (RH and LO)
by using different antioxidant tests such as total antioxidant
activity, reducing power, superoxide anion radical scavenging,
hydrogen peroxide scavenging, free radical scavenging and
metal chelating activities. And, we measured the content of
total phenols, flavonoids and anthocyanins in fruit extracts.
The scope of the current paper is to investigate antioxidant
properties of RH and LO that are traditionally used for
medicinal purposes in Turkey.

EXPERIMENTAL

Ammonium thiocyanate, ferrous chloride, potassium
chloride, potassium hexacyanoferrate(III), ferric chloride and,
butylated hydroxy toluene (BHT) sodium acetate were purchased
from E. Merck. Linoleic acid, p-nitro-blue tetrazolium chloride
(NBT), 5-methylphenazinium methyl sulfate (PMS), nicotin-
amide adenine dinucleotide (NADH), absolute ethanol,
hydrogen peroxide, 2,2-diphenyl-1-picryl-hydrazyl (DPPH•),
3-(2-pyridyl)-5,6-bis-(4-phenyl-sulfonic acid)-1,2,4-triazine
(ferrozine), Folin and Ciocalteu' s phenol reagent (Folin C),
HCl, α-tocopherol, butylated hydroxyanisole (BHA), gallic
acid and trichloracetic acid (TCA) polyoxyethylene sorbitan
monolaurate (Tween-20) were purchased from Sigma (Sigma-
Aldrich GmbH, Sternheim, Germany). All other chemicals
were analytical grade and obtained from either Sigma-Aldrich
or Merck.

Preparation of fruit materials and extraction: RH fruit
was collected from Giresun and LO fruit was collected from
Samsun in Turkey, in June-August (2010). Then, fruits were
left in drying oven at 40 ºC. The dried samples were chopped

into small parts with a blender. They were subjected to
extraction using soxhlett extractor, with an absolute ethanol
or doubly-distilled water. Then the extracts were filtered over
Whatman No. 1 paper. Ethanol extracts were evaporated to
dryness. The filtrates were frozen and lyophilized in a
lyophilizator (Christ Alpha 1-2 LD Plus) at 10 µm Hg pressure
at -50 ºC. The fruit extracts were placed in a plastic flask and
then kept at -30 ºC until used.

Total antioxidant activity determination: Total antioxi-
dant activities of extracts were determined using the ferric
thiocyanate (FTC) method21. For stock solutions, 10 mg of
the lyophilized water extracts were dissolved in 10 mL doubly-
distilled water. 10 mg of the lyophilized ethanol extracts were
dissolved in 10 mL absolute ethanol. Extract and standard
solutions (50 µg/mL) were prepared in potassium phosphate
buffer (0.04 M, pH = 7.0) from stock solutions. 2.5 mL
extracts or standard materials was added to 2.5 mL linoleic
acid emulsion in potassium phosphate buffer (0.04 M, pH =
7.0). A 100 mL linoleic acid emulsion contained 0.31 mL li-
noleic acid, 0.35 g Tween-20 and potassium
phosphate buffer (0.04 M, pH = 7.0). For the control reaction,
2.5 mL linoleic acid emulsion and 2.5 mL potassium phosphate
buffer (0.04 M, pH = 7.0) were mixed. Each solution was then
incubated at 37 ºC in a glass flask in the dark. After that, 0.1
mL of each solution was diluted in ethanol (9.7 mL, 99 %),
NH4SCN (0.1 mL, 10 %) and FeCl2 (0.1 mL, 0.02 M). The
peroxide value was measured at 500 nm (Unicam UV2-100)
and the percentage of inhibition was determined. After the
linoleic acid oxidation, peroxides oxidize Fe2+ to Fe3+. The
latter ions form a complex with SCN– and, which has a
maximum absorbance at 500 nm. This step was repeated
every 10 h until the control reached its maximum absorbance
value. Therefore, high absorbance indicates high linoleic acid
emulsion oxidation. All tests were run triplicate and an analysis
of all samples was done in triplicate and averaged. The inhibition
of lipid peroxidation in percent was calculated by the following
equation:

Percentage inhibition lipid peroxidation = [1 - (As/Ac)] × 100
where, Ac was the absorbance of control reaction, which
contains only linoleic acid emulsion and phosphate buffer, As

was the absorbance of samples (extracts) or the standard
compounds22.

Ferric ions (Fe3+) reducing antioxidant power assay:

The Fe3+ reducing power capacity of extracts were determined
according to the method of Oyaizu23. The FRAP method is
based on a redox reaction in which an easily reduced oxidant
(Fe3+) is used in stoichiometric excess and antioxidants act as
reductants24. The different concentrations (50-250 µg/mL) of
extracts in 1 mL doubly-distilled water were mixed with
phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and [K3Fe(CN)6]
(2.5 mL, 1 %), then the mixture was incubated at 50 ºC for 20
min. Afterwards, TCA (2.5 mL, 10 %) was added to the
mixture, which was then centrifugated at 3000 rpm for 15 min
(MSE Mistral 2000, UK). The supernatant (1.0 mL) was mixed
with 1 mL of doubly-distilled water and FeCl3 (0.5 mL, 0.1
%) and the absorbance was measured at 700 nm (Unicam UV2-
100). The presence of reductants such as antioxidant substances
in the antioxidant samples causes the reduction of the
[Fe(CN)6]3- complex to the [Fe(CN)6]4–. Therefore, Fe2+ can
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be monitored by measuring the formation of Perl's Prussian
Blue (Fe4[Fe(CN)6]3) at 700 nm25. Higher absorbance of the
reaction mixture indicated increased reducing power. The
percentage inhibition of FRAP was calculated using the
following formula:

Ferric ions reducing power (%) = (As/Ac) × 100
where, Ac was the absorbance of control ( L-ascorbic acid),
As was the absorbance of samples (extracts) or the standard
compounds.

Superoxide anion radical scavenging activity: Super-
oxide anion (O2

•−) scavenging activities of extracts were
determined according to the Nishimiki slightly modified26.
Superoxide radicals are produced in phenazinemethosulphate
(PMS)-nicotinamide adenine dinucleotide (NADH) systems
by oxidation of NADH and assayed by the reduction of
nitroblue tetrazolium (NBT). In this experiments, the super-
oxide radicals were produced in 3 mL of Tris-HCl buffer (16
mM, pH 8.0) containing 1 mL of NBT (156 µM in 0.1 M
phosphate buffer, pH = 7.4) solution, 1 mL NADH (468 µM
in 0.1 M phosphate buffer, pH = 7.4) solution and 1 mL sample
extract (50 µg/mL) were mixed. The reaction was started by
adding 0.1 mL of PMS solution (60 µM PMS in 0.1 M phos-
phate buffer, pH = 7.4) to the mixtures. The reaction mixtures
were incubated at 25 ºC for 5 min and the absorbance was
measured at 560 nm in a spectrophotometer (Unicam UV2-
100. Decrease in absorbance values of the reaction mixtures
indicated increased superoxide anion scavenging activities. The
percentage inhibition of superoxide anion generation was
calculated using the following formula:

Superoxide anion scavenging effect (%) = [1 - (As/Ac)] × 100

where, Ac is the absorbance of the control and As is the absor-
bance of samples (extracts) or standards27.

Hydrogen peroxide scavenging activity: The ability of
the ethanol and water extracts to scavenge hydrogen peroxide
was carried out following the procedure of Ruch et al.28. For
this aim, a solution of H2O2 (40 mM) was prepared in phos-
phate buffer (0.1 M, pH 7.4). Hydrogen peroxide concentration
was determined from absorption at 230 nm in a spectrophoto-
meter (Unicam UV2-100). 3.4 mL extract solutions at 50 µg/
mL concentration in phosphate buffer were added to 0.6 mL
hydrogen peroxide solution. Absorbance of hydrogen peroxide
at 230 nm was determined after ten minutes against a blank
solution containing in phosphate buffer (pH 7.4) without
hydrogen peroxide. The percentage of scavenging H2O2 of
extracts and standard compounds were estimated using the
following equation:

H2O2 scavenging effect (%) = [1-(As/Ac)] × 100
where, Ac is the absorbance of the control and As is the absor-
bance in the presence of the samples (extracts) or standards.
Triplicate samples were run for each set and averaged.

DPPH• free radical scavenging activity: The free radical
scavenging activity of extracts was measured by 2,2-diphenyl-
1-picryl-hydrazyl (DPPH•) using the method of Shimada
et al.29. Solution of DPPH• (0.2 mM) in ethanol was prepared.
Then, 1 mL of this solution was added to 3 mL of extract
solutions at 250 µg/mL concentration. The mixtures were
shook forcefully and allowed to stand at room temperature
for 30 min. Then the absorbance was measured at 517 nm in a
spectrophotometer (Unicam UV2-100). The absorbance of the

DPPH• control (containing no sample) was also noted like these
of samples. Lower absorbance values of the reaction mixtures
indicated higher free radical scavenging activities. The DPPH•

concentration (µM) was calculated using calibration curve (R2

= 0.9895). Triplicate samples were run for each set and averaged30.
Absorbance = 15.531 × [DPPH•] - 0.0612

Ferrous metal ions chelating activity: Metal chelating
activity of ferrous ions by the extracts and standards were
estimated by the method of Dinis et al.31. 1 mL FeCl2 solution
(2 mM) was added to 5 mL of extract solutions at different
concentrations (50-250 µg/mL). The reaction was started by
the addition of 0.2 mL ferrozine (5 mM) and the mixtures
were shook forcefully and left standing at room temperature
for 10 min. After the mixtures had reached equilibrium, the
absorbance of the solution was then measured at 562 nm in a
spectrophotometer (Unicam UV2-100). The control contains
only FeCl2 and ferrozine, complex formation molecules.

The percentage of inhibition of ferrozine-Fe2+ complex
formation was calculated using the following equation:

Fe2+ chelating effect (%) = [1 - (As/Ac)] × 100
where, Ac is the absorbance of the control, As is the absorbance
in the presence of the samples (extracts) and standards. Tripli-
cate samples were run for each set and averaged.

Determination of total phenolic compounds: Total
phenolic compounds in the extracts were determined using
gallic acid as a standard phenolic compound32. Fruit extract
solutions (1000 µg/mL) were prepared. Then, each solution
was diluted with 46 mL distilled water. 1 mL of Folin-Ciocalteu
reagent was added and the content of the flask was mixed
thoroughly. After 3 min, 3 mL of Na2CO3 (2 %) was added
and then was allowed to stand for 2 h with intermittent shaking.
The absorbance was measured at 760 nm in a spectrophoto-
meter (Unicam UV2-100). The total concentration of phenolic
compounds in the extracts determined as microgram of gallic
acid equivalent by using an equation that was obtained from
standard gallic acid graph (R2 =  0.9908).

Absorbance = 0.0464 × total phenols [gallic
acid equivalent (µg)] - 0.0144

Determination of total flavonoid contents: The total
flavonoid was determined according to colourimetric method33.
Firstly, each powder product (0.1 g) derived from lyophilized
fruit extracts were dissolved in 0.1 mL ethanol or water. This
solution (0.1 mL) was placed in a 10 mL volumetric flask. dd
H2O was added to make 5 mL and 0.3 mL 20 % NaNO2 were
added. 3 mL 10 % AlCl3.6H2O was added 5 min later. After 6
min, 2 mL NaOH (1 M) was added and the total volume was
made up to 10 mL with double distilled water. The solution
was mixed well again and the absorbance was measured at
510 nm in a spectrophotometer (Unicam UV2-100). Gallic
acid was chosen as the standard. Using standard curve, the
levels of total flavonoid contents in sample extract were
determined in triplicate. The total concentration of flavonoid
contents in the extracts determined as microgram of gallic acid
equivalent by using an equation that was obtained from standard
gallic acid graph (R2 = 0.9968).

Absorbance = 0.0596 × total flavonoid [gallic
acid equivalent (µg)] - 0.0424

Determination of total anthocyanin contents: The
total anthocyanin was determined according to reported
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methods34,35. The dried extract samples (1 g) mixed in 50 mL
HCl (1.0 %) and then were centrifugated at 3000 rpm for
10 min (MSE Mistral 2000, UK). Two supernatants tubes
(0.2 mL) were prepared with buffer solutions, one with pH 1
buffer and the other with pH 4.5 buffer. The solutions were
measured at 520 and 700 nm in a spectrophotometer (Unicam
UV2-100). Buffer solutions were used as blank tubes in this
experiment.

pH 1 buffer (potassium chloride, 0.025 M): 1.86 g KCl
into a beaker and add 980 mL doubly-distilled water. Measure
the pH and adjust pH to 1 (± 0.05) with HCl. Transfer to a 1 L
volumetric flask and dilute to volume with doubly-distilled
water.

pH 4.5 buffer (sodium acetate, 0.4 M): 54.43 g
CH3COONa·3H2O in a beaker and add 960 mL doubly-
distilled water. Measure the pH and adjust pH to 4.5 (± 0.05)
with HCl. Transfer to a 1 L volumetric flask and dilute to
volume with doubly-distilled water.

Calculate total anthocyanin contents in the extracts deter-
mined as mg/L of cyanidin-3-glucoside (cyd-3-glu) equivalent
using the following equation:

Anthocyanin pigment (cyd-3-glu equivalent, mg/L) =

l×ε

×××
−−

3
glu3cyd 10DFMWA

where, A = (A520 nm - A700 nm) pH1.0 - (A520 nm - A700 nm) pH 4.5,
MWcyd-3-glu (molecular weight for cyanidin-3-glucoside) =
449.2 g/mol, DF = dilution factor, l = path length in cm, ε =
26900 molar extinction coefficient for cyd-3-glu (L × mol-1 ×
cm-1) and 103 = factor for conversion from g to mg.

Statistical analysis: Experimental results were given as
mean ± S.D. of the three parallel measurements. Analysis of
variance was performed by ANOVA procedures. Significant
differences between means were determined by Duncan's
Multiple Range tests. P values < 0.05 were regarded as signi-
ficant. Both operations were done with SPSS 15.0 for Windows.

RESULTS AND DISCUSSION

Total antioxidant activity: Water and ethanol extracts
of blackberry (Rubus hirtus) (RH) and herry laurel (Laurocerasus

officinalis) (LO) fruits demonstrated antioxidant activity. Anti-
oxidant activities were determined by ferric thiocyanate (FTC)
method. This method measures the amount of peroxide produced
during the initial stages of oxidation, which is the primary
product of lipid oxidation. In this assay, hydroperoxide produced
by linoleic acid added to the reaction mixture, which had oxidized
by air during the experimental period, was indirectly measured.
Ferrous chloride and thiocyanate react with each other to
produce ferrous thiocyanate by means of hydroperoxide36.

The results of activity assays of extracts of fruits after
100 h incubation with linoleic acid emulsion are also summa-
rized as inhibition % in Fig. 1. The percentage inhibition values
were calculated at 60 h (Fig. 2). The oxidation of linoleic acid
was inhibited by the tested extracts except for extracts in
comparison with the control. The different concentration of
extracts showed higher antioxidant activities than butylated
hydroxyanisole, butylated hydroxytoluene and α-tocopherol.
Ethanolic extract of Rubus hirtus has the most effective inhibi-
tion in this part (82.86 %). The other ethanolic extracts of LO

exhibited potent antioxidant activity with 74.51 % inhibition.
The water extracts of RH and LO demonstrated antioxidant
activities with 75.18 % and 80.96 % inhibition, respectively.
However, the same concentration of butylated hydroxyanisole,
butylated hydroxy toluene and α-tocopherol inhibited lipid
peroxidation up to 72.93, 70.93 and 65.46 %, respectively.

Fig. 1. Total antioxidant activities of extracts and BHA, BHT, α-TOC in
the linoleic acid emulsion system by FTC method at the same
concentration (50 µg/mL). WERH: (Rubus hirtus water extract),
WELO: (Laurocerasus officinalis water extract), EERH: (Rubus

hirtus ethanolic extract), EELO: (Laurocerasus officinalis ethanolic
extract) BHA (butylated hydroxyanisole), BHT: (butylated
hydroxytoluene), TOC: (α-tocopherol). Left axis for control and
right axis for samples and standards

Fig. 2. Inhibition (%) of lipid peroxidation by extracts and BHA, BHT, α-
TOC at the same concentration (50 µg/mL) at 60 h. WERH: (Rubus

hirtus water extract), WELO: (Laurocerasus officinalis water
extract), EERH: (Rubus hirtus ethanolic extract), EELO:
(Laurocerasus officinalis ethanolic extract) BHA (butylated
hydroxyanisole), BHT: (butylated hydroxytoluene), TOC: (α-
tocopherol)

Fe3+ reducing power capacity: The reducing capacity of
a compound may serve as a significant indicator of its potential
antioxidant activity37. Fig. 3 shows the reductive capability of
extracts compared to butylated hydroxyanisole, butylated
hydroxytoluene and α-tocopherol. The reducing capacity of a
compound may serve as a significant indicator of its potential
antioxidant activity37. The reducing power of extracts increased
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with increasing amount of sample. All extracts demonstrated
efficient reducing power than butylated hydroxy toluene and
α-tocopherol. Butylated hydroxyanisole demonsrated higher
reductive activity than WELO but this difference was statisti-
cally insignificant (P < 0.01). Reducing power of extracts and
standards exhibited the following order: BHA≈WELO > EELO
> WERH > EERH > BHT > α-tocopherol. There are a number
of assays designed to measure overall antioxidant activity or
reducing potential, as an indication of host's total capacity to
withstand free radical stress38. FRAP assay takes advantage of
an electron transfer reaction in which a ferric salt is used as an
oxidant24. In this assay, the yellow colour of the test solution
changes to various shades of green and blue depending on the
reducing power of antioxidant samples. The reducing capacity
of a compound may serve as a significant indicator of its
potential antioxidant activity.

Fig. 3. Reducing power of extracts and BHA, BHT, α-TOC by Oyaizu
method on different concentrations (50-250 µg/mL). WERH: (Rubus

hirtus water extract), WELO: (Laurocerasus officinalis water
extract), EERH: (Rubus hirtus ethanolic extract), EELO:
(Laurocerasus officinalis ethanolic extract) BHA (butylated
hydroxyanisole), BHT: (butylated hydroxytoluene), TOC: (α-
tocopherol)

Superoxide anion radical scavenging activity: The
primary free radical in most biological systems is superoxide
anion radical (O2

•−). Although O2
•− itself is quite unreactive

compared to the other radicals, the biological systems convert
it into more reactive species39. O2

•−, which is a reduced form
of O2, has been implicated in the initiating oxidation reactions
associated with aging40. In the PMS-NADH-NBT system,
superoxide anion derived from dissolved oxygen by PMS-
NADH coupling reaction reduces NBT. Fig. 4 presented the
superoxide anion radical scavenging activity of extracts and
was compared with the same dose of known antioxidants
butylated hydroxyanisole, butylated hydroxytoluene and α-
tocopherol. All of the extracts had strong superoxide anion
radical scavenging activity than standard antioxidants (P <
0.05). Superoxide radical scavenging activity of 50 µg/mL
concentration of those samples followed the order: WELO >
WERH > EERH > EELO > BHA > BHT > α-tocopherol.
Inhibition values are found 94.50, 93.33, 88.00, 85.17, 83.33,
81.33 and 65.50%, respectively.

Fig. 4. Superoxide anion radical scavenging activities (SARSA) and H2O2
scavenging activities (HPSA) of extracts and BHA, BHT and α-
TOC at the same concentration (50 µg/mL). WERH: (Rubus hirtus

water extract), WELO: (Laurocerasus officinalis water extract),
EERH: (Rubus hirtus ethanolic extract), EELO: (Laurocerasus

officinalis ethanolic extract) BHA (butylated hydroxyanisole), BHT:
(butylated hydroxytoluene), TOC: (α-tocopherol)

Hydrogen peroxide scavenging activity: Hydrogen
peroxide is also produced in biological systems and it is not
very reactive. However, it can be toxic to cells sometimes
because it may give rise to OH• within the cells. Addition of
hydrogen peroxide to cells in culture can lead to transition
metal ion-dependent OH• mediating oxidative DNA damage.
Thus, removing hydrogen peroxide as well as superoxide
anion, is very important for protection of pharmaceuticals and
food systems41. The scavenging ability of extracts on H2O2 is
shown in Fig. 4 and compared with that of butylated hydroxy-
anisole, butylated hydroxy toluene and α-tocopherol as
standards. Extracts were capable of scavenging H2O2 in a
concentration-dependent manner. These results showed that
both extracts had stronger H2O2 scavenging activity. On the
other hand, extracts are not effective as standards exclusive of
EELO. The H2O2 scavenging activity of 50 µg/mL concentration
of the both extracts and standards decreased in the order of
BHT (81.95) > BHA (73.57) > EELO (70.75) > α-tocopherol
(68.80) > WELO (67.38) > WERH (62.67) > EERH (53.27).
H2O2 itself is not very reactive, but it can sometimes be toxic
to cell because it may give rise to OH• in the cells42.

DPPH free radical scavenging activity: The effect of
antioxidants on DPPH• radical scavenging is thought to be
due to their hydrogen or electron donating abilities. DPPH• is
a stable free radical and accepts an electron or hydrogen radical
to become a stable diamagnetic molecule43. DPPH• is moni-
tored at a characteristic wavelength in the presence of the
sample. In its radical form, DPPH• absorbs at 517 nm, but
upon reduction by an antioxidant or a radical species its
absorption decreases. When a hydrogen atom or electron was
transferred to the odd electron in DPPH•, the absorbance at
517 nm decreased proportionally to the increases of non-
radical forms of DPPH44. Fig. 5 illustrates a significant (P <
0.05) decrease in the concentration of DPPH• due to the scaven-
ging ability of extracts and standards. The scavenging effects
of extracts and standards on the DPPH• decreased in that order:
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BHA > BHT > WELO > WERH > EELO > EERH > α-toco-
pherol, which were 94.11, 88.73, 88.28, 86.92, 85.82, 83.61
and 77.07 %, respectively. DPPH• scavenging activity also
increased with increasing concentration.

Fig. 5. Comparison of DPPH radical scavenging activities of extracts and
BHA, BHT and α-TOC at the same concentration (250 µg/mL).
WERH: (Rubus hirtus water extract), WELO: (Laurocerasus

officinalis water extract), EERH: (Rubus hirtus ethanolic extract),
EELO: (Laurocerasus officinalis ethanolic extract) BHA (butylated
hydroxyanisole), BHT: (butylated hydroxytoluene), TOC: (α-
tocopherol)

Ferrous ions chelating activity: Metal chelating capacity
is important since it reduced the concentration of the catalyzing
transition metal in lipid peroxidation22. Ferrozine can quanti-
tatively form complexes with Fe2+. In the presence of chelating
agents the complex formation is disrupted, resulting in a
decrease in the red colour of the complex. Measurement of
colour reduction therefore allows estimating the metal chela-
ting activity of the coexisting chelator. Lower absorbance
indicates higher metal chelating activity. Metal chelation is an
important antioxidant property45. In this assay, fruit extracts
interfered with the formation of ferrous and ferrozine complex
suggesting that they have chelating activity and are capable of
capturing ferrous ion before ferrozine. As shown in Fig. 6, the
formation of the ferrous and ferrozine complex is not complete
in the presence of extracts indicating both extracts chelate with
the Fe2+. The difference between 100 and 250 µg/mL was
statistically insignificant (P > 0.05). The metal chelating
activity of both extracts and standards decreased in the order
of α-tocopherol > BHA > WELO > WERH > EERH > EELO
> BHT.

Total phenolic contents: Phenolic compounds are very
important plant constituents because of their ability to scavenge
free radicals and active oxygen species such as singlet oxygen,
free radicals and hydroxyl radicals46,47. In our investigation,
161.63 to 261.13 µg gallic acid equivalent of phenols was
detected in 1 mg of dried extracts. Table-1 shows total phenols
as gallic acid equivalent in both extracts.

These results indicate that there is no correlation between
antioxidant activity and total phenolic content. However, diffe-
rent results were reported on this aspect. Some authors found
correlation between phenolic content and antioxidant activity,
whereas the others found no such relationship, since other

compounds are responsible for the antioxidant activity48,49. The
phenolic compounds may contribute directly to antioxidative
action22. The high antioxidant activity was not correlated with
the phenol content, probably other factors played major roles
as antioxidants50.

Fig. 6. Metal chelating activities of extracts and BHA, BHT and α-TOC
on ferrous ions at different concentrations (50-250 µg/mL). WERH:
(Rubus hirtus water extract), WELO: (Laurocerasus officinalis water
extract), EERH: (Rubus hirtus ethanolic extract), EELO:
(Laurocerasus officinalis ethanolic extract) BHA (butylated
hydroxyanisole), BHT: (butylated hydroxytoluene), TOC: (α-
tocopherol)

Total flavonoid contents: Flavonoids are a group of interes-
ting compounds that not only give fruits and vegetables various
red, blue, or violet colours, but also are related to the group of
bioactive compounds called stilbenes51. Flavonoids are very
important plant constituents because of active hydroxyl groups
and show antioxidant activity52. The contents of flavonoid in
the extracts, determined from the regression equation of the
calibration curve and expressed in gallic acid equivalents, varied
from 34.54 to 55.77 µg gallic acid equivalent of flavonoid was
detected in 1 mg of dried extracts (Table -1).

TABLE-1 
TOTAL PHENOL, FLAVONOID AND  

ANTHOCYANINS CONTENTS 

 Total phenolsa Total flavonoidsa Total anthocyaninsb 

WERH 238.19 ± 8.02 44.15 ± 1.13 14.36 ± 0.93 
WELO 261.13 ± 6.58 55.17 ± 2.25 14.7 ± 0.88 
EERH 180.58 ± 5.04 34.54 ± 1.08 16.36 ± 0.91 
EELO 161.63 ± 4.10 37.10 ± 1.29 13.19 ± 0.82 
aMicrogram/milligram gallic acid equivalent; bMilligram/L cyanidin-3-
glucoside equivalent; WERH: (Rubus hirtus water extract), WELO: 
(Laurocerasus officinalis water extract), EERH: (Rubus hirtus 
ethanolic extract), EELO: (Laurocerasus officinalis ethanolic extract) 

 
Total anthocyanin contents: The anthocyanins constitute

a major flavonoid group that is responsible for cyanic colours
ranging from salmon pink through red and violet to dark blue
of most flowers, fruits and leaves of angiosperms. Regular
consumption of anthocyanins and other polyphenols in fruits,
vegetables, wines, jams and preserves is associated with
probable reduced risks of chronic diseases such as cancer, car-
diovascular diseases, virus inhibition and Alzheimer's disease.
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Anthocyanins and other flavonoids are regarded as important
nutraceuticals mainly due to their antioxidant effects, which
give them a potential role in prevention of the various diseases
associated with oxidative stress. However, flavonoids have
further been recognized to modulate the activity of a wide
range of enzymes and cell receptors53.

Total anthocyanin contents in extracts ranged from 13.19
to 16.36 mg/L as cyanidin 3-glucoside equivalents (Table-1).
It is to be expected that several activities might be related to a
possible antioxidant action from anthocyanosides like poly-
phenol compounds54. Polyphenols have been found to be one
of the most effective antioxidant constituents in plant foods,
including fruits, vegetables and grains50.

Conclusion

We can confirm that our results clearly show that both
extracts had strong antioxidant activity, reducing power,
superoxide anion radical scavenging, hydrogen peroxide scav-
enging, free radical scavenging and metal chelating activities
when compared with natural and synthetic standard antioxi-
dants such as butylated hydroxyanisole, butylated hydroxy-
toluene and α-tocopherol. The various antioxidant mechanisms
of RH and LO may be attributed to effective hydrogen or electron
donating abilities, a metal chelating ability and their effec-
tiveness as good scavengers of hydrogen peroxide, superoxide
and free radicals. In addition, phenolic compounds appear to
be responsible for the antioxidant activities of RH and LO.
Especially the reducing power of RH and LO were excellent
and increased steadily with the increasing concentration. In
general, the greater reducing power and metal chelating activity
of one antioxidant compound may relate to its marked anti-
oxidant activity. These results obtained from this study show
that RH and LO can be used as easy accessible source of natural
antioxidants as a possible food supplement or in pharmaceutical
and medical industry. However, the components responsible
for the antioxidant activity of extracts are currently unclear.
Therefore, it is suggested that further work could be done on
the isolation and identification of the antioxidative components
especially anthocyanins in RH and LO.
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