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Abstract. Fruits of date palm (Phoenix dactylifera L.) are consumed throughout the world and are a vital
component of the diet in most Arabian countries. This study has been carried out to evaluate the total phenolic
content and the antioxidant activity of three date palm fruit varieties grown in Ouargla (Algeria): Degla Baidha
(DB), Tamjhourt (Tam), and Tefezauine (Tef). Consequently, the total phenolic contents (TPC) of these extracts
will be measured using Folin Ciocalteu spectrophotometric method. TPC ranged from 9.496 to 23.045mg gallic
acid equivalents (GAE/100g). Thereafter, the antioxidant properties of these polyphenols were evaluated by
chemical and electrochemical assays. Hydroxyl radical (OH) scavenging activity and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity were the chemical assays, whereas, cyclic voltammetry
technique (CV) in aprotic media was used as the electrochemical assay. This study suggest that Algerian date
palm fruit may serve as a good source of natural antioxidants, may be used in the prevention of various free
radicals related diseases.

Key Words: Algeria date palm fruit; Total phenolic content; Antioxidant activity; DPPH; Cyclic
voltammetry

1. Introduction

The formation of reactive species (RS) is a natural consequence of aerobic metabolism
and is associated with oxygen homeostasis, i.e. the balance between constitutive oxidants and
antioxidants [1]. Reactive oxygen species (ROS) such as superoxide radical (O,"), hydroxyl
radical (OH’), peroxyl radical (ROO") and nitric oxide radical (NO°), attack biological
molecules, such as lipids, proteins, enzymes, DNA and RNA, leading to cell or tissue injury
associated with aging, atherosclerosis, carcinogenesis [2] and may lead to the development of
chronic diseases related to the cardio and cerebrovascular systems [3]. The term ‘antioxidant’
refers to the activity of numerous vitamins, minerals and phytochemicals which provide
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protection against the damage caused by ROS [4]. Antioxidants interfere with the oxidative
processes by scavenging free radicals, chelating free catalytic metals and by acting as electron
donors [5].
Dates, fruits of the date palm (Phoenix dactylifera L.) are a main source of staple food in arid
and semi arid regions of North Africa, middle east and South-Asian countries. Dates have
always played an important role in the economic and social lives of people of this area.
Algeria is ranking the fifth world producer of date palm fruits with production about 710, 000
tons occupying an area of 170000 hectares [6] .There are over 58 different varieties of dates in
region of Ouargla [7]. Moreover, recent Studies have shown that date fruits are an excellent
source of phenolics and therefore possess an extremely high antioxidant capacity. Dates have
potent anthocyanins, carotenoids, and phenolics compounds (protocaechuic, p. hydroxy
benzoic, vanillic, syringic, caffeic, coumaric, ferulic, hydroxy benzoic, mainly cinnamic
acids) and flavonoids (flavones, flavonols and flavanones), As of today, dates also have the
unique distinction of being the only food to contain flavonoid sulfates, which like most other
fruits, have antioxidant properties [8-20].
Although the considerable importance of antioxidants, there is not a unique method or
protocol for determination of antioxidant capacity (ORAC, FRAP, TEAC. . .) [21-26].
Therefore, results obtained from all these methods are not constantly compatible and
materials used for these analyses are costly (AAPH, ABTS, DPPH. . .) [27]. Electrochemistry
approaches are also of special advantage in evaluation of antioxidant properties regarding the
reducing capacity of a substrate by measuring the oxidation potential of the substrates, the
studies on this subject has been reviewed recently [28].
In this study, we have investigated the in vitro antioxidant activity of three date palm fruit
varieties grown in Ouargla (Algeria) (DB, Tam and Tef, respectively). We used the following
three assay systems: (1) Hydroxyl radical (OH) scavenging activity , (2) 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity, and (3) cyclic voltammetry assay. Total
polyphenol contents of DPF were determined by standard colourimetric methods.

2. Material and methods

2.1. Chemicals

Commercially available chemicals were used without any further purification. The N,N
dimethylformamide extra dry, and the tetrabutylammonium hexafluoropho- sphate BuyNPFs
of electrochemical grade were purchased from Fluka. Folin-Ciocalteus’s phenol reagent,
sodium carbonate, Gallic acid (GA),Ascorbic acid (AA), DPPH, All other chemicals and
solvents were of the highest commercial grade and used without further purification.

2.2. Plant material

Three different Algerian ripe date palm fruit (DPF) varieties, Degla Baidha variety(DB),
Tamjhourt variety(Tam), Tefezauine variety(Tef), fruits were collected from the Ouargla
region (Algeria), in autumn 2010. The fruit were segmented and their seeds were carefully
removed and stored in paper bags in refrigerator. The different varieties were identified within
the Agronomic National Institute of Ouargla.

2.3. Sample preparation and extraction

Forty grams of date fruit were pitted, crushed and cut to small pieces with a sharp knife and
blended for 3 min. The phenolics from samples were isolated by a modified version of the
method described by Djerridane et al [29]. Each sample was macerated in 100 ml
methanol:water (80:20, v/v) for 48 h at room temperature. After filtration, the alcohol is
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removed under vacuum at 40 °C. Then, the Phenolic compounds were extracted three times

with ethyl acetate (1:1, v/v) in the presence of an aqueous solution containing 20%

ammonium sulphate and 2% of ortho-phosphoric acid solution. The three organic phases were

combined; the residual water in the ethyl acetate was eliminated with anhydrous sodium

sulphate, and then evaporated to dryness using a rotary evaporator. The extracted phenolics

were dissolved in DMF and then filtered using filter paper. The solutions of phenolic were

stored inside freezer until analysis. The storage conditions (time and temperature) were the
same for all types of fruit.

2.4. Determination of total phenolic content

Total polyphenol contents of the extracts of Algerian ripe date palm fruit were determined by
Folin-Ciocalteu reagent [30]. About 0.1 ml of each extract was separately mixed with Folin-
Ciocalteu reagent (0.5 ml, 1:10 diluted with distilled water) and aqueous Na,CO; (2 ml, 20%).
The mixture was allowed to stand for 30 min at room temperature. The absorbance of the
reaction mixture was measured at 760 nm using a UV-visible spectrophotometer
(SpectroScan 80D/80DV). Total phenolic content was expressed as mg/100g gallic acid
equivalent using the following equation based on the calibration curve:

y =3.08x, R? =0.993, where x was the absorbance.

2.5. Antioxidant activity assays

2.5.1. Hydroxyl radical scavenging assay

The hydroxyl radical scavenging activity of samples was measured according to the method
of Jin et al [31]. with some modifications. In this system, hydroxyl radicals were generated by
the Fenton reaction. Hydroxyl radicals could oxidize Fe*" into Fe’" and only Fe*" could be
combined with 1, 10-phenanthroline to form a red compound (1,10-phenanthroline-Fe*") with
the maximum absorbance at 536 nm. The concentration of hydroxyl radical was reflected by
the degree of decolourization of the reaction solution. Briefly, 1, 10-phenanthroline solution
(1.0 ml, 1.865 x 10-3 mol/l), phosphate buffer saline (2.0 ml, 0.2 mol/l, pH 7.40), and samples
(1.0 ml, 30 pg/ml) were added into a screw-capped tube orderly and mixed homogeneously.
The FeSO,.7H,0 solution (1ml, 1.865 x 10~ mol/l) was then pipetted into the mixture. The
reaction was initiated by adding 1ml H,O, (0.03% v/v). After incubation at 37°C for 60 min
in a water bath, the absorbance of reaction mixture was measured at 536 nm against reagent
blank. The reaction mixture without any antioxidant was used as the negative control, and
without H,O, was used as the blank. The hydroxyl radical scavenging activity (HRSA) was
calculated by the following formula:

HRSA (%) = [(As-An)/(Ab-An)] x 100

Where As, An, and Ab were the absorbance values determined at536nm of the sample, the
negative control, and the blank after reaction, respectively. AA and GA were used as positive
controls.

2.5.2. DPPH radical scavenging activity assay

Radical scavenging activity of DPF extracts against stable DPPH. (2,2-diphenyl-1-
picrylhydrazyl hydrate) was determined using the method of Brand-Williams et al. [32]
modified by Djeridane et al. [33]. This method was determined spectrophotometrically. When
DPPH _ reacts with an antioxidant compound, which can donate hydrogen, it is reduced. The
solution of DPPH in methanol (500mM) was prepared daily, before the measurements.
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Various concentrations of 1ml of sample solution diluted in Tris buffer solution (100mM; pH

7.4) were added to 1ml of the DPPH' radical solution. The mixture was then shaken
vigorously and allowed to stand at room temperature in the dark for 30 min. The decrease in
absorption was measured at 517nm. Absorption of a blank sample containing the same
amount of buffer and DPPH solution was prepared and measured daily. The antioxidant
activity of the extract was expressed as an ICsy value defined as the concentration (mg/l) of
the extract that inhibited the formation of DPPH radicals by 50%.

2.5.3. Cyclic voltammetry assay

Cyclic voltammetric 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=10 ml) consists of three electrodes immersed
in a solution containing the analyte and an excess of supporting electrolyte. A saturated
calomel electrode (SCE) was used as the reference electrode, a platinum wire as the auxiliary
electrode, and a glassy carbon electrode (¢ 3.0 mm) as the working electrode respectively.
Prior to use, the working electrode was polished daily with silicon carbide 4000 paper in, then
rinsed with distilled water, and dried with a dry tissue paper. This cleaning procedure was
applied always before any electrochemical measurements. All experiments were conducted at
ambient laboratory temperature (28°C). Potentials were measured with respect to a saturated
calomel electrode.

To estimate the total antioxidant capacity of the DPF extracts, cyclic voltammetry was used
the method of Bourvellec, et al. [34] with slight modification. The effect of various extracts
was checked by the method of the proportioned additions and the successive addition of 100ul
of initial solution of extract to the 10ml oxygen solution in order to get an antioxidant
substrate concentration in the range (0-0.083g/l). After each aliquot addition, CV of the
oxygen solution was recorded at a scan rate 0.1Vs '.The total antioxidant activity of DPF
extracts determined in comparison with gallic acid (GA) and ascorbic acid (AA). The
capability of scavenging on superoxide radical was calculated using the following equation:

Scavenging effect #a) = (I, - 13 1% 100 T,
Where I¢, and [§ are the anodic peak current of 0," oxidation with and without the DPF
extracts.

All determinations were carried out by means of software Origin Pr8 the data analysis and
graphing workspace.

3. Results and discussion

3.1. Total phenolic content (TPC)

The amount of TPC varied widely in the DPF extracts investigated and ranged from 9.496 to
23.0454mg GAE /100g DW (Tablel.). Among extracts, extremely high TPC was detected in
Tam variety (23.0454mg GAE/100g DW). The lowest TPC was detected in Tef variety (9.496
mg GAE/100g DW). The order of TPC in DPF extracts is: Tam>DB>Tef. The concentration
of polyphenols in this study was lower compared to study of Ghiaba et al. [8] for the same
varieties and using a similar measuring technique. They found that total phenolic content
ranged from 41.80 to 84.73 mg gallic acid equivalents (GAE)/100g DW. This is possibly due
to harvest season, growing conditions and environmental conditions. Respectively, the present
results were much higher compared to those reported by Mansouri et al. [17] who found that
TP content of methanolic extracts of seven Algerian date fruits from Ghardaia varied from
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2.49 to 8.36mg GAE/100g FW. However, Zahia Benmeddour et al. [35] reported that TPC

values were ranged from 226 t0955mg GAE/100g DW and 167 to 709mg GAE/100g FW in

ten Algerian date from Tolga (Biskra). The observed differences may mainly be attributed to
the cultivars and extraction conditions such as solvent and ratio material/solvent.

Table. 1. Total phenolic content (TPC), ICs, values of DPF extracts against superoxide anion radical

Antioxidant activity

Sample IC50mg/1
TPC[a] Hydroxyl radical DPPH radical Superoxide anion
scavenging activity ~ scavenging activity = radical scavenging
DB 14.814 0,0430 16.77 66.3296
Tam 23.0454 0,0379 14.48 70.62
Taf 9.496 0,0274 21.27 33.1677
GA - . - 119.2067
AA - 0,0305 - 102.0502

3.2. Hydroxyl radical scavenging activity

The hydroxyl radical is one of representative reactive oxygen species generated in the body.
In this study, hydroxyl radical-scavenging activity was investigated on the DPF extracts using
the Fenton reaction mechanism (Table 1.). In Fig. 1, all extracts exhibited good hydroxyl
radical scavenging ability. Effective scavenging concentration (ICsp) on Hydroxyl radical
decreased in the order of DB>AA>Tam>Tef. Hydroxyl radicals are known to be capable of
abstracting hydrogen atoms from membranes and bring about peroxidic reactions of lipids
[36]. Based on the evidence, we hypothesized the extracts from DPF would show antioxidant
effects against lipid peroxidation on biomembranes and scavenge the hydroxyl radicals at the
stage of initiation and termination of peroxy radicals.

140 -
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Fig. 1. Concentration—response plots for inhibition of the absorbance
of hydroxyl radical at 536 nm for DPF extracts

3.3. DPPH radical scavenging activity
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DPPH' radical is a stable lipophilic free radical which has been generally used for estimating
antioxidant activity of food and medicine materials [37]. DPPH’ is a stable free radical and
accepts an electron or hydrogen radical to become a stable diamagnetic molecule [38,39]. The
decrease in absorbance of the DPPH radical caused by antioxidant was due to the scavenging
of the radial by hydrogen donation. It is visually noticeable as a colour change from purple to
yellow [40,41]. In the current study, DPPH percent scavenging activities of plant crude
extracts were measured in different concentrations ranging between 0.0042 g/l and 0.0295 g/l
and results are given for DPPH percent radical scavenging activity (% RSA) versus extract
concentrations in g/l in Fig. 2. The scavenging effect was increased with increasing
concentration. Table. 1. shows the comparative data of DPPH radical scavenging activity, as
determined by the ICsy values (the concentration required to inhibit radical formation by 50%
and was obtained from interpolation from linear regression analysis) of the different DPF.
Highest activity was found in Tef, followed by DB, and the lowest activity was found in Tam.

120 -
=
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z 100 ®Tam (R*=0,9982)
£ 04
?1- ADB (R2=0,9034)
E( 60
z BTef (R2=0,0042)
2 40 A
[
7]
T 20 A
&
Q 0 T T T 1

0 0,01 0,02 0,03 0,04

Concentration (g/1)

Fig. 2. Concentration—response plots for inhibition of the absorbance
of DPPH radical at 517 nm for DPF extracts

These reports indicated that the radical scavenging capacity of extracts might be mostly
affected by the presence and position of phenolic hydroxyl group. The radical scavenging
activity of phenolic compounds depends on their molecular structure, that is, on the
availability of phenolic hydrogens and on the possibility for stabilization of the resulting
phenoxyl radicals formed by hydrogen donation [42,43]. From these results, DPPH radical
scavenging ability of all solvent extracts from ginseng leaves were related to various amount
of antioxidants.

3.3. Cyclic voltammetry assay
The obtained results (Fig. 3.) show that in all the five cases the addition of the extract causes a
proportional decrease of O, anodic peak current (I§,) while the intensity of O, cathodic

current appears to be negligible. in the case of DB (Fig. 3. a). The decrease of the anodic peak
current of O," suggests that the polyphenol substrate reacts irreversibly with O, . For each
antioxidant compound, a series of I values is determined from the CVs recorded for

increasing antioxidant concentrations (Fig. 3). All antioxidant substrates exhibited a similar
effect upon the O, reduction. The scavenging activity of the antioxidant is often evaluated
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according to its I1Csy, 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 shown in table. 1. Lower values correspond to higher

antioxidant activities. It can be seen from this table all the ICsy values of DPF extracts showed

an antioxidant capacity higher than the corresponding gallic acid (GA) and ascorbic acid

(AA). The ICsg values of DPF extracts ranged from 33.1677 to 70.62mg/l. The lowest value

of 1Cso (33.1677 mg/l) was detected in Tef variety and it corresponds to the highest

antioxidant activity; while the highest value of ICsy (70.62mg/l) was detected in Tam variety.
The antioxidant activity in the extracts of DPF decreases in the order Tef>DB>Tam.
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Fig. 3. Plotting of scavenging of superoxide anion of cyclic voltammogram against the corresponding
concentration of DB (a), Tam (b), Tef (c). Operative condition: DMF + 0.1M BuyNPF¢on GC as
working electrode vs. SCE at 28°C with scan rate of 0.1 V/s 1.

4. Conclusions

All the assays confirmed the good antioxidant potential of the Three date palm fruit
(DPF) varieties, Degla Baidha (DB), Tamjhourt (Tam), and Tefezauine (Tef). The proposed
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electrochemical protocol is easy, fast and showed a good precision and a high sample

throughout. The results suggested that the DPF has important benefits to human health, and
could serve as a source of antioxidants or nutraceuticals with potential applications.
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