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ABSTRACT
Aim: The aim of this study is to apply experimental design to optimize extraction of total flavonoid and total
antioxidant from Dacryodes edulis leaves.
Study Design: D. edulis leaves were collected from March to April 2016 around Agboville in the southern part of
Cote d’Ivoire. Afterwards, the leaves were transferred to the laboratory for drying.
Place and Duration of Study: This study was carried out from June to July 2016 in the Chemistry Laboratory of
Water and Natural Substances, at Felix
Felix Houphouet Boigny National Polytechnic Institute of Yamoussoukro, Cote
d’Ivoire.
Methodology: The harvested leaves were subdivided in two groups (Group 1 and Group 2). The leaves of Group 1
were dried in an oven at 40 ° C for 5 days and those of Group 2, dried in the shade for 2 weeks. Then the effect of 5
parameters (solid-liquid
(solid liquid ratio, drying method, extraction solution, extraction time and the extraction mode) was
observed on the extraction of total flavonoids and total antioxidants. For
For this purpose, we used two experimental
designs: Plackett-Burman
Plackett Burman design used to identify the most important variables which influence the extraction
process and the full factorial design (2k, k = 3), used to optimize the extraction conditions.
Results: Results
esults showed that the ratio (w/v), the drying mode and the extraction mode had significant effects on
the extraction of total flavonoids and total antioxidants from D. edulis leaves. The optimal experimental conditions
for the highest amount of total flavonoids
flavonoids and total antioxidants are obtained through aqueous maceration from
dried leaves of D. edulis in oven for 60 minutes with a solid-liquid
liquid ratio of 1/100 (w/v). The optimized sample
presented a total flavonoid content of 100.33± 1.53 mg/g EQ for antioxidant
antioxidant activity of 314.81 ± 11.33mg/g TE.
These experimental results were very close to the predicted values.It was observed that total flavonoids showed a
good correlation with total antioxidants of the sample.
Conclusion: The extraction of total flavonoids
ids and total antioxidants from D. edulis leaves are influenced by the
ratio (w/v), the drying method and the extraction mode. Their optimal extraction condition is the maceration in
water of D. edulis leaves that have been dried in oven for 60 min with a solid
solid-liquid ratio of 1/100 (w/v). We came
across a strong correlation between total flavonoids and total antioxidants. The good antioxidant capacity of the
aqueous extract of D. edulis leaves could play an important role for the population in the fight ag
against diseases
related to oxidative stress.
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INTRODUCTION
The plant under investigation is Dacryodes edulis,
edulis which
belongs to the family of Burseraceae (Chevalier
hevalier, 1916). D.
edulis is commonly called safou “African plum”, “African
pear” or “native pear (Awono et al., 2002). This plant has long
been used in the traditional medicine of some African
countries to treat various ailments such as wound, dysentery
and fever diseases, such as anemia, malaria, headache, fever
and skin diseases (Dike et al., 2012). Some studies conducted
conduct
on antioxidant activities of D. edulis leaves extracts have

concluded that their extracts possess a good antioxidant
activity (Agbor et al., 2007; Nguefack
Nguefack, 2009) which can be
useful in treating oxidation-associated
associated diseases,such as cancer
and diabetes (Moise et al., 2012). Dai and Mumper (Dai and
Mumper, 2010) were reported that the antioxidant activities of
plant extracts are due to their bioactive constituents such as
flavonoids. (Heim et al., 20077) confirmed theantioxidant and
radical scavenging activities of flavonoids. The presence of
these compounds was noticed in D. edulisleaves extract
(Ajibesin, 2011). Flavonoids present on D. edulis leaves
extract couldplay an important role in the defenseof
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humanbody against cardiovascular, aging and cancer diseases
(Oroian and Escriche, 2015; Wang et al., 2009; Bobe et al.,
2009). The extraction procedure of these phenolic compounds
is influenced by many parameters such as their chemical
nature, the extraction method used, the sample particle
dimension and the extraction time (Dai and Mumper, 2010).
Thus, one can make use of an experiment design (statistics and
mathematics method) for the optimization. The optimization of
the extraction of phenolic compounds from plants using
experimental design has been used successfully by some
authors (Koffi et al., 2015; Nyamien et al., 2015; Koffi, 2014).
This study aims to apply the experiment design to optimize the
extractions of flavonoid and the total antioxidants of D. edulis
leaves with non-toxic solvent by using experiment designs. For
so doing, five parameters (solid-liquid ratio, drying method,
extraction solution, extraction time and the extraction mode)
have been chosen. ThePlackett and Burman design has been
used to determine factors or parameters that could influence
the total flavonoids and total antioxidants extractions. After the
screening, the optimization has been performed by the full
factorial design, taking into account factors that influence the
extraction with the interaction effects between these factors.

Full Factorial Design
A 23 full factorial design was employed in the present study to
identify the relationship existing between the responses
functions and process variables (Aboua et al., 2010). In this
design three factors were evaluated, each at two levels and
experimental trials were performed for 8 possible
combinations. The solid-liquid ratio (X1), the drying method
(X2), and the extraction mode (X5) were used as factors (Table
2), while total flavonoids content (Y1) and antioxidant activity
(Y2) were taken as experimental responses. In the full factorial
design, the main as well as the interaction effects of various
factors are determined by fitting the data into 1st order
polynomial equation:
Yn = b0 + b1X1 + b2X2 + ….+ bkXk +…+b12X1X2 + … +bk-1kXk1Xk + … + b1…kX1X2…Xk
Where Yn was the measured response, bi is the main effect of
the factors Xi, bij is the interaction effect between the factors i
and j and bo is a constant term.
Analytical Methods

MATERIALS AND METHODS
Plant material
The D. edulis leaves were harvested in the city of Agboville,
southern part of Cote d’Ivoire. Afterwards the harvested leaves
were subdivided in two groups (Group 1 and Group 2). The
leaves of Group 1 were dried in an oven at 40 ° C for 5 days
and those of Group 2, dried in the shade for 2 weeks.
Chemicals
All chemical reagents used were of analytical grade. They are:
Sodium nitrite, aluminum chloride, sodium hydroxide, ethanol
and methanol which were purchased from Carlo Erba (Spain).
Trolox (6-hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic
acid), quercetin, and potassium peroxodisulfate were
purchased from Sigma-Aldrich (Germany). ABTS (2, 2’-azinobis (3-ethylbenzothiazoline-6- sulphonic acid) diammonium
salt) was purchased from Biochem (France).
Plackett and Burman Design
The Plackett-Burman experimental design was used for
screening the effect of five independent variables (factors).
These factors include vegetal to liquid ratio (w/v) (X1), drying
method (X2), extraction solution (X3), extraction time (X4), and
extraction mode (X5) on total flavonoids extraction and
antioxidant activity from D. edulis leaves. For each
independent variable, the low (-1) and high (+1) levels were
tested (Table 1). The independent variables were screened in
eight combinations according to Plackett-Burman design
matrix (Rajendran et al., 2007). Two dependent variables
(experimental responses) were studied: total flavonoids (Y1)
and total antioxidants (Y2). The relationship between factors
and experimental responses is shown by the following
equation:
Y n = b 0 + ∑ b iX i
Where Yn is a predicted response, bo is a model constant and bi
is a variable linear coefficient.

Determination of total flavonoids content
Total flavonoids were determined by the aluminum chloride
colorimetric method described by Marinova et al. 2005. In a 25
mL volumetric flask, 0.75 mL of sodium nitrite (NaNO2)
distilled water solution (5%, w/v) was added to 2.5 mL aliquot
of the sample. The color reaction was left to develop for 5 min
in the dark and at room temperature. Then, 0.75 mL of
aluminum chloride (AlCl3) distilled water solution (10 %, w/v)
was added and incubated for 6 minutes. After incubation, 5 mL
of sodium hydroxide (NaOH 1M) were added and the volume
made up to 25 mL. After gentle mixing, the solution
absorbance was measured at λmax = 510 nm. A standard
calibration curve of quercetin (0.1 to 1.0 mg.mL-1) was plotted
to calculate the results. The total flavonoids content was
expressed as milligram per gram quercetin equivalents (mg/g
QE). Samples were analyzed in triplicate
Trolox equivalent antioxidant capacity (TEAC) using
ABTS•+radical-scavenging assay
Antioxidant capacity was determined using the procedure
reported by Koffi et al. 2013. The ABTS•+solution was
prepared by mixing equal volumes of ABTS•+ salt solution
(87.7 mg salt in 20 mL distilled water, 8 mmol.L-1) and
potassium persulphate (K2S2O8) solution (0.0162 g salt in 20
mL distilled water, 3 mmol.L-1). The final 40 mL stock
solution obtained was kept at room temperature in the dark for
16 hours before use. The volume of stock solution needed for
TEAC assay was first diluted with methanol in order to obtain
an absorbance of 0.7 ± 0.02 at λmax= 734 nm. A sample volume
of 0.1 mL was mixed with 3.9 mL of diluted ABTS•+stock
solution and the mixture was incubated for 6 min exactly, in
the dark at 30 °C. Absorbance was measured at λmax= 734
nm, and had to be higher than 20% of the absorbance of the
diluted ABTS•+stock solution itself, otherwise the sample
solution had to be diluted accordingly. Pure Methanol was
used as a blank solution. Trolox solutions with concentrations
ranging from 0 to 500 μmol.L−1 were used as the standard.
TEAC was expressed as milligram per gram trolox equivalent
(mg/g TE). Samples were analyzed in triplicate.
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Statistical Analysis
Results were expressed as mean ± standard deviation of three
duplicate. Data were evaluated by one-way analysis of
variance (ANOVA) using Statistica 8.0 (Statsoft, Inc., USA)
solfware. Newman-keuls test was performed to determine
significant difference at P=.05. Coefficient and experimental
standard deviations were determined by the method of linear
regression.

RESULTS AND DISCUSSION
Screening of variable effects on total flavonoid and total
Antioxidant extraction
The effects of five factors (solid-liquid ratio (w/v) (X1), drying
method (X2), extraction solution (X3), extraction time (X4), and
extraction mode (X5)) on extraction of total flavonoids and
antioxidant activity from D. edulis leaves were studies.
According to Plackett-Burman design, eight experiments were
carried out. Table 3 shows experiment conditions and results
obtained. The minimum amount of total flavonoids (42.67± 1.5
mg/g EQ) is obtained through extraction by infusion of D.
edulis leaves dried in the shadow with a ratio of 1/1000 (w/v)
in a mixture of ethanol/water (70/30) (Experiment 3). On the
other hand, the maximum amount of total flavonoids (115.33
mg EQ /g ) was obtained in experiment 7, when experiment
was carried out during 60 min by aqueous maceration of oven
dried leaves of D. edulis with liquid-solid ratio at 1/100 (w/v).
On the other hand, the highest amount of total flavonoids
(115.33 mg/g EQ), is obtained through a 60 min extraction by
aqueous maceration of D. edulis leaves dried in oven with a
solid-liquid ratio (w/v) of 1/100 (Experiment 7). The
antioxidant capacity of the different samples obtained by
applying the Plackett-Burman design, varies between 91.45
and 441.07mg/g TE.
The weakest antioxidant capacity is obtained through an
extraction by infusion of D. edulis leaves during 60 min, dried
in the shadow with a ratio of 1/1000 (w/v) in a mixture
ofethanol/water (70/30, v/v). On the other hand, the maximum
amount of total flavonoid 441.07 mg/g TE is obtained through
extraction, within 60 min, by aqueous maceration of D. edulis
leaves dried in oven with a ratio of 1/100 (w/v). Table 4
illustrates estimation and statistics of linear regression
coefficient. A coefficient is reported to be statistically
significant if its absolute value is strictly superior to the double
of the experimental standard deviation, that is |coef|>2σ
(Assidjo et al., 2005). The analysis of table 4 shows that for
total flavonoid (Y1), the coefficients bo, b1, b2 and b5 are
significant. The extraction of total flavonoids is thus
influenced by the solid-liquidratio (X1) (w/v), the drying
method (X2), and the extraction mode (X5). Yet, the influence
of extraction mode is higher than those of solid-liquid ratio and
the drying method. The response (Y2) which corresponds to
total antioxidants is influenced by the following technological
parameters: the solid-liquidratio (X1) (w/v), the drying method
(X2) and the extraction mode (X5) for, the coefficients
associated to the different parameters are significant. In short,
the dominating technological parameters for the extraction of
flavonoids and total antioxidants of D. edulis are: the solidliquidratio (X1) (w/v), the drying method (X2) and the
extraction mode (X5).

Optimization of extraction conditions using 23 full factorial
designs
The minimum amount of total flavonoids obtained from the
matrix of the full factorial design is 47.66 mg/g EQ (table 5).
In contrast, the maximum amount of flavonoids
(100.66 mg/g EQ) is obtained by aqueous maceration with a
solid-liquid ratio of 1/100 (w/v) of dried leaves in oven for 60
min. The heat supply during the extraction (infusion) could
damage the extraction of total flavonoids. Indeed, a highest
temperature could oxidize the flavonoids and it could therefore
reduce their extraction (Yaqin et al., 2005) also a high
temperature could decrease the fluid density and may reduce
the extraction efficiency (Sathishkumar et al., 2008). The
amount of total flavonoids in D. edulis leaves is higher than
those of D. edulis leaves methanolic extract (78.8mg EQ/g)
(Omoregie and Okugbo, 2014), D. edulisseed boiled extract
(50.02mg EQ/g) obtained by Ogunmoyole et al. 2012. In
comparison with other leaves, the quantity of total flavonoids
extract from D. edulisleaves is superior to those of Moringa
(27 mg/g EQ) (Sreelatha and Padma, 2009) andAloysia
triphylla (6.81 mg/g EQ) (Cheurfa and Allem, 2015). The
antioxidant capacity of the samples obtained through tests of
full factorial design varies from 128.20 to 324.34 mg/g TE.
The highest value of total antioxidants (324.34 mg/g TE) is
obtained from aqueous maceration of D. edulis leaves dried in
oven with a ratio of 1/100 (w/v). When the extraction is
performed through aqueous infusion of D. edulis leaves dried
in the shade with a ratio of 1/1000 (w/v), we obtain a weaker
value (128.20 mg/g TE). This result is similar to the one
obtained during the extraction of total flavonoid from D. edulis
leaves. The different values of the coefficients assigned to each
parameter for the Y1 and Y2 responses are shown in, The
statistical analysis of data shows that for total flavonoids (Y1)
only the solid-liquid ratio (X1) and the drying mode (X2) are
significant. Yet no interaction was observed between the
different factors. The resulting mathematic model is:
Y1 = 70.87 + 35.07 X1 + 13.07 X2

……………………… (1)

As for the total antioxidants, we notice significant effects of
the solid-liquid ratio (X1), the drying mode (X2) and the
extraction mode (X5). The ratio (X1) is the most influent
parameter(p =.01). No interaction was observed between the
different factors. The resulting mathematic model is:
Y2 = 221.58+ 136.91 X1 + 35.14X2 – 24.71X5

………… (2)

At the end of these different analyses, the optimal condition
extraction of flavonoids and total antioxidant determined
thanks to the full factorial design is: the ratio (X1) = +1
(1/100), the drying mode (X2) = +1 (oven drying) and the
extraction solution (X3) = -1 (water). Thus the solid-liquid ratio
of 1/100 (w/v) seems much more preferable to that of 1/1000
(w/v). This result is in accordance with the mass transfer
principle, where transmission force during this transfer is the
gradient of the concentration between the solid and the liquid.
This force becomes important when a higher solvent to solidliquid ratio is used (Al-farsi and Lee, 2008; Gaboriaud, 1996).
Similar results on the solid-liquid ratio upon the extraction of
polyphenols have been reported for date stones by Al-farsi and
Lee 2008 and for the leaves of Inga edulis by Silva et al. 2007.
The oven drying of the D. edulis leaves could prevent the
biotransformation of flavonoids in other secondary metabolites
thanks to the enzyme activity that sometimes remains during
the air drying of plants (ABDALI Youness, 2015).
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Table 1. Factors levels used in Plackett-Burman design
Factors

Technological parameters

X1
X2
X3
X4
X5

Vegetal-liquid ratio
Drying method
Extraction solution
Extraction time
Extraction Mode

Coded levels / True value or state
Low (-1)
High (+1)
1/1000
1/100
Shade drying
Oven drying
Water
Ethanol/Water (70/30)
15
60
Maceration
Infusion

Table 2. Factors levels used in 23 factorial designs
Factors

Technologicalparameters

X1
X2
X5

Vegetal-liquid ratio
Drying method
Extraction mode

Coded levels
Low (-1)
1/1000
Shade drying
Maceration

High (+1)
1/100
Oven drying
Infusion

Table 3:Sample and results according to the Plackett-Burman design
Test set
1
2
3
4
5
6
7
8

Technological parameter levels
Experimental responses
X1 X2 X3
X4
X5
Y1a
Y2b
1
1
1
-1
1
85.33 ± 0.6
185.44 ± 5.41
-1
1
1
1
-1
79.67 ± 0.6
309.49 ± 3,00
-1
-1
1
1
1
42.67 ± 1.5
91.45 ± 0.68
1
-1
-1
1
1
74.67 ± 0.6
198.82 ± 4.72
-1
1
-1
-1
1
55 ± 1.7
147.29 ± 10.84
1
-1
1
-1
-1
95 ± 1.7
314.59 ±10,74
1
1
-1
1
-1
115.33 ± 0.6
441.07 ±8,83
-1
-1
-1
-1
-1
60.67 ±2.1
249.94 ±7,74
Y1: total flavonoids; Y2 total antioxidants; a: mg/g EQ; b: mg/g TE

Table 4 Statistical estimates of coefficient responses of Plackett-Burman design
Coefficient and standard deviations for each equation
Total flavonoids
Antioxidant activity
Values
2σ
Ρ-value
Values
2σ
Ρ-value
bo
242.26***
8.97
0.000
76.04***
1.36
0.000
b1
85.44*
17.95
0.011
33.08**
2.71
0.002
b2
57.12*
17.95
0.023
15.58**
2.71
0.007
b3
-34.04ns
17.95
0.063
-0.75ns
2.71
0.636
b4
35.89ns
17.95
0.057
4.08ns
2.71
0.095
b5
-173.02**
17.95
0.003
-23.25**
2.71
0.003
R2
0.99
0.99
ns not significant; *: Significant data at p = .05; **: Significant data at p = .01; *** Significant data at p = .001; R2 regression coefficient
Coefficient

Table 5. Experimental design (2k, k=3) and corresponding responses
Level of technological parameters Experimental responses
X1
X2
X5
Y1a
Y2b
1
1/1000
S
M
47.66 ±1.54
143.53 ±15.06
2
1/100
S
M
81.00±1.00
283.57 ±0.84
3
1/1000
O
M
57.66 ±0,58
184.30 ±6.58
4
1/100
O
M
100.66 ±1.53
324.34 ±11.66
5
1/1000
S
I
50.00±1.00
128.20 ±9,50
6
1/100
S
I
78.66 ±1.15
260.73 ±5.57
7
1/1000
O
I
58.00±0.00
156.46 ±7.93
8
1/100
O
I
93.30±2,89
291.49 ±8.80
S: shade drying; O: oven drying; M: maceration; I: infusion; Y1: total flavonoids; Y2: antioxidant activities; a: mg / g EQ; b: mg TE / g.
Test set

Table 6. Statistic estimate of full factorial design coefficient reponses
Coefficient and standard deviations for each equation
Total flavonoids
Antioxidant activity
Values
2σ
Ρ-value
Values
2σ
Ρ-value
bo
70.87** 0.75
0.003
221.58***
0.62
0.000
b1
35.07*
1.51
0.013
136.91**
1.25
0.003
b2
13.07*
1.51
0.036
35.14*
1.25
0.011
b5
-1.75ns
1.51
0.259
-24.71*
1.25
0.016
ns
b12
4.07
1.51
0.117
0.62
1.25
0.500
b15
-3.09ns
1.51
0.152
-3.13ns
1.25
0.125
b25
-1.75ns
1.51
0.259
-5.64ns
1.25
0.070
2
R
0.99
1.00
ns not significant; *: Significant data at p = .05; **: Significant data at p = .01; *** Significant data at p = .001; R2 regression coefficient
Coefficient
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Figure 1. Correlation between the antioxidant capacity and the
amount of flavonoids of the aqueous extract of D. edulis leaves

Correlation between flavonoids and antioxidant activity
In this study, good correlation (R2= 0.96) are observed
between total flavonoid and total antioxidant from aqueous
extract of D. edulis leaves (Figure 1). This result indicates that
antioxidant activity of aqueous leaf extract of D. edulis is
strongly related to total flavonoid.. This result is consistent with
that of Ajibesin (Ajibesin, 2011) which stated that the
antioxidant activity leaves D. edulis was attributed to the
presence of flavonoids. Similar correlation between flavonoids
with antioxidant activity was observed byLizcano
byLiz
et al. 2010
and Cortés-Rojas et al. 2011. Indeed, according to
Ghasemzadeh and Ghasemzadeh (Ghasemzadeh
Ghasemzadeh and
Ghasemzadeh, 2011) flavonoids is a powerful antioxidant
which could contribute to the reinforcement of the antioxidant
activities of D. edulis leaves.
Experimental validation of predicted optimal condition
The results of the full factorial design have permitted to
determine the extraction optimal conditions of total flavonoids
and the total antioxidants of D. edulis leaves. To better extract
these compounds, the extraction should be through aqueous
maceration of the leaves dried in oven with a solid-liquid
solid
ratio
of 1/100 (w/v), for 60 min. The assays performed in such
conditions have permitted to experimentally validate
valid
the
predictions of the full factorial design (Table 7). The amount of
total flavonoid extract (100.33 mg/g QE) is substantially equal
to that predicted by the mathematic model (100.28 mg/g QE).
The statistical analyses show that there is no significant
difference between the two values at p = .05.
.05 Thus the
experimental results of the total flavonoids are similar to those
predicted by the mathematic model. As well, at the level of
total antioxidants, the statistical analysis shows that there is no
significant
icant difference on the threshold of 5% between the value
obtained and the one predicted. It comes out from these
analyses that the experimental results performed are similar to
those predicted by the different mathematic models. The full
factorial design used for the optimization of the extraction of
the flavonoids and the total antioxidant of D. edulis leaves is
applied successfully in the experimental field chosen (Rao and
Padmanabhan, 2013).
Conclusion
This work has permitted to find optimal conditions for
extraction of total flavonoids and total antioxidants from
D. This work has permitted to find optimal conditions for
extraction of total flavonoids and total antioxidants from
D. edulis leaves dried in the shade and in oven.For so doing,

the Plackett-Burman
Burman design has been used to obtain the
parameters that influence the extraction of the flavonoids and
total antioxidants that are the solid
solid-liquid ratio, the drying
mode and the
he extraction mode
mode. The application of these
parameters in a full factorial design permitted us to optimize
the extraction of flavonoid and total antioxidants. The
maximum amount of total flavonoids and total antioxidantsare
obtained with leaves dried in ooven with a ratio of 1/100 (w/v)
by aqueous maceration, for 60 min. We observed a strong
correlation between total flavonoid and total antioxidants. The
strong value of the total antioxidants of aqueous extracts of D.
edulis leaves could play a crucial role for the population in the
fight against ailments related to oxidative stress. A more
precised study of these factors as well as the study and the
identification of other phenolic compounds families should be
undertaken.
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