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ABSTRACT
Influence of pH aqueous medium extraction on phenolic content, flavonoid content, proanthocyanidins, phytochemical composition, antioxidant activities of leaves extract from Phoenix dactylifera L was investigated. It was observed that extraction yield increased at weak acidic
condition (value of pH between 2 and 3), and the pH effects on the composition extraction process were illustrated. For the low value of pH,
the yield extraction increase, similar phenomena for the antioxidant activity and concentration of individual phenolic compounds obtained by
HPLC, but the phenolic content decrease. For the high value of pH, the yield extraction decrease, the low antioxidant activity and concentration of individual phenolic compounds obtained by HPLC, but the phenolic content increase. The optimum pH value of medium extraction
solvent it is 2.
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1. INTRODUCTION:
Phoenix dactylifera L. (synonyms Palma major Garsault and Phoenix
cycadifolia Hort. Attens ex Regel) commonly known as the date palm
is an important plant in the scorched regions of Southwest Asia and
North Africa. The fruits which are the most commonly used part are
an important source of nutrition, especially in the arid regions where
due to the extreme conditions, very few plants can grow. In conversational languages, dates are known as Sugar Palm (English), Nakhal
(Arabic)1. Date palm (Phoenix dactylifera L.) is an important tree for
the populations living in the Algerian Sahara. It is a vital component
of their diet. This fruit has great importance from nutritional and economic points of view. Global production of date fruits exceeds 7 million metric tonnes annually in the world. During 2010, 710 000 metric
tonnes were produced in Algeria which is the first producer in the
Arab Maghreb union.
The chemical composition of date fruits was reported in many studies. These fruits are rich in simple sugars like glucose and fructose
(65–80%), and represent a good source of fibers (6.4–11.5%) as well
as some essential minerals (0.10–916 mg/ 100 g dry weight). In addition, dates are characterized by a low fat content (0.2–0.5%) and lack
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of starch 2. Polyphenols are a group of naturally occurring secondary
metabolites derived from shikimate-derived phenylpropanoid and
polyketide pathways. They feature more than one phenolic ring and
are classified based on the nature of their carbon skeleton: phenolic
acids, flavonoids, stilbenes and lignans 3.
Humans consume polyphenols in their daily diet, as they are widespread in plant-based foods, estimated range of consumption being
approximately 1 g per day. Cereals/whole grains contain numerous
bioactive compounds mainly phenolic acids and flavonoids. Millet
grain phenolics possess bioactivities against several pathophysiological conditions and may serve as potential natural sources of antioxidants in food and biological systems4.
Polyphenols may have therapeutic health effects for a variety of
chronic pathological conditions including cancer, neurodegenerative
diseases, diabetes, and cardiovascular diseases. Many polyphenols
are derived from natural food products. Thus, they are often considered safer and more easily integrated into lifestyle changes than conventional pharmaceutical drugs. Recently, specific molecular targets
for various polyphenols have been discovered5.
Due to their potential as health promoters and food preservatives,
there is a need to maximize the extraction of phenolic compounds from
plants material. Several extraction conditions, including tea particle
size, brewing temperature, length of extraction, ratio of solvent, type
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of solvent and the number of times the same material is extracted,
have been found to directly affect the extraction efficiency of the
extract constituents.
The low pH value of the extraction solution can prevent the oxidation
of phenolics, while the use of low temperatures may preserve anthocyanin stability6,7. Thus, an investigation of the efficient extraction of
phenolics from Phoenix dactylifera L requires evaluation under various temperatures and solvent pH values. Phenolic compounds show
good antioxidant ability8, but they are relatively unstable9. As the
stability is dependent on various factors, such as pH value and temperature10, the antioxidant ability of the phenolic compounds under
the conditions of various temperatures and pH values also needs
further evaluation.
The objective of this study was to examine the effects of various
extraction pH values on the extraction yield of phenolics from Phoenix dactylifera L and then evaluate total antioxidant ability and scavenging activities (DPPH, FRAP and antioxidant capacity) and antiinflammatory activity of leaf extract from Phoenix dactylifera L under various pH conditions.
This study we want demonstrate the potential antioxidant activity
with Algerian leaves of Phoenix dactylifera L note that studies on
this type of leaves is rare ,so that we can use these natural extracts as
food additives in replacement of synthetic compounds.
2. MATERIALS AND METHODS
Plant material
The leaves of Phoenix dactylifera L were collected from south east
of Algeria, state of El Oued on May 2013. The leaves were thoroughly
washed and reduced into small pieces and were air dried in the laboratory at room temperature 30 °C for 8 days. The dried leaves powdered into particles (about 1 mm in size). 15 g of the powder was
extracted with 150 ml of water (80-90 °C) for 5 h in Soxhlet in different
pH (7 ;6 ;5 ;4 ;3 ;2) ; where the pH values were fixed by adding a
solution of acetic acid to increase the acidity of pH either to lose, we
added a solution of NaOH, At the end of the extraction, each extract
was passed through Whatman No.1 filter paper (Whatman England).
The filtrate obtained was concentrated in vaccum using evaporator
and re-dissolved in the same extraction solvent (water) to prepare the
required concentration for the subsequent essays6.
Total phenolic content
The method described by using Folin-Ciocalteu reagent was used to
determine total phenolics content in aqueous extract of S. latifolia
bark. A volume of 0.5 mL of the extract (1 mg/mL), was mixed with 2.5
mL of 10% Folin-Ciocalteu and 2 mL of Na2CO3 (75% w/v). The re-

sulting mixture was vortexed for 15 sec and incubated at 40 °C for 30
min for colour development. The absorbance of total phenolics was
measured at 765 nm using Hewlett Packard, UV/visible light. Total
phenolics content was expressed as mg/g tannic acid equivalent (TE)
using the expression from the calibration curve Y=0.588 x + 0.004,
R2=0.996, where x is the absorbance and Y is the gallic acid equivalent
in mg/g. The experiment was conducted in triplicate and the results
were expressed as mean ±SD values7.
Total flavonoids
The flavonoids content in extracts was determined spectrophotometrically using an aluminum chloride colorimetric method, based on
the formation of a complex flavonoid aluminum. Each plant extract
with 1.5 ml of methanol, 0.1 ml of 10% aluminum chloride (AlCl3), 0.1
ml of 1 mol·L-1 potassium acetate (CH3COOK) and 2.8 ml of distilled
water. After incubation at room temperature for 30 minutes, the absorbance of the reaction mixture was measured at 415 nm against the
distilled water blank8.
Total flavonoids content was expressed as mg/g rutin equivalents
(RE) using the expression from the calibration curve Y=1.041 x - 0.369,
R2=0.995, where x is the absorbance and Y is the rutin equivalents in
mg/g. The experiment was conducted in triplicate and the results
were expressed as mean ±SD values.
Total proanthocyanidins
Total proanthocyanidins was determined based on the procedure of
sun et al. The mixture of 3 ml of vanillin- methanol (4? v/v), 1.5 ml of
hydrochloric acid was added to 0.5 ml (1 mg/ml) of aqueous extract
and vortexed. The resulting mixture was allowed to stand for 15 min at
room temperature and the absorbance was then measured at 500 nm.
Total proanthocyanidin content was expressed as catechin equivalents (mg/g) using the equation obtained from the calibration curve:
Y=0.768X+0.139, R2=0.996, where X was the absorbance and Y is the
catechin equivalent (mg/g)9.
DPPH assay
The radical scavenging activity of the extracts against DPPH radical
was measured using the method of Brand-Williams et al10, slightly
modified as follow: an aliquot (1 mL) of methanolic solution containing different amounts of 0.01–1 mg/mL) were added to 2 mL of daily
prepared methanol DPPH solution (0.1 mM). The mixture was shaken
gently and left to stand at room temperature in the dark for 15 min.
Thereafter, the absorbance was read at 515 nm. The scavenging activity was measured as the decrease in absorbance of the samples
versus DPPH standard solution11. Results were expressed as radical
scavenging activity percentage (%) of the DPPH radical according to
the formula: %DPPH radical scavenging =[(A0-AS)/A0]*100. Where
A0 is the absorbance of the control and AS is the absorbance of the
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Determination of antioxidant capacity by the phosphomolybdenum
method
The antioxidant activity of the extracts was evaluated by the
phosphomolybdenum method13. An aliquot of 0.1 ml of sample solution (equivalent to 100 lg) was combined with 1 ml of reagent solution
(0.6M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium
molybdate). In the case of the blank, 0.1 ml of methanol was used in
place of sample. The tubes were capped and incubated in water bath
at 95 _C for 90 min. After the samples were cooled to RT, the absorbance of the aqueous solution of each was measured at 695 nm12. The
antioxidant capacity was expressed as an equivalent of ascorbic acid
(mg ascorbic acid/g dried extract) using the expression from the calibration curve Y=4.171 x + 0.119, R2=0.997, where x is the absorbance
and Y is the antioxidant capacity in mg/g. The experiment was conducted in triplicate and the results were expressed as mean ±SD values.
HPLC analysis
The analysis of individual phenolic compounds was performed following the method proposed by Gonzlez-Gomez et al6. The chromatographic separation carried out with a Shimadzu HPLC C18 column
(250 mm X 4.6 mm, 5 mL) and heated to 35 ° C. The mobile phase used
for the separation consists of aqueous 0.1% TFA (A) and acetonitrile
(B) defined in gradient mode as follows: initial conditions of 10% B; 03 min 10% B; 3-15 min 15% B; 15 to 20 minutes the composition was
constantly maintained at 15% B; 20 to 25 min 18% B and 25 to 40 min
30% B. The period of the column equilibrium is 5 minutes. The flow
rate was set at 1 ml / min for all experiments. The concentration of
extract it is 10 mg / ml and the ability of the injection loop was 10 µl.
Detection was performed at 300 nm. After each cycle, the system is
reconditioned for 20 minutes before further analysis.

Extraction yields and phenolic contents: Figure 1 shows the extraction yield (g/15 g dry weight). Generally, the pH= 2 afforded the highest yield (32.99±2.15w/w), while the lowest (15.85±4.22 and 16.19±5.34)
was obtained from the PH=6 and PH=4 respectively. Intermediate
values were found in the rest of pH.
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Ferric-reducing antioxidant power (FRAP) assay
The FRAP assay was performed based on the procedure described
by Benzie and Strain (1996) with slight modifications12. In this assay,
100 µL of the diluted sample were added to 3 mL of the FRAP reagent
and the reaction was monitored after4 min at 593 nm. The results were
expressed as µmol Fe(II)/g fresh weight (FW) of vegetable.
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Figure1: Mass yield of leaves extract of Phoenix dactylifera L obtained by water in different pH
Figure 2 shows the TPC (mg GAE/ g of extract), TFC (mg rutin/ g of
extract) and Total proanthocyanidins contents (mg catechin E/g of
extract). Results of the analysis of polyphenols indicated that the
pH=6 contained the highest concentration of polyphenols and flavonoids, While The pH =3 contained highest concentration of
proanthocyanidins; whereas the pH = 2 contained the lowest.
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Statistical analyses: The data obtained in this study were expressed
as the mean of three replicate determinations plus or minus the standard deviation (SD). Statistical comparisons were made with Student’s
test. P values <0.05 were considered to be significant.
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Figure 2: Total phenol content (TPC),total flavonoids content (TFC)
and Total proanthocyanidins contents of leaves extract of Phoenix
dactylifera L obtained by water in different pH
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The DPPH radical is a stable radical with absorption band at 515–528 HPLC assay: in table 2 the results present that pH= 7 has the lower
nm. It loses this absorption when accepting an electron or a free concentration of phenolic composes and we observe that the rutin
radical species, which results in a visually noticeable discoloration compose shows in pH 2,3,4,5 and 6 by high concentration which it
from purple to yellow. Because it can accommodate many samples in arrive at 89.16 µg/mg Ms in pH = 4. Gallic acid and demonstrate higha short period and is sensitive enough to detect active ingredients at est concentration in pH 3 and 2 (20.91 and 10.01 µg/mg Ms) that is the
low concentrations, it has been extensively used for screening anti- same observation in vanillin which it results a concentration 2.72 and
radical activities of extracts. Results in figure 3 demonstrated that all 2.31 µg/mg Ms in pH 3 and 2 at successively. The maximum concensamples exhibited dose-dependent DPPH radical scavenging activi- tration of ascorbic acid present in pH = 5 while chlorogenic acid and
ties. The pH= 6 (IC50 = 1.35±0.04mg/mL) has the most active scaven- cafeic acid show the main concentration in pH = 2. These result give
ger of DPPH radical followed by leaves extract, then pH=2 (IC50 = me an idea about pH =2 that it has the best medium extraction for the
2.35±0.08 mg/mL). but the least scavenger of DPPH radical followed phenolic compounds.
in pH=3 (IC50 = 3.17±0.03 mg/mL).
Table 2: Constituents content of extract from Phoenix dactylifera
L analyzed by HPLC
100
Components

Retention
temps (mn)

Equation

Correlation
Coefficient

Gallic Acid
Chloregenic Acid
Cafeic Acid
Vanilline
Rutine

5.61
13.49
16.54
21.46
28.49

Y= 22781.36 X
Y=37492.06 X
Y=70429.77 X
Y=80555.42 X
Y=3118.94 X

Inhibition (%)

80

60
PH2
PH3
PH4
PH5
PH6
PH7

40

Components

20
0

1

2

3

4

5

6

Concentration (mg/ml)

R2 =0.998
R2 =0.998
R2 =0.999
R2 =0.998
R2 =0.999
R2 =0.998

Concentration of phenolic compounds (µg/mg DW)
PH
2
3
4
5
6
7

0.99
Gallic Acid
10.01
Chloregenic Acid 4.86
Cafeic Acid
1.31
Vanilline
2.31
Rutine
82.68

1.36
20.91
0.08
0.38
2.72
54.02

1.85
1.83
1.93
1.11
0.84
89.16

2.10
0.71
0.94
0.74
9.69

1.27
2.40
0.73
0.71
0.46
58.65

0.21
0.30
0.02
0.01
0.03
0.005

Figure 3. Free DPPH radical scavenging activity of Phoenix
dactylifera L leaf extract obtained by different pH aqueous extraction
Ferric-reducing antioxidant power (FRAP) assay
The results for the selected extracts are presented in Table 1.the
PH=5 has the best antioxidant capacity (168.04±1.86 µmol Fe II /g
FW) while the pH =7 shows the least (129.27±1.77 µmol Fe II /g FW).
Antioxidant capacity determined by phosphomolybdenum method:
the results in table 1 shows that the highest antioxidant capacity
observed in pH= 4 (68.34±0.71 mg ascorbic acid/g dried extract)
whereas pH=2 has the smallest antioxidant capacity (55.11±0.60 mg
ascorbic acid/g dried extract).
Table 1. Determination of antioxidant capacity by DPPH assay, Ferricreducing antioxidant power (FRAP) assay and the phosphomolybdenum
method
pH

DPPH
IC50=
(mg/ml)

Ferric-reducing
antioxidant capacity
antioxidant power determined by
(µmol Fe II /g FW) phosphomolybdenum
method (mg ascorbic
acid/g dried extract)

2
3
4
5
6
7

1.35±0.04
3.17±0.03
2.50±0.02
1.99±0.05
2.35±0.48
2.71±0.02

147.02±1.82
156.96±0.30
164.73±4.48
168.04±1.86
158.31±5.15
129.27±1.77

55.11±0.60
55.92±0.60
68.34±0.71
63.62±0.69
64.12±1.08
62.81±0.73
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Figure 6: Quantification of phenolic components by HPLC
DISCUSSION
Most plants including lettuce show maximum phenolic compounds
activity at or near neutral pH values14,15. pH is a determining factor in
the expression of enzyme-atic activity. It alters the ionization states
of amino acid side chains or the ionization of the substrate. One
reason for the loss of antioxidant activity at pH 7 could be higher
activity of phenolic compounds at this pH resulting in higher phenol
degradation. Phenolicoxidase catalyzes the oxidation of phenolic such
as chlorogenic to form dark condensation products16. pH of the surrounding medium influence the radical scavenging capacity of these
phenolic compounds17. pH dependent increase in the antioxidant activity against lipid oxidation and stable radicals can, at least in part,
be related to the deprotonation of an OH moiety. The actual mechanism of antioxidant action of the deprotonated forms can be either
hydrogen atom or electron donation or both.

Figure 5. Chromatogram of phenolic components leaf extract from
Phoenix dactylifera L obtained by different pH aqueous extraction

The flavonoid, total phenolic contents and antioxidant activity of
extracts as effect of pH are estimated. The result indicated that at
slightly acidic pH 2, flavonoid, total phenolic content and DPPH radical scavenging activity were highest. It meant that these active compounds derived from the paste were easily destroyed by high acidic.
However, it confirmed that flavonoid and total phenolic content in
the curry paste play an important role for DPPH radical scavenging
activity as mentioned above. The antioxidant activities of different
extracts indicate strong dependence of DPPH radical scavenging activity on the pH of the system. The antioxidant activity of different
extracts from Phoenix dactylifera L was higher at pH=2, this results
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is similar to the results founded by Librán et al18, the best value of pH
extraction for the antioxidant activity at pH = 2. These differences
may be due to different samples used and various compounds being
extracted in each case.
Experimental results show that the lower pH will be helpful for obtaining higher extraction yield as shown in figure1and it provide highest yield as we found in figure 1 and these result showed in other
researche13. Table 1 demonstrate the influence of pH at concentration
of different phenolic compounds that we found pH =3 has the highest concentration of phenolic components. The same result shown
for the inhibition scavenging of DPPH radical of leaves extract.
whereas, it is found from pH =2 does not show higher total phenol
content, total flavonoids content and total proanthocyanidins contents of leaves extract. Previous works indicated the degree of correlation between antioxidant activity and polyphenol contents depends
not only on the total polyphenol content, but also on the composition of extracts19.
By the above investigation, we can say that lower pH will decrease
the phenolic compounds but decrease the extraction performance.
CONCLUSION
This study reflects the importance of controlling the studied extraction value of pH to obtain an extract with the highest polyphenol
content and with an adequate antioxidant activity.
Using water as extracted solvent was a good promising for phenolic
content and antioxidant activity. However, if pH of testing system
was higher than 4, it reduced more flavonoid, total phenolic contents
and but increase antioxidant activity. Even, lower pH degraded the
curry paste quality in term of flavonoid, total phenolic contents and
proanthocyanidins. In general, the best process conditions for pH of
medium extraction solvent it is 2. Further studies are in progress in
this laboratory for the isolation and identification of the bioactive
compounds.
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