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Abstract — In this study, we will determined the total phenolic content (TPC) and the antioxidant activity of the methanolic
extract (ME) of date palm (Phoenix dactylifera. L) fruits (DPF) of four native cultivars from Algeria: Ghars (Gh), Chtaya
(Cht), DeglaBeida (DB) and Tinissine (Tns). The TPC of ME of DPF was measured by using Folin—Ciocalteu. Thereafter, the
antioxidant capacity of various extracts was determined using DPPH test, reducing power and superoxide anion test.
These results showed that dates had strongly scavenging activity on DPPH. The value of IC50 for DPPH radical test was
0.077 mg/ml in Cht. Also, Cht cultivar showed the best-reducing power, which was significantly higher than the other
varieties. The less IC50 value in cyclic voltammetry method (CV), which meets the highest effective antioxidant, was

0.006 mg/ml in methanolic extract of Cht.
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1. Introduction

Phoenix dactylifera is a monocotyledon, dioecious plant in the
Palmaceae family [1,2] Date palm (Phoenix dactylifera L.) is a crucial
fruit for the populations in southern Algeria. It is a vital element of
the diet where the estimated annual production is 468,000 tons from
a zone of 140,000 hectares planted with date palms. Over 940
cultivars have been currently identified. From the perspective and
distribution of palm production dates, the Algerian Sahara can be
divided into seven regions: Ziban, Oued- Righ, Oued-Souf, Ouargla,
M’zab, Saoura, and TouatTidikelt. The number of cultivars identified
is 58 for the region of Ouargla [3].

The chemical composition of date fruits has been reported in numerous
studies [3]. The date is a high energy food rich in carbohydrates, a
major source of minerals, such as calcium, iron, magnesium, phosphorus,
potassium and zinc, but it is low in fats and proteins. Besides nutritional
value [3], date fruits are rich in phenolic compounds possessing
antioxidant activity. Several studies have been done on this activity
of date palm from Algeria [3,4]. The major phenolic compounds of
date palm fruits were identified from Spain, Tunisia and Oman.
However, little research has been published on the composition of
phenolic acid, flavonoids and antioxidant activity of Algerian date
cultivars [5]. In vitro the DPF has antimutagenic and antioxidant
propetties [6,7].

The aim of this study was to measure in vitro antioxidant activity
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of four date palm fruit varieties grown in Touggourt-Ouargla (Algeria)
(Gh, Cht, DB, Tns and Tnb respectively). We used the following three
tests: (1) reducing power, (2) DPPH radical (DPPHR) scavenging
activity, and (3) cyclic voltammetry.

2. Material and Methods

2-1. Chemicals

Commercially available chemicals were used without any further
purification. Ferric chloride FeCls, Fehling A and B, Hydrochloric
acid (HCI), Ethanol C,Hs-OH, Magnesium (Mg), chloroform CHCl3,
Sulfuric acid H,;SOq4, sodium hydroxide NaOH, Copper (II) sulfate
CuSO0q, Acetic Acid CH;COOH, Folin-Ciocalteus’s phenol reagent,
sodium carbonate Na,CO3, sodium nitrite NaNO,, aluminum chloride
AICl;, Gallic acid (GA),quercetin (QC), Ascorbic acid (AAsc),
butylatedhydroxytoluene (BHT) C,5H,40,butylatedhydroxyanisole
(BHA) C1H,60,, [KsFe (CN)g], ferric chloride (FeCls), DPPH.

2-2. Collection and identification
Four different DPF cultivars, Ghars (Gh), Chtaya (Cht), Degla
Beida (DB) and Tinissine (Tns), were harvested in October 2013.

2-3. Sample preparation and extraction

After washing with water and removing the seeds, the edible part
of date was cut into small pieces using scissors and dried at room
temperature. To extract antioxidants for all date cultivars, we used
four different solvents as followed in [8], with slight modifications. 5 g
of sample was mixed with 50 ml methanol/H,O (8/2) for 24 h at
room temperature. The mixture was centrifuged at 3500 x g for 15 min,
and the supernatant was filtered and then evaporated. The extracted
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phenolics were recovered in a certain volume of methanol.

2-4. Preliminary phytochemicals screening

This screening was carried out with the methanolic and H,O crude
extracts using chemical methods according to the methodology given
in [3].

2-5. Determination of TPC

TPC of the date extracts was identified using the Folin—Ciocalteu
method [8]. The extract (200 pl) was mixed with 1.5 ml of Folin-
Ciocalteu reagent (previously diluted 10-fold with distilled water)
for 5 min at room temperature. 1.5 ml of aqueous Na,COj; (60 g/l) was
added and the mixture was vortexed and allowed to stand at room
temperature. After 90 min, the absorbance was measured at 725 nm.
The TPC was calculated from standard gallic acid curve and expressed
as milligrams of gallic acid equivalents per 100 g of dry weight of
date for three replicates (mg GAE/ 100 g DW).

2-6. Determination of TFC

TFC of the date extracts was measured according to the colorimetric
assay [9], with slight modifications. 150 pl of the extract was added
to 150 pl NaNO, (5%) followed by 300 pl AICl; (10%). Test tubes
were incubated at room temperature for 5 min, and then 1 ml of 1 M
NaOH was added. The absorbance of the mixture was determined at
510 nm. TFC was determined from standard quercetin curve and
expressed milligrams of quercetin equivalents per 100 g of dry weight
of date for three replicates (mg QE/100 g DW).

2-7. Evaluation of antioxidant capacity spectrophotometrically

2-7-1. Ferric reducing power (FRP)

The reducing power of the solvent extract was determined by the
method of [10], with slight modifications. Each extract (1 ml) was
mixed with 2.5 ml of phosphate buffer (0.2 mol/l, pH 6.6) and 2.5 ml
of K3Fe (CN)g (1%). The mixture was incubated at 50 °C for20 min.
Then, 2.5 ml of 10% TCA was added to the mixture. 2.5 ml of solution
was mixed with 2.5 ml of distilled water and 0.5 ml of 0.1% FeCl;,
and the absorbance was read at 700 nm against a blank. All analyses
were carried out in triplicate. Reducing power was expressed mM as
ascorbic acid equivalents antioxidant capacity (AEAC). BHA and
BHT were used as standard controls. Increased absorbance of the
reaction mixture indicates increased reducing power.

2-7-2. DPPHp scavenging capacity

The free radical scavenging activity of the extract was measured in
terms of hydrogen donating or radical scavenging ability using the
stable free radical DPPH according to the method explained by [11],
with slight modifications. 150 pl of Different concentrations of the
extract was added to 3.0 ml 0.1 mM DPPH solution in methanol.
After mixing vigorously the tubes were incubated in dark. After 30 min
the absorbance was measured at 517 nm. IC50 value (the concentration
required to scavenge 50% DPPH free radicals) was calculated from

the concentration versus scavenging activity curve. BHT and BHA
were used as positive control. The capability to scavenge the DPPHi
was calculated using the following equation:

DPPH scavenging activity (%) = ((Ag- A1)/Ag) x 100

where A is the absorbance in the absence of sample and A is the
absorbance in the presence of the sample.

2-8. Evaluation of antioxidant capacity by electrochemical
techniques

There are many studies that include this method [12,13]. Cyclic
voltammetric (CV) measurements were performed using a Voltalab
40 model PGZ301 (Radiometer Analytical) potentiostat/galvanostat
driven by a personal computer with Volta Master 4 software. The
electrochemical cell (V =25 ml) consists of three electrodes immersed in
a solution containing the analyte and an excess of supporting
electrolyte. A glassy carbon electrode (@ 3.0 mm) as the working
electrode, a platinum wire was used as the auxiliary electrode, and a
saturated calomel electrode (SCE) as the reference electrode, respectively.
The potential was swept in inverse scanning mode starting from 0 to
-1.6 V with a scanning rate of 0.1 Vs™! to avoid reducing the sensitivity
of the working electrode.

To estimate the total antioxidant capacity of the DPF extracts, we
used the cyclic voltammetry following the method of Bourvellec, et
al. [14] with slight modification. The effect of various extracts was
checked by the method of the proportioned additions and the successive
addition of 100 pl of initial solution of extract to the 25 ml oxygen
solution in order to get an antioxidant substrate concentration in the
range (0-0.010 g/1) Gh, (0-0.004 g/I) Cht, (0-0.006 g/I) DB and (0-
0.008 g/l) Tns. After each aliquot addition, CV of the oxygen solution
was recorded at a scan rate 0.1 Vs™!. The total antioxidant capacity of
scavenging on superoxide radical was calculated using the following
equation:

LIy,
TAC% = ——=—x100
Pa
where 5, and I}, are the anodic peak current of O,™ oxidation
with and without the DPF extracts.

2-9. Statistical analysis

All experiments were repeated three times. All values were
expressed as mean and standard deviation. The difference between
the values as analyzed by one-way analysis of variance (ANOVA).

3. Results and Discussion

3-1. Preliminary phytochemicals screening

The results of phytochemical screening of the DPF extracts
showed the presence of carbohydrates, saponins, phenols and
flavonoids, while alkaloids and terpenoids were absent as shown
in Table 1.
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Table 1. Phytochemical constituents of some ripe date palm fruit (Phoenix

dactyliféra L.)
Tns DB Cht Gh Test

+ + + + Phenols

- - - - Alkaloids

+ + + + Saponins

- - - - Terpenoids
+ + + + Flavonoids
+ + + + Carbohydrates

+: Presence; -: Absence

3-2. Determination of TPC

The TPC of DPF varied from 154.291 to 278.698 mg gallic acid
equivalents (GAE)/100 g dw sample) (Table 2). The highest TPC
was obtained in Cht date and the lowest TPC was found in the Gh
date. The order of TPC of DPF was: Gh < DB < Tns < Cht (Fig. 1).
The present study showed that the Algerian date palm has a high
phenolic content compared to the other studies, such as Biglari,
AlKarkhi et al., 2.89~141.35 mg GAE/100 g DW [15], Mansouri,
Embarek et al., 2.49~8.36 mg GAE/100 g FW [7].

3-3. Determination of TFC

The TFC of DPF varied from 3.390 to 12.477 mg quercetin
equivalents (QE)/100 g DW sample) (Table 2). The highest TFC was
obtained in Cht date and the lowest TFC was found in the Gh date.
The order of TFC of DPF was: Gh < Tns < DB < Cht (Fig. 2). The
present study showed that the Algerian date palm has a low flavonoid
content compared to the other studies, such as Biglari, AlKarkhi et
al., 1.62~81.79 mg QE/100 g DW [15].
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Fig. 2. Total flavonoid content (mg QE / 100 g DW).

3-4. Evaluation of antioxidant capacity spectrophotometrically

3-4-1. Ferric reducing power (FRP)

The reducing power of a compound can be assessed by the
reduction of Fe*" of the ferric cyanide complex [FeCls/K3Fe(CN)g]
to the ferrous (Fe?") form [5] by donating an electron. [16]. The reducing
properties are generally related to the presence of reductions, which
have capacity to donate an electron to the free radicals and convert
them into more stable state. The antioxidant activity expressed as
AEAC value. AEAC results (Table 2) show that the extract of Cht
variety (8.773 mM) is a more powerful antioxidant than the other
extracts varieties.

Table 2. Total phenolic content (TPC), total flavonoid content (TFC), and antioxidant activity in different DPFs samples

Superoxide anion radical scavenging ~ DPPH radical scavenging AEAC TFC TPC Sample
activity IC50 (mg/ml) activity IC50 (mg/ml) (mM) (mg QE/100g DW) (mg GAE/100g DW) P
0,009* 0.166:£0.006* 5.863+0.094* 3.390+0.048* 154.291x1.416* Gh
0,006 0,077+0.002 8.773+0.125 12.477+0.706 278.698+6.197 Cht
0,012 0,128+0.010 4.765+0.099 5.2734+0.286 166.201+1.465 DB
0,007 0,181+0.034 7.638+0.216 3.8924+0.148 192.512+0.750 Tns
*Each value represents the mean and S.D. Statistical analysis was performed using the one-way ANOVA. *p <0.01.
300 10
280 -
- 8 !
260 ]
%”’“ A
2 220 o |
s g .
D
= 200 Z |
E
& 180 2
1 ' B
E 0 T r T r
140 i . i Gh Cht DB Tos AAsc
Gh Cht DB Tns Samples
samples

Fig. 1. Total phenolic content (mg GAE / 100 g DW).
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Fig. 3. AEAC values of ascorbic acid equivalents antioxidant capac-
ity of extracts.
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Fig. 4. IC50 values of DPPH assay for free radical scavenging activity
of extracts.

3-4-2. DPPHg scavenging capacity

DPPH, a stable radical, is used to evaluate samples' ability of
providing protons. Absorbance at 517 nm decreased as DPPH radical
was scavenged with a phenomenon that the solution color turned
purple into light yellow. Radical was scavenged by antioxidants through
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donation of hydrogen to form a stable DPPH molecule [17]. There is
a positive correlation between antioxidant capacity and total phenol
concentration in dates, which has been proven by several studies [18]. In
the current study, the ability of test samples to scavenge DPPH radical
was assessed on the basis of their IC50 values, defined above as
concentration methanolic extracts of DPF to decrease the absorbance
at 517 nm of DPPH radical solution to half of its initial value. Fig. 4
shows IC50 values of the methanolic extracts of DPF as described in
Table 2. It can be seen from this table that IC50 values of methanolic
extracts of DPF ranged from 0.077 to 0.181 mg/ml. The lowest value
of IC50 (0.077 mg/ml) was detected in Cht variety and it corresponds
to the highest antioxidant activity, while the highest value of IC50
(0.181 mg/ml) was detected in Tns variety. The values of IC50 in the
other varieties extracts of DPF ranged from 0,128 to 0.166 mg/ml.
The antioxidant activity in the methanolic extracts of DPF decreased
in the order Tns < Gh < DB < Cht.

3-5. Evaluation of antioxidant capacity by electrochemical
techniques

The obtained results (Fig. 5) show that in all addition of the extract
causes a proportional decrease of O, anodic peak current 7, , while
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Fig. 5. Plotting of scavenging of superoxide anion of cyclic voltammogram against the corresponding concentration of DPF extracts. Opera-
tive condition: DMF + 0.1 M BusNPF¢ on GC as working electrode vs. SCE at 28 °C with scan rate of 0.1 V/s.
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the intensity of O, cathodic current appears to be fixed in the majority
of the extracts (Fig. 5). The decrease of the anodic peak current of
O," suggests that the polyphenol substrate reacts irreversibly with
Oy

As shown in Fig. 6, Cht methanolic extract exhibited the highest
scavenging activity on superoxide anion radical than other date
varieties. The activity of the antioxidant is often evaluated according
to its IC50; it is defined by the concentration inhibiting the reaction
by 50%. In this system, which were calculated from the linear
regression of the % antioxidant activity versus extracts concentrations.
Results are shown in Fig. 7 as described in Table 2. Lower values
correspond to higher antioxidant activity. It can be seen from this
table the IC50 values of Cht extract (0.006 mg/ml) showed an
antioxidant capacity higher than other varieties’ extracts. The antioxidant
activity in the methanolic extracts of DPF decreases in the order DB
< Gh < Tns < Cht. The results from this study are consistent with the
study of Ghiaba [12], while it is better than the results of Amamra
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Fig. 6. Concentration-response plots for inhibition of the absorbance
of Superoxide anion radical for DPF extracts.
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Fig. 7. IC50 values of DPPH assay for free radical scavenging activity
of extracts.
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[19]. These results are due to the presence of phenolic compounds
that possess antioxidant activity [20-22] and scavenging of some
reactive species, including hydroxyl [23] and superoxide radicals
[12].

4. Conclusions

The phytochemical screening of the extracts showed the presence
of different types of active constituents: phenols, flavonoids, saponins
and carbohydrates. These compounds were present in all the four
different date extracts. Both the spectrophotometrical (FRP and DPPH)
and electrochemical assays suggest that the methanolic extracts of
DPF show in vitro antioxidant activity by reducing power ability,
inhibiting DPPH and superoxide anion radical, which may be due to
presence of flavonoid and phenolic compounds found in the
preliminary phytochemical screening. These results suggest that the
DPF has important benefits to human health and could serve as a
source of antioxidants with potential applications.
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