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ABSTRACT

This research reports the in vitro free radical scavenging activity of Dacryodes edulis (Burseraceae) using
three different assay methods. Scavenging effect on 2, 2-diphenylpicrylhydrazyl (DPPH) radical at 517 nm, on
hydroxyl radical generated by hydrogen peroxide at 285 nm and peroxide oxidation at 500 nm by ferric
thiocyanate method in a UV-Visible spectrophotometric assay. Butylated hydroxyanisole (BHA), ascorbic acid
and a-tocopherol were used as reference standards. D. edulis has enjoyed many ethno medicinal applications
but little is known about its antioxidant chemistry and pharmacology. The crude methanolic extract obtained
by maceration was partitioned successively in n-hexane, ethyl acetate and butanol. Free radical scavenging
activities were then carried out on the different fractions. The result of this analysis showed that different
mechanisms exist in the free radical scavenging activities of the plant extracts and that the polarity of the
extracts also plays a major role. Significant differences (P<0.05) occurred in the absorbance values of samples
and reference compounds. In the DPPH assay the fractions gave %inhibition of 62 - 93% at 1.0 – 0.0625
mg/ml. The activity though lower than that of ascorbic acid and BHA was however better than that of
α–tocopherol. The ethyl acetate fraction showed better inhibition than the entire tested fractions at 1.0 mg/ml.
Scavenging of hydroxyl radical generated from hydrogen peroxide by fractions from D. edulis gave %
inhibition of 60-97% at the same concentration. Activity was found to be better especially with the non-polar
n-hexane fraction. But in the Ferric thiocyanate method the concentration of peroxide decreases as the
antioxidant activity increases with D. edulis butanol fraction having the highest scavenging activity. The high
antioxidant activity of the plant extracts at low concentration and different mode of action shows that the plant
could be useful for the treatment of ailments resulting from oxidative stress.
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Introduction
 

The family Burseraceae also known as
Torchwood or Incense tree family are usually tree or
shrubs native to tropical regions of Africa, Asia and
America. They contain 18 general and about 540
species of flowering plants. This family is
characterized by non-allergenic resins and other
medicinally important plant secondary metabolites.

Dacryodes edulis belongs to this family and is an
evergreen fruit tree native to Africa commonly called
African pear. The plant has enjoyed a lot of
medicinal applications which include treatment of
some parasitic skin and respiratory diseases. A
number of pharmacological research has also been
reported for D. edulis [15,1,3,4,5,12]. But little is
known about the antioxidant chemistry. Earlier work
on the in vitro antioxidant activity was on the



2914Adv. Environ. Biol., 5(9): 2913-2918, 2011

column fractions obtained from hexane extract of D.
edulis using 2, 2-diphenyl-1-picrylhydrazyl radical
(DPPH) only [12]. The result of the analysis showed
that the hexane fractions do have lower scavenging
effects when compared with standards. This prompted
this recent research work to determine free radical
scavenging activity of different solvent extracts of D.
edulis ranging from non-polar, moderately polar to
highly polar extracts. The quantitative antioxidant
property was determined by two other methods not
yet reported in literature for this plant namely:
scavenging effect on hydroxyl radical generated by
hydrogen peroxide and peroxide oxidation by ferric
thiocyanate method. 2, 2-Diphenyl-1-picrylhydrazyl
radical (DPPH) will also be used in the current
assay. Butylated hydroxyanisole (BHA), ascorbic acid
and a-tocopherol were used as reference standards.
The mechanism of action of the antioxidant effect of
D. edulis was also determined in this assay [2,6,13].

Materials and methods

Plant Collection and Identification:

Fresh leaves of Dacryodes edulis was identified
by Mr Donatus of Department of Botany and
Microbiology of the Faculty of Science University of
Ibadan and were collected at Abadina area,
University of Ibadan, Oyo State in June, 2010 and
confirmed at the Federal Research Institute, Ibadan
(FRIN) where a voucher specimen is deposited (FHI
106456)

Chemicals and Reagents:

Ethyl acetate, hexane, methanol, butanol,
chloroform, hydrochloric acid, ammonia solution,
naphthol, bismuth nitrate, potassium iodide, sodium
hydroxide, copper acetate, NaOH, sodium chloride,
copper sulphate pentahydrate, ferric chloride, conc.
tetraoxosulphate (VI) acid, Conc. HCl, ammonia
solution, sodium potassium tartarate, linoleic acid,
ammonium thiocynate, ethanol, ferrous chloride,
hydrochloric acid, potassium chloride, glacial acetic
acid, disodium hydrogen phosphate, and dihydrogen
potassium phosphate were all BDH general  purpose
chemica ls  and dis t i l led  pr ior  to  use .
Dimethylsulphoxide (M&B, England), hydrogen
peroxide (Merck, Germany) and 2, 2 - diphenyl-1-
picrylhydrazyl (DPPH), ascorbic acid, Butylated
hydroxylanisole (BHA) and α-tocopherol were
obtained from Sigma Chemical Co (St Louis, MO).
Brine shrimp larvae eggs were obtained from Ocean
Star International, Inc. Company, USA.

Equipment and Apparatus:

Rotavapor RII0 (Buchi, England), Soxhlet
apparatus,   Mettler analytical balance H80 (UK), 
Water Bath (Gallenkamp), silica gel GF254 (precoated

aluminium sheets - Merck Germany), pH meter
(Jenway model), UV-Visible spectrophotometer (UV-
Visible spectrophotometer (UVD-2960 model
equipped with a UVWIN software version
LABOMED INC, USA).

Sample Preparation:

Fresh leaves of Dacryodes edulis was collected,
weighed and air-dried for 3 weeks until the weight
was constant and then pulverized using mill machine.
The pulverized samples were weighed and kept for
further analysis. 

Extraction/ Partitioning Procedure: 

The dried plant material (1 kg) was obtained by
maceration in 3 l of methanol. The extracts were
collected and concentrated with the aid of a Bucchi
rotavapor and stored in a desiccator prior to further
analysis. Thin Layer Chromatography (TLC) was
employed using silica gel 60 F254 precoated plates and
solvent system: Ethyl acetate/methanol (8:2) to detect
antioxidant activity by using 2, 2-diphenyl-1-
picrylhydrazylradical (DPPH) as a spray reagent.
Yellow coloration on the spots on the TLC plates
indicates that the methanolic extract of Dacryodes
edulis has antioxidant activity. The crude methanolic
extract was partitioned in hexane, ethylacetate and
butanol. Thereafter, free radical scavenging activity
test were carried out on the fractions using the
following spectrophotometric experiments; scavenging
effect on DPPH, scavenging effect on hydroxyl
radical generated by hydrogen peroxide and peroxide
oxidation by ferric thiocyanate method. 

Antioxidant activities of Dacryodes edulis extracts:
Scavenging Effect on DPPH:

The antioxidant activity or the capacity to
scavenge the “stable” free radical DPPH was
determined using the DPPH free – radical scavenging
method. A 3.94 mg of 2, 2-diphenyl-1-picryhydrazyl
radical (DPPH), a stable radical was dissolved in
methanol (100ml) to give a 100 µM solution. To 3.0
ml of the methanolic solutions of DPPH was added
0.5 ml of each of the fractions with doses ranging
from 1.0 mg/ml to 0.0625 mg/ml [3,8,10]. The
decrease in absorption at 517 nm of DPPH was
measured 10 minutes later. The actual decrease in
absorption was measured against that of the control
and the percentage inhibition was also calculated.
The same experiment was carried out on butylated
hydroxylanisole (BHA), α-tocopherol and ascorbic
acid which are known antioxidants. All test and
analysis were run in triplicates and the results
obtained were averaged. The radical scavenging
activity (RSA) was calculated as the percentage
inhibition of DPPH discoloration using the equation
below:
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% inhibition = {(ADPPH – AS)/ADPPH} x 100 
Where AS is the absorbance of the solution and

ADPPH is the absorbance of the DPPH solution.

Scavenging Effect on Hydrogen Peroxide: 

Spectrophotometric determination of the extracts
of Dacryodes edulis was carried out at 285 nm. A
solution of 2 mM hydrogen peroxide was prepared in
phosphate buffered-saline (PBS) pH 7.4. The
fractions at the following concentrations; 0.1-
0.00625 mg/ml was added to the H2O2 solution.
Decrease in absorbance of H2O2 at 285nm was
determined spectrophotometrically 10 minutes later
against a blank solution containing the test extracts
in PBS without H2O2. All tests were run in triplicates
and averaged [9,14]. The same experiment was
carried out on Butylatedhydroxyanisole (BHA),
ascorbic acid and α-tocopherol which are known
antioxidant standards.

Antioxidant Activity by Ferric Thiocyanate Method:

The antioxidant activities in the methanol,
hexane, ethyl acetate and butanol fractions of the
plant material were determined by ferric thiocyanate
method [7]. 10 mg of each extract was dissolved
separately in 99.5% of ethanol and various
concentrations (50, 100, 250, 500 μg/ml) were
prepared. A mixture of a 2 ml of sample in 99.5%
ethanol, 2.0 ml of 2.51% linoleic acid in 99.5%
ethanol, 4 ml of 0.05 M phosphate buffer (pH 7.0)
and 2 ml of water was placed in a vial with a screw
cap and placed in an oven at 600C in the dark. To
0.1 ml of this sample solution, 10 ml of 75% ethanol
and 0.1 ml of 30% ammonium thiocynate was added.
After the addition of 0.1 ml of 2 x 10-2 M ferrous
chloride in 3.5% hydrochloric acid to the reaction
mixture, the absorbance of the red colour developed
was measured in 3 min at 500 nm. The control and
standards were subjected to the same procedures as
the sample, except that for the control, only solvent
was added, and for the standard, sample was
replaced with the same amount of Butylated
hydroxyanisole (BHA), ascorbic acid and α-
tocopherol (reference compounds) [11]. All test and
analysis were run in triplicates and the results
obtained were averaged. The inhibition of lipid
peroxidation in percentage was calculated using the
equation:
% Inhibition = 1 - (A1/A2) X 100

Where A1 was the absorbance of the test sample
and A2 was the absorbance of the control reaction.

Results and discussion
 
Scavenging Effects on DPPH:
  

2,2-diphenyl-1-picryhydrazyl radical (DPPH) is
a stable free radical which accepts an electron or

hydrogen radical to become a stable diamagnetic
molecule [14]. DPPH is an example of a lipophilic
radical. Lipid autoxidation is known to initiate a
chain reaction in lipophilic radical. The reduction in
absorbance of DPPH at 517nm caused by the
samples was measured in triplicate after 10min. The
tested samples showed very good activity when
compared to the standard used (Table 1). There was
decrease in absorption at 517 nm indicating that the
fractions have hydrogen donating ability or can
scavenge free radicals.  From our analysis, a larger
percentage of the samples showed the ability to
scavenge the free radical used in a concentration
dependent manner. The observation was further
corroborated by the calculated percentage inhibition.
Fractions from D. edulis had good activities as free
radical scavengers when compared with controls,
ascorbic acid, Butylated hydroxylanisole (BHA) and
α –Tocopherol (Table 2). The fractions gave
%inhibition of 62 - 93% at 1.0 – 0.0625 mg/ml. The
activity is however lower than that of ascorbic acid
and BHA but better than that of α –tocopherol. The
ethylacetate fraction showed better inhibition than the
entire tested fractions at 1.0 mg/ml (Table 2). 

Scavenging Effects on Hydrogen Peroxide (H2O2):

Hydroxyl radical are known to cause free radical
chain reactions which causes oxidative stress leading
to diseases like cancer, parkinson’s disease amongst
others. It was generated from H2O2 in this analysis.
The scavenging activities of fractions and
antioxidants standards, ascorbic acid, Butylated
hydroxyanisole (BHA) and α-tocopherol on H2O2 is
shown in Table 3. Scavenging effects on H2O2 was
measured in triplicates after 10min of incubation at
285nm. There was decrease in absorbance values at
the different concentration used (Table 3).

Scavenging of hydroxyl radical generated from
hydrogen peroxide by fractions from D. edulis
indicates that at concentration of 0.1 - 0.0065 mg/ml,
the fractions had high scavenging activities when
compared to standards. The % inhibition was on the
average between 60-97% at all the concentrations
used (Fig 1). Activity was found to be better
especially with the non-polar n-hexane fraction. The
scavenging activity of the entire fractions was
comparable quantitatively with all the reference
compounds. D. edulis therefore is a source of
antioxidant compounds especially in scavenging the
highly reactive hydroxyl radicals. 

Antioxidant Activity by Ferric Thiocyanate Method
(FTC):

The Ferric thiocyanate method was used to
determine the amount of peroxide which oxidized
ferrous chloride (FeCl2) to a reddish ferric chloride
(FeCl3) pigment. Oxidation of linoleic acid also
occurred  in  the  process.  In  this   method,  the
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Table 1: Absorbance values from scavenging effect of extracts from D. edulis on DPPH at 517 (nm)*
Conc. Crude Hexane Ethylacetate Butanol Ascorbic BHA α-Tocopherol
(mg/ml) Methanol fraction fraction fraction acid
1.0 0.147±0.002 0.066±0.004 0.064±0.002 0.084±0.002 0.068±0.001 0.018±0.001 0.205±0.001
0.5 0.276±0.001 0.074±0.001 0.105±0.001 0.131±0.001 0.091±0.001 0.025±0.003 0.298±0.001
0.25 0.290±0.007 0.086±0.002 0.135±0.004 0.138±0.004 0.217±0.005 0.034±0.001 0.734±0.000
0.125 0.298±0.004 0.142±0.002 0.246±0.003 0.238±0.001 0.246±0.002 0.053±0.001 0.840±0.000
0.0625 0.353±0.002 0.216±0.001 0.268±0.006 0.293±0.020 0.368±0.001 0.094±0.002 0.930±0.001
*DPPH scavenging activity of extracts and standards at 517 nm.

Table 2: Percentage inhibitions of the extracts and standard*
Conc.(mg/ml) Methanol Hexane Ethylacetate Butanol Ascorbic BHA α-Tocopherol

extract fraction fraction fraction acid
1.0 84.24 92.92 93.14 90.61 92.71 98.42 78.03
0.5 70.42 91.06 88.74 85.85 90.33 97.32 68.06
0.25 68.70 90.05 86.60 79.50 76.70 96.42 40.32
0.125 68.06 84.78 73.74 74.49 73.63 94.07 39.96
0.0625 62.16 76.85 71.27 68.71 60.66 89.93 21.33
*Percentage inhibition of the plant D. edulis and the standard using the formula % inhibition = ADPPH – As / ADPPH x 100

Table 3: Scavenging Effect of hydroxyl radical generated by H2O2 of the Leaves Extract of D. edulis at 285nm*
CONC B1 B2 B3 B4 ASCORBIC BHA ALPHA
(mg/ml) ACID TOCOPHEROL
0.1 0.860±0.001 1.253±0.003 1.609±0.011 0.828±0.001 0.1952±0.001 0.0413±0.016 0.0321±0.045
0.05 0.492±0.000 0.841±0.002 0.785±0.003 0.499±0.003 0.2078±0.012 0.0617±0.019 0.0633±0.032
0.025 0.196±0.001 0.477±0.002 0.528±0.005 0.258±0.000 1.2645±0.119 0.0740±0.015 0.1552±0.061
0.0125 0.119±0.001 0.192±0.002 0.251±0.001 0.185±0.002 2.7586±0.049 0.0947±0.003 0.1807±0.015
0.00625 0.221±0.001 0.182±0.007 0.189±0.005 0.158±0.001 2.9236±0.211 0.1126±0.014 0.4940±0.017
*Absorbance measurement of B1(n-hexane), B2 (ethyl acetate), B3 (methanol) and B4 (butanol), Ascorbic Acid, BHA and α- Tocopherol
at 285nm measured in triplicate.

Table 4: Inhibition of Linoleic acid peroxidation of fractions from Dacryodes edulis Extracts at 500 nm using  the Ferric thiocyanate
method*

CONC B1 B2 B3  B4 ASCORBIC BHA ALPHA 
(mg/ml) ACID TOCOPHEROL
0.8 0.226±0.006 0.257±0.033 0.260±0.081 0.179±0.007 0.173±0.008 0.326±0.006 0.133±0.004
0.4 0.299±0.009 0.311±0.091 0.271±0.004 0.233±0.019 0.173±0.008 0.375±0.008 0.164±0.006
0.2 0.318±0.128 0.330±0.022 0.329±0.008 0.282±0.027 0.245±0.008 0.431±0.008 0.184±0.009
0.1 0.353±0.012 0.377±0.066 0.384±0.035 0.310±0.011 0.275±0.006 0.616±0.005 0.195±0.023
0.05 0.393±0.020 0.389±0.022 0.461±0.004 0.321±0.030 0.287±0.050 0.647±0.004 0.294±0.004
0.025 0.462±0.001 0.452±0.025 0.488±0.019 0.351±0.041 0.367±0.004 0.653±0.008 0.340±0.069
0.0125 0.623±0.028 0.491±0.012 0.511±0.017 0.434±0.011 0.516±0.008 0.747±0.003 0.360±0.005
0.00625 0.675±0.003 0.592±0.002 0.535±0.050 0.543±0.001 0.668±0.002 0.750±0.001 0.377±0.008
*Absorbance measurement of B1(n-hexane), B2 (ethyl acetate), B3 (methanol) and B4 (butanol), Ascorbic Acid, BHA and α- Tocopherol
at 500 nm measured in triplicate.

Fig. 1: H2O2 Free radical scavenging activity of the extracts from the whole plant of Dacryodes edulis and
standards at 285 nm. B1(n-hexane), B2 (ethyl acetate), B3 (methanol) and B4 (butanol).

concentration of peroxide decreases as the antioxidant
activity increases. Crude methanol extract, hexane,
ethyl acetate and butanol fractions at various
concentration (0.00625 – 0.8 mg/ml), showed
antioxidant activities in a concentration dependent
manner (Table 4). Significant differences (P<0.05) in
peroxide value were found between the control and
the linoleic acid samples and antioxidant standards.
The antioxidative activity of the samples showed that
the activities of all fractions were comparable to the

reference compounds, ascorbic acid, BHA and α-
tocopherol but the butanol fraction (- the polar of the
tested fractions-) was better in activity than the other
fractions. D. edulis butanol fraction is able to
scavenge the highly reactive hydroxyl radical through
peroxide oxidation unlike in the hydrogen peroxide
assay where the ethylacetate fraction inhibits or
scavenge hydroxyl radical better than the entire
fractions. 



2917Adv. Environ. Biol., 5(9): 2913-2918, 2011

Fig. 2: Peroxide oxidation of the extracts from Dacryodes edulis and standards at 500 nm. B1= n-hexane, B2=
ethyl acetate, B3= methanol and B4=butanol

Conclusion:

This analysis has shown to us that different
mechanisms exist in the free radical scavenging
activities of the plant extracts and that the polarity of
the extracts also plays a major role. DPPH is an
example of a lipophilic radical. There was decrease
in absorption at 517 nm indicating that the fractions
have hydrogen donating ability or can scavenge free
radicals.  The fractions gave %inhibition of 62 - 93%
at 1.0 – 0.0625 mg/ml. The activity though lower
than that of ascorbic acid and BHA was however
better than that of α–tocopherol. The ethyl acetate
fraction showed better inhibition than the entire
tested fractions at 1.0 mg/ml. Scavenging of hydroxyl
radical generated from hydrogen peroxide by
fractions from D. edulis gave % inhibition of 60-
97%. Activity was found to be better especially with
the non-polar n-hexane fraction. In the Ferric
thiocyanate method the concentration of peroxide
decreased as the antioxidant activity increased.
Significant differences (P<0.05) in peroxide value
were found between the control and the linoleic acid
samples and antioxidant standards. D. edulis butanol
fraction is able to scavenge the highly reactive
hydroxyl radical through peroxide oxidation unlike in
the DPPH assay and hydrogen peroxide assay where
the where n-hexane and ethyl acetate fraction
inhibited or scavenged hydroxyl radical better than
the entire fractions respectively. The high antioxidant
activity of the plant at low concentration shows that
the plant could be very useful for the treatment of
ailments resulting from oxidative stress such as
Parkinson’s disease, Alzheimer’s disease, cancer,
cardiovascular disorders, bacterial and viral infections
and inflammation, coronary heart disease and stroke.
In a separate analysis the methanol fraction of D.
edulis was found to contain alkaloids, flavonoids,
tannins, carbohydrate, glycosides, saponins and
resins. These compounds are synthesized in plants as
secondary metabolites.  The presence of these
secondary metabolites especially alkaloids and
flavonoids may have been responsible for the
observed activities in Dacryodes edulis.
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