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ABSTRACT

The main of this investigation was to compare the extraction efficiency of different methods
with various solvents from Phoenix dactylifera L extracts. The antioxidant activity and total
phenolic compounds of extracts were evaluated using the various method. The highest
extraction yield was founded in 70% methanol. Acetone extract exhibited a higher total
antioxidant activity, ferric reducing antioxidant power and DPPH radical scavenging activity.
The same extract also exhibited the highest phenolic, flavonoid, flavanol and condensed
tannins contents. The results revealed that the ultrasonic is most suitable for the extraction of
phenolic compounds and thus showing high levels of phenolic content and very high
antioxidant capacities relative to the soxhlet and maceration technique. The results propose
that Phoenix dactylifera L leaves extract can be considered as a rich source of natural
bioactive compounds.
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1. INTRODUCTION

Phytochemicals, particularly antioxidants from natural sources such as fruits, vegetables, and
herbs have gained popularity due to their protective properties against several chronic
diseases such as cancer and cardiovascular diseases [1,2]. Antioxidants from aromatic were
studied to develop natural antioxidant for food, cosmetic, and other applications [3]. The plant
is rich in phenolic compounds; the type and content of polyphenols differ substantially
between different parts of the plant. Many foods containing phenolic compounds, they may be
known best for the one with the highest quantity. Polyphenols are spliced into family groups
based on their chemical structure [4-6]. Polyphenols contained very classes: phenolic acids,
flavonoids, stilbenes and lignans [7]. Extraction is an important step in the itinerary of
phytochemical for obtained of bioactive constituents. Selection of a suitable extraction
technique is also principal phase for the standardization of herbal products [8].

The extraction parameters presented the important step for the quality and quantity of
antioxidant activity [9]. There are many techniques to recover antioxidants from plants, such
as classical, Soxhlet and ultrasonic extraction, are widely used for obtaining extractive
substances from Phoenix dactylifera L. Ultrasonic extraction has recently been shown to be
very promising and effective for obtaining bioactive substances. The main benefits of the use
of ultrasound are the increase of the extraction yield, a faster process and even the improved
quality of the extracts [10]. However, extraction yield and antioxidant activity not only
depend on the extraction method but also on the solvent used for extraction. The presence of
various antioxidant compounds with different chemical characteristics and polarities may or
may not be soluble in a particular solvent [11]. Polar solvents are frequently used for
recovering polyphenols from plant matrices. The most suitable solvents are aqueous mixtures
containing ethanol, methanol and acetone. Ethanol has been known as a good solvent for
polyphenol extraction and is safe for human consumption. Methanol has been found to be
more action in the extraction of lower molecular weight polyphenols, whereas aqueous
acetone is better for extraction of higher molecular weight [12]. The date palm (Phoenix
dactylifera L.) is one of mankind’s oldest cultivated plants, are an Arecales species widely

distributed in North Africa and Southeast Asia. Phoenix dactylifera L. is an evergreen tree and
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can grow in the high region of course in well-drained soils [13]. This tree involves many
varieties, depending on the shape and the organoleptic properties of the fruits. It is estimated
that there are more than 600 varieties of this species worldwide. The aim of present work was
to examine the effects of solvents and methods on the extraction of polyphenol and in vitro

antioxidant activities of the extracts from Phoenix dactylifera L. leaves.

2. RESULTS AND DISCUSSION
Soxhlet and maceration demand long extraction time, high volume of solvents and very

experience sometimes complicated [14]. Non-conventional extraction techniques such as
ultrasonic-assisted extraction (UAE) have been developed, for their advantage (improved:
efficiency, extract quality, extraction time or cost and volume of solvent) over conventional
systems [15,16]. These methods were employed for the extraction and isolation of phenolic
compounds from plants [17]. Biologically active compounds naturally existed in very small
quantity in plants extracts. The composition of herbal extracts dependent on the extraction
technique, the nature of phytochemicals, particle size, composition, nature of the solvent, and
the presence of interfering substances [18,19]. Therefore, it is necessary to select the suitable
extraction method as well as solvent based on sample matrix properties, chemical properties
of the analytes, matrix analyte interaction, efficiency and desired property.

2.1. Extraction yield and phytochemical composition

Many techniques using to obtaining phytochemicals from plants such as milling, grinding,
homogenization, and extraction. Among these steps, extraction is the main step for recovering
and isolating phytochemicals from plant materials. Extraction efficiency is affected by the
chemical nature of phytochemicals, the extraction method used, sample particle size, the
solvent used, as well as the presence of interfering substances [20]. The yield of extraction
depends on the solvent with varying polarity, pH, temperature, extraction time, and
composition of the sample. Under the same extraction time and temperature, solvent and
composition of the sample are known as the most important parameters. The yields of crude
extracts from the leaves of Phoenix dactylifera L., obtained by diverse methods using a
different type of aqueous solvents, were calculated and the results were shown in Table 1. The

recovery percentage of extractable compounds of the extracts is ranged from 10.66% for
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aqueous acetone extract to 25.73% for aqueous methanol extract. This difference may be
attributable to the higher solubility of extractable bioactive components such as carbohydrates
and proteins in methanol than in ethanol and acetone [21,22]. Differences in the structure of
phytochemical compounds also determine their solubility in solvents of different polarity [23].
Therefore, the addition of water to methanol proved that the extraction efficiency can be
increased significantly. This observation is consistent with other reported results [24,25], as
the water tends to increase the polarity of the extract. The combined use of water and organic
solvent may facilitate the extraction of chemicals that are soluble in water and/or organic
solvent [26].
Table 1. Extraction yield, Total phenolic, total flavonoid, total flavanol and condensed

tannin contents of Pheonix Dactylifera L extracts.

Methanol Ethanol Acetone
Extract Classical Ultrasound Soxhlet Classical Ultrasound Soxhlet Classical Ultrasound Soxhlet
extraction extraction extraction extraction extraction extraction extraction extraction extraction
Extraction
12.74 £ 0.05 25.73+0.47 16.21 £ 0.01 12.15+0.8 14.8 £ 0.54 14.95+0.13 10.66 £ 0.01 15.11+£0.32 12.36 +0.12

yield (%)
TPC
(mg GAE/qg)
TFC
(mg RE/g)
TFLC
(mg QE/g)
cTC
(mg CE/g)

246.88 £9.73  228.29+459  271.69 +1.37 182.2+29 187.19 +£3.84 172.64 £+8.46  484.44+438  528.81 +29.55

269.94 =
246.19+21.3 240.79+20.4 89.91+0.1 95.53+£0.97 66.99 + 0.67 205.94 +2.39 102.06 +1.90
18.24
14.16 £ 0.09 1791+0.11 10.42+0.2 753+0.3 7.70+0.24 7.36+0.24 26.45+0.33 20.79£0.6

171.08 £9.76  195.06+17.1 167.68+6.63  206.05+ 15.8 246.87 £10.23  156.68 £10.2  246.19+21.34  240.79 +20.37

625.17 +11.82

139.8 £0.45

12.14+04

269.94 +18.24

Previously Methanol, ethanol and acetone have been commonly used as solvents at different
concentrations in water for extraction of phenolic content from plant materials [27, 28].The
recovery of phenolic content from the plant is influenced by the solubility of the phenolic
compounds in the solvent used for the extraction process. Furthermore, the polarity of solvent
plays a crucial role in increasing the phenolic compounds’ solubility [29].

2.2. Total phenolic content

In the literature, several solvents are used for the extraction of phenolic compounds and often
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mixed with water at a different proportion [30,31]. In general, phenolic compounds in plants
are polar compounds, which usually are extracted with polar solvents such as aqueous acetone
and methanol [32]. The ability of different solvents to extract phenolic compounds was
compared using the method of Folin-Ciocalteu assay. The results were expressed as gallic acid
equivalents (mg GAE/ g DW). Table 1 shows that the different results on TPP content and
they were able to extract phenolic compounds, but aqueous acetone 70% was the most
effective solvent as methanol and ethanol at the same concentration. Ultrasonic allows
extracting the highest quantity TPP which is 625.17 + 11.82, followed by soxhlet 528.81 +
29.55 and ethanol classical extraction 484.44 + 4.38 mg GAE/ g DW.

2.3. Total flavonoids content

Total flavonoid content (TFC) of different extracts was measured using aluminum chloride
colorimetric methods (Table 1). The results showed that the TFC of Phoenix dactylifera L
varied considerably from 42.93 to 205.94 mg in terms of rutin equivalents/ g DW of the
sample. Flavonoids are considering as phenolic compounds with the highest antioxidant
activity due to their chemical structure .Plant flavonoids are an important part of the diet
because of their effect on human nutrition [9]. Even though it is apparent that the flavonoids
were important phenolic compounds contributing to the antioxidant activity of date palm, it is
also possible that other phenolic compounds could also contribute to the antioxidant
properties of these plant [33]. In the case of both Phoenix Dactylifera L the highest amounts
of the total phenolic compound and flavonoids are found in the extracts obtained by
ultrasound extraction and classical extraction respectively, and the lowest one is obtained by
the Soxhlet extraction. This may be explained by oxidation and degradation of these bioactive
compounds under higher extraction temperature and the much longer extraction time of the
Soxhlet extraction [34]. The plant species and the extraction method have a statistically
significant influence on the total phenolic and flavonoid content in the extracts.

2.4. Total flavanol contents

Table 1 represents the total flavanol content (TFLC) of different extracts estimated using
aluminum chloride colorimetric methods and expressed as quercetin equivalents (QE). The

TFLC of Phoenix Dactylifera L extracts ranged from 7.36 to 26.45 mg of quercetin / g FW.
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The classical extract prepared with 70% acetone showed highest TFLC when compared to
other solvents and methods extracts.

2.5. Condensed tannin content

The analysis of the results of the content of tannins condensed consigned in table 1, reveals
that the Soxhlet extraction is more effective for the extraction of the tannins (269.94 mg CE/g
of fw) that the other techniques extraction (classical extraction and ultrasound extraction
respectively). The increase in the temperature supports on the one hand the diffusion and the
solubility of the extracted substances; on the other hand it destroys certain substance fragile
[35]. This increase in the contents of tannin condensed in this extract can be explained by the
destruction by the heat of the polyphenols oxidases (PPO which lower the content
polyphenols; thus, the rupture of connections between polyphenols and other substances
(proteins, polysaccharides...) driving with accessibility with this active ingredient can explain
its share this abundance [36]. Whatever the method of extraction, acetone records the highest
contents of tannins condensed (269.94 + 18.24 mg CE / g DW ) followed by ethanol and
methanol are on average 246.87 + 10,23 and 195.06 + 17.09 Mg CE / g DW respectively. On
the other hand, methanol extracts the tannins slightly. According to [37] the extraction of the
tannins, in general, is carried out by a mixture of water and acetone what explains our results.
[38] they are showed as acetone a 70% in water gives a better output than water or methanol.
2.6. Antioxidant activity

Large varieties of different antioxidants present in fruits, it is very difficult to measure the all
the antioxidants of plant extract through a single method. Different methods have been
established to measure the antioxidant capacity of different plant materials [39, 40]. Table 2
shows the antioxidative activity of Phoenix dactylifera L. leaves extracts in different solvents

measured by different methods.
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Table 2. Total antioxidant activity, 1Cso in DPPH radical scavenging activity and Ferric

reducing/antioxidant power of different extract of Pheonix Dactylifera L

Methanol Ethanol Acetone
Extract Classical Ultrasound Soxhlet Classical Ultrasound Soxhlet Classical Ultrasound Soxhlet
extraction extraction extraction extraction extraction extraction extraction extraction extraction
43254 +
PPM 25943 +1.1 268.68 + 3.97 249.68 £6.12 423.44 +4.38 41433 +12.53 44577 +14.43 608.34 £21.32 53143 +16.83
24.01
DPPH ICso= 0,0233 + 0,0268 + 0,0282 + 0.0184 + 0.0144 + 0.0104 + 0.0132 +
0,0272 + 0.0004 0,0271 £ 0.0005
(ng/ml) 0.0002 0.0001 0.0002 0.0003 0.0002 0.0001 0.0004
FRAP 128.06 + 3.83 136.76 £9.72 126.92 £551 104.29 £ 2.61 97.05 £ 5.352 116.76 + 3.54 160.85 £3.71 198.94 + 6.83 173.80 £9.21

2.7. Total antioxidant activity

The phosphomolybdenum method is based on the reduction of Mo (VI) to Mo (V) by the
antioxidant compounds and the formation of green Mo (V) complexes with a maximal
absorption at 695 nm [41,42]. Using this method, the result indicated that the ultrasound
extract in 70% acetone of Phoenix dactylifera L had the highest antioxidant capacity with a
value of 608.34+21.32 mg gallic acid equivalent/g fresh weight; this activity may be due to
the presence of phenolic compounds [43]. The soxhlet extract in methanol showed lower
activity with values of 249.68+6.12 and 445.77+14 mg gallic acid equivalent/g dried extract
(Table 2). An improvement in the antioxidant capacity of extracts obtained by ultrasound was
revealed by [44], which showed that the best antioxidant activities are obtained by the
ultrasound method compared to soxhlet and maceration. Many of the preceding studies
measured the effect of various solvents on the antioxidant activity by using different methods.
[45,46] indicated that the extract of methanol showed a strong antioxidant activity measured
with various methods in comparison with other solvents. However, [47] declared that the
extraction in acetone gave to the most raised antioxidant activity, while methanol had the
means low. In addition, [48] mentioned that the acetone extracts of the flower of lychee had
an activity more raised in antioxidant analyses than of the water or methanol extracts.

2.8. DPPH radical-scavenging activity assay

The DPPH is a stable free radical and has been widely accepted as a tool for estimating free

radical scavenging activities of antioxidants [49]. It was one of the most widely used methods
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for screening the antioxidant activity of vegetable materials and plant extract [50,51]. The
interaction of a potent antioxidant with DPPH depends on the extraction technique and the
plant species [10]. Table 2 shows the DPPH scavenging activities of the different extracts.For
the plant The ultrasound extract in 70% acetone exhibited the strongest antioxidant activities
against DPPH radicals I1Cs,= 0.0105 pg/ml, followed by soxhlet extract in 70% acetone with
IC 50 = 0.0115pug/ml and the lowest value in classical extract in 70% ethanol with ICsp=
0,0282 pg/ml.

2.9. Ferric reducing/antioxidant power assay (FRAP assay)

Table 2 presented the results of FRAP assay. The highest reducing power was found in
ultrasound extract in 70% acetone (198.94 mg). The antioxidant activity of FRAP assay was
correlated with the amount of total phenolic content. According to phenolic content ultrasound
extract in 70% acetone extract showed the highest reducing activity and classical extract in 70%
ethanol showed least reducing activity and they were significantly different.

2.10. HPLC analysis

HPLC fingerprinting provides the chemical characterization of the crude extract. It is known
that the polyphenols and flavonoids, being secondary metabolites, are present in several plants
and can serve as markers of the crude extract. Therefore, phytochemical analysis of the crude
extract was assessed by analysis [52]. The constituents in the different extracts were analyzed
by HPLC. Figure 1 showed the chromatograms of extracts sample and standard markers
mixture. Peaks 1, 2, 3, 4 and 5 were ascorbic acid, chlorogenic acid, caffeic acid, vanillin and
rutin, respectively. The contents of these components in different extracts were determined
according to the calibration curves an the concentration of analyses (0-80 pg/ml). The
quantitative results are summarized in Table 3. As shown, ascorbic acid was the most

dominant constituent and similar in the different extracts.
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Table 3. Constituents content analyzed by HPLC.

Methanol Ethanol Acetone
Extract Classical Ultrasound Soxhlet Classical Ultrasound Soxhlet Classical Ultrasound Soxhlet
extraction extraction extraction extraction extraction extraction extraction extraction extraction
Ascorbic
acid 0.26 0.45 0.31 0.2 0.51 0.39 190 190 200
(Hg/mg)
Chloroge-
nic acid 0.65 1.64 0.54 1.32 1.7 1.38 1.62 1.11 0.52
(Mg/mg)
Caffeic
acid 0.31 0.32 0.23 0.21 0.37 0.46 1.86 1.44 0.079
(Mg/mg)
Vanillin
0.69 0.4 0.29 0.29 0.43 0.63 0.53 0.36 0.23
(Mg/mg)
Rutin
6.39 8.12 6.07 7.88 11 6.2 10.4 8.37 6.44
(Mg/mg)
Standard
mixture
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Fig.1. Chromatograms of the standard mixture and different extracts of Phoenix Dactylifera L
leaves. Peak 1: Ascorbic acid; Peak 2: Chlorogenic acid; Peak 3: Caffeic acid; Peak 4: Vanillin;

Peak 5: Rutin

3. EXPERIMENTAL

3.1. Chemical and reagents

Folin Ciocalteu (FC) reagent was purchased from PROLABO, gallic acid, rutin, quercetin,
vanillin, 2, 2- diphenyl-1-picrylhydrazyl (DPPH) and 2,4,6-tripyridyl-S-triazine (TPTZ) were
purchased from Alpha Asear (France). Sodium carbonate anhydrous, ferric chloride,
aluminium chloride, sulfuric acid and hydrochloric acid were obtained from Biochem
chemopharma Co (Canada). Whereas ammonium molybdate tetrahydrate and catechin,
HPLC-grade methanol, ethanol, and acetone were supplied by Sigma-Aldrich.

3.2. Plant material

The Phoenix dactylifera L plant used in this study were collected from southeast of Algeria,

state of EI Oued on December 2013. The leaves then separated from each other, washed and
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dried at room temperature. These leaves were ground to a powder with a basic electric grinder
and stored in the dark at room temperature before use.

3.3. Preparation of plant extracts

3.3.1. Classical extraction

15 g of powder plant material was mixed with 90 ml of 70% methanol, ethanol and acetone
(1:8) separately in round bottom flasks for 24 h. Liquid extracts obtained were separated from
the solid residue by vacuum filtration, concentrated using a rotary evaporator.

3.3.2. Soxhlet extraction

15 g of powder plant material was extracted successively with 70% methanol, ethanol and
acetone (1:8), each 90 mL in a Soxhlet apparatus for 6 hours. All the extracts were filtered
through Whatman filter paper. Then the extracts were concentrated in a rotavapor.

3.3.3. Ultrasound extraction

Ultrasonic apparatus from Ultrasons-H (40 kHz, 1500W, dimension: 15cmx50cmx14cm) was
used for accelerated extraction. A beaker was partially submerged in an isothermal water bath
to maintain the extraction temperature at 25 °C. Fifteen grams (15 g) leaves were then
extracted with 90 ml of different solvent for 60 min. The extract was filtered under vacuum
through Whatman paper, and the solvent was removed with a rotary vacuum evaporator.

3.4. Determination of polyphenol content

The total phenolic contents in each extract were determined by the Folin-Ciocalteu method
[53,54]

3.5. Total flavonoids content

The total flavonoid content (TFC) of each extract was investigated using the aluminum
chloride colorimetric method [55].

3.6. Total flavanol content

Total flavonol content was determined using the method of Mbaebie BO and al [56].

3.7. Condensed tannin content (CTC)

Tannin content was determined by using a method described by Thomas M [57].

3.8. Total antioxidant activity

The phosphomolybdenum method applicated for estimating the total antioxidant capacity
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using the method described by Durre and Muhammad [59].

3.9. DPPH radical scavenging activity

The capacity of extracts to inhibition the DPPH radical was calculated using the method
described by Rivero-Pérez et al [60].

3.10. The ferric reducing antioxidant power (FRAP) assay

The method described by using for determination of ferric reducing antioxidant power (FRAP)
[61].

3.11. HPL.C analysis

The individual component extracts were analyzed by HPLC [62]. A LC-18 column (250 mm x
4 mm i.d. x 5 mm) was employed. Samples were injected. The components of the samples
were separated by gradient elution at 30 °C. The mobile phases were: A, 98:2 (v/v) acetic acid,
and B. The flow rate was 0.8 ml/min and the detection wavelength was 300 nm. Phenolic
compound standards Rutin, Ascorbic acid, gallic acid, Chlorogenic acid, Vanillin, Quercetin
and Caffeic acid. Peak identification in HPLC analysis was realized by collation of retention
time and standards reference. The mass of phenolic compounds in the extracts was done using
the peak area.

3.12. Statistical analyses

The data obtained in this investigation were presented as the mean of three replicate

determinations * the standard deviation (SD).

4. CONCLUSION
The present work, presented solvents extract effect in phenolic profile, in vitro antioxidant

activities of leaves extracts from Phoenix dactylifera L obtained by methanol, ethanol and
acetone with different technique extraction. The results indicated that ultrasound extract
displays high antioxidant capacity and phenolic content. The contents of flavonoids, flavanols
content, and condensed tannins of the extract were decreased: acetone> ethanol>methanol.
The extraction of Phoenix dactylifera L with different techniques revealed ultrasound to be
the finest to recover the antioxidant capacity, followed by Soxhlet, and classical extraction.
This research case explained the advantage of the ultrasound, compared to the conventional
extraction methods both for polyphenols. These results suggest that this plant has potent
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bioactive compounds and natural preservative therapeutic resources for treating various

diseases.

5. REFERENCES

[1] Temple NJ. Antioxidants and disease: More question than answers. Nutrition Research. 20,
2000, 449-459.

[2] Selma D, Imed H, Saloua F, Yassine M, Herve C, Belgacem H, Karim H. Phenolic
constituents, antioxidant and antimicrobial activities of rosy garlic (Allium roseum var.
odoratissimum). J. Func Foods. 4, 2012, 423-432.

[3] Miliauskas G, Venskutonis PR, Van Beek TA. Screening of radical scavenging activity of
some medicinal and aromatic plant extracts. Food Chem. 85, 2004, 231-237.

[4] Myburgh KH. Polyphenol supplementation: benefits for exercise performance or oxidative

stress? Sports Medicine, 44(1), 2014, 57-70.
[5] Bravo L. Polyphenols: chemistry, dietary sources, metabolism, and nutritional significance.

Nutrition Reviews. 56(11), 1998, 317-333.

[6] Manach C, Scalbert A, Moran C. Polyphenols: food sources and bioavailability. The
American journal of clinical nutrition. 79(5), 2004, 727-747.

[7] Manach C, Williamson G, Morand C. Bioavailability and bioefficacy of polyphenols in
humans. I: Review of 97 bioavailability studies. The American journal of clinical nutrition. 81,
2005, 230S-242S.

[8] Tushar D, Sonal S, Gajbhiye NA, Satyanshu K. Effect of extraction methods on vyield,
phytochemical constituents and antioxidant activity of Withania somnifera. Arabian Journal of
Chemistry. 10, 2017, S1193-S1199

[9] Lekbir A, Alloui-Lombarkia O, Mekentichi S, Noui Y, Baississe S. Optimization of
Deglet-Nour Date (Phoenix dactylifera L.) Phenol Extraction Conditions World Academy of
Science, Engineering and Technology. International Journal of Food Science and Engineering.
2013, 7-11.

[10] Ivana K, Milena N, Dragan V, Sasa S, Vlada V, Miodrag L. Comparison of Antioxidant
and Antimicrobial Activities of Methanolic Extracts of the Artemisia sp. Recovered by
Different Extraction Techniques. Biotechnology and bioengineering. Chinese Journal of

Chemical Engineering. 19(3), 2011, 504-511.



O. Diaetal. J Fundam Appl Sci. 2018, 10(3), 376-393 389

[11] Turkmen N, Sari F, Velioglu YS. Effects of extraction solvents on concentration and
antioxidant activity of black and black mate tea polyphenols determined by ferrous tartrate
and Folin-Ciocalteu methods. Food Chemistry. 99, 2006, 835-841.

[12] Dai J, Mumper RJ. Plant phenolics: extraction, analysis and their antioxidant and
anticancer properties. Molecules. 15, 2010, 7313-7352.

[13] Al-Shahib W, Marshall RM. The fruit of the date palm: its possible uses as the best food
for the future. International journal of food sciences and nutrition. 54(4), 2003, 247-259.

[14] Anna O, Rafal P. Influence of different extraction methods for the quantification of
selected flavonoids and phenolic acids from Tilia cordata in florescence. Industrial Crops and
Products. 76, 2015, 509-514.

[15] Dong Z, Gu F, Xu F, Wang Q. Comparison of four kinds of extraction techniques and
kinetics of microwave assisted extraction of vanillin fromVanilla planifolia Andrews. Food
Chemistry. 149, 2014, 54-61.

[16] Jadhav D, Rekha BN, Gogate PR, Rathod VK. Extraction of vanillin from vanilla pods: a
comparison study of conventional Soxhlet and ultrasound assisted extraction. Journal of Food
Engineering. 93, 2009, 421-426.

[17]Stalikas CD. Extraction, separation, and detection methods for phenolic acids and
flavonoids. Journal of separation science. 30(18), 2007, 3268-3295.

[18] Quispe-Candori S, Foglio MA, Rosa PTV, Meireles MAA. Obtaining b-caryophyllene
from Cordia verbenacea de Candolle by supercritical fluid extraction. The Journal of
Supercritical Fluids. 46(1), 2008, 27-32.

[19] Shivraj HN, Arti SN, Young-Soo K. Total phenolics, antioxidant, antitumor, and enzyme
inhibitory activity of Indian medicinal and aromatic plants extracted with different extraction

methods. 3 Biotech. 7:76, 2017, 1-10.
[20] Stalikas CD. Extraction, separation, and detection methods for phenolic acids and

flavonoids. J Sep Sci. 30, 2007, 3268-3295.

[21] Naima R, Dumam M, Hannache H, Sesbou A, Charrier B, Pizzi A, Charrier-El
Bouhtoury F. Comparison of the impact of different extraction methods on polyphenols yields
and tannins extracted from Moroccan Acacia mollissima barks. Industrial Crops and Products.
70, 2015, 245-252.

[22] Silva CPD, Sousa MSB, Siguemoto ES, Soares RAM, Aréas JAG. Chemical composition



O. Diaetal. J Fundam Appl Sci. 2018, 10(3), 376-393 390

and antioxidant activity of jaboba-do-cerrado (Hymenaea stigonocarpa Mart.) flour. Food
Science and Technology (Campinas.). 34(3), 2014, 597-603.

[23] Felhi S, Baccouch N, Ben Salah H, Smaoui S, Allouche N, Gharsallah N, Kadri A.
Nutritional constituents, phytochemical profiles, in vitro antioxidant and antimicrobial
properties, and gas chromatography-mass spectrometry analysis of various solvent extracts
from grape seeds (Vitis vinifera L.). Food Science and Biotechnology. 25(6), 2016a,
1537-1544.

[24] Sultana B, Anwar F, Ashraf M. Effect of extraction solvent/technique on the antioxidant
activity of selected medicinal plant extracts. Molecules. 14, 2009, 2167-80.

[25] Xie JH, Dong CJ, Nie SP, Li F, Wang ZJ, Shen MY. Extraction, chemical composition
and antioxidant activity of flavonoids from Cyclocarya paliurus (Batal.) lljinskaja leaves.
Food Chemistry. 186, 2015, 97-105.

[26] Kayini C, Paul Eanas LM, Simon MM, Jane MM. Phytochemical and antioxidant
properties of different solvent extracts of Kirkia wilmsii Tubers. Asian Pacific Journal of
Tropical Biomedicine. 6(12), 2016; 1037-1043.

[27] Antolovich M, Prenzler P, Robards K, Ryan D. Sample preparation in the determination
of phenolic compounds in fruit. Analyst. 125, 2000, 989-10009.

[28] Luthria DL, Mukhopadhyay Sinluence ofsample preparation on assay of phenolic acids
from eggplant. Journal of Agriculture and Food Chemistry. 54, 2006, 41-47.

[29] Naczk M, Shahidi F. Phenolics in cereals, fruits and vegetables: Occurrence, extraction
and analysis. Journal of Pharmaceutical and Biomedical Analysis. 41, 2006, 1523-1542.

[30] Naczk M, Shahidi F. Extraction and analysis of phenolics in food. Journal of
Chromatography A. 1054, 2004, 95-111.

[31] Hismath I, Wan Aida M, Ho CW. Optimization of extraction conditions for phenolic
compounds from (neem, Azadirachta indica) leaves. International Food Research Journal.
18(3), 2011, 931-939.

[32] Wissam Z, Bashour Ghada B, Wassim A, Warid K. Effective extraction of polyphenols
and proanthocyanidins from pomegranate’s peel .International Journal of Pharmacy and

Pharmaceutical Sciences. 4(3), 2012, 675-682.



O. Diaetal. J Fundam Appl Sci. 2018, 10(3), 376-393 391

[33] Foroogh B, Abbas FMA, Azhar ME. Antioxidant activity and phenolic content of various
date palm (Phoenix dactylifera L) fruits from Iran. Food Chemistry. 107, 2008, 1636-1641.
[34] Stojievi S, Stanisavljevi I, Velikovi D, Veljkovi V, Lazi M. Comparative screening of
antioxidant and antimicrobial activities of Sempervivum marmoreum L. extracts obtained by
various extraction techniques. J. Serb. Chem. Soc. 73 (6), 2008, 597-607.

[35] Joki¢ S, Veli¢ D, Bili¢ M, Buci¢-Koji¢ A, Plan ini¢ M, Tomas S. Modelling of the
Process of Solid-Liquid Extraction of Total Polyphenols from Soybeans. Joutnal of Food
Science. 28, 2010, 206-212.

[36] Lutz M, Henri quez C, Escobar M. Chemical composition and antioxidant properties of
mature and baby artichokes (Cynara scolymus L.), raw and cooked. J. of Food Compos. Anal.
24, 2011, 49-54.

[37] Bruneton J. Pharmacognosie-Phytochimie, Plantes Médicinales, 4 ™ editions, Paris, Tec

and Doc Lavoisier. 2009.
[38] Seigler DS, Seilheimer S, Keesy J, Huang, HF. Tannins from four common Acacia

species of Texas and Northeastern Mexico. Economic botany. 40 (2), 1986, 220-232.

[39] Guo C, Yang J, Wei J, Li Y, Xu J, Jiang Y. Antioxidant activities of peel, pulp and seed
fractions of common fruits as determined by FRAP assay. Nutrition Research. 23, 2003,
1719-1726.

[40] Saha S, Barua B, Sikdar D. Phytochemical screening, phenolic content and antioxidant
activity of wild date palm (Phoenix sylvestris Roxb.) fruit extracted with different solvents.
International Food Research Journal. 24(6), 2017, 2534-2542.

[41] Upadhyay NK, Yogendra Kumar MS, Gupta A. Antioxidant, cytoprotective and
antibacterial effects of Sea buckthorn (Hippophae rhamnoides L.) leaves. Food Chemical
Toxicology. 48, 2010, 3443-3448.

[42] Kaur G, Arora DS. Antibacterial and phytochemical screening of Anythum graveolens,
Foeniculum vulgare and Trachyspermum ammi. BMC Complementary Alternative. Medicine.
9, 2009, 30-39.

[43] Klanckin A, Guzy B, Kolar MH, Abramovic H, Mozina SS. In vitro antimicrobial and

antioxidant activity of commercial rosemary extract formulation. Journal of Food Protection.



O. Diaetal. J Fundam Appl Sci. 2018, 10(3), 376-393 392

72,2009, 1744-1752.
[44] Annegowda HV, Bhat R, Tze LM, Karim AA, Mansor SM. The free radical scavenging

and antioxidant activities of pod and seed extract of Clitoria fairchildiana (Howard) - an
underutilized legume. Journal of Food Science and Technology. 50, 2011, 535-41.

[45] Sahreen S, Khan MR, Khan RA. Evaluation of antioxidant activities of various solvent
extracts of Carissa opaca fruits. Food Chemistry. 122, 2010, 1205-1211.

[46] Zhou K, Yu L. Effects of extraction solvent on wheat bran antioxidant activity estimation.
LWT — Journal of Food Science and Technology. 37, 2004, 717-721.

[47] Al-Farsi M, Alasalvar C, Morris A, Barron M, Shahidi F. Comparison of antioxidant
activity, anthocyanins, carotenoids, and phenolics of three native fresh and sun-dried date
(Phoenix dactylifera L.). J. Agric. Food Chem. 53, 2005b, 7592—7599.

[48] Liu SC, Lin JT, Wang CK, Chen HY, Yang DJ. Antioxidant properties of various solvent
extracts from lychee (Litchi chinenesis Sonn.) flowers. Food Chemistry. 114, 2009, 577-581.
[49] Wen XB, Miao F, Zhou L, Zhang M, He QL. In vitro antioxidant activity of Parnassia
wightiana W. extracts. Chinese Journal of Natural Medicines. 10(3), 2012, 0190-0195.

[50] Sahu RK, Kar M, Routray R. DPPH free radical scavenging activity of some leaf
vegetables used by Tribals of Ddisha, India. Journal of Medicinal Plants Studies. 1(4), 2013,
21-27.

[51] Mohamed DA, AIl-Okbi SY. In vitro evaluation of antioxidant activity of different
extracts of Phoenix dactylifera L. fruits as functional foods. Deut. Lebensm.Rundsch. 101,
2005, 305-308.

[52] Sasipawan M, Natthida W, Sahapat B. Anticancer effect of the extracts from Polyalthia
evecta against human hepatoma cell line (HepG2). Asian Pacific Journal of Tropical
Biomedicine. 2012, 368-374.

[53] Liu S, Sun J, Yu L, Zhang C, Bi J, Zhu F, Qu M, Yang Q. Antioxidant activity and
phenolic compounds of Holotrichia parallela Motschulsky extracts. Food Chemistry. 134,
2012, 1885-1891.

[54] Yogita C, Rekha S, Singhal. Ultrasound-assisted extraction (UAE) of bioactive from
arecanut (Areca catech L.) and optimization study using response surface methodology.

Innovative Food Science and Emerging Technologies. 17, 2013, 106-113.



O. Diaetal. J Fundam Appl Sci. 2018, 10(3), 376-393 393

[55] Slinkard K, Singleton VL. Total phenol analyses: automation and comparison with
manual methods. Am. J. Enol. Viticult. 28, 1977, 49-55.

[56] Mbaebie BO, Edeoga HO, Afolayan AJ. Phytochemical analysis and antioxidants
activities of aqueous stem bark extract of Schotia latifolia Jacq. Asian Pacific Journal of
Tropical Biomedicine. 2012, 118-124.

[57] Thomas M, Emilie D, Gaétan LF, Marie EL, Claire E. Antimicrobial, antioxidant and
phytochemical investigations of sea buckthorn (Hippophaé rhamnoides L.) leaf, stem, root
and seed. Food Chemistry. 131, 2012, 754-760.

[58] Wissal K, Fatma A, Christophe B, Hamadi A, Souhail B. Effects of extraction solvents on
phenolic contents and antioxidant activities of Tunisian date varieties (Phoenix dactylifera L.).
Industrial Crops and Products. 45, 2013, 262—2609.

[59] Durre S, Muhammad AR. Antioxidant potential of phenolic extracts of Mimusops elengi.
Asian Pacific. Journal of Tropical Biomedicine. 2(7), 2012, 547-550.

[60] Brand-Williams W, Cuvelier ME, Berset C. Use of a free radical method to evaluate
antioxidant activity. LWT. 28, 1995, 25-30.

[61] Rivero-Pérez MD, Muniz P, Gonzalez-Sanjosé ML. The contribution of anthocyanin
fraction to the antioxidant properties of wine. Food and Chemical Toxicology. 46, 2008,
2815-2822.

[62] Tevfik O. Antioxidant activity of wild edible plants in the Black Sea Region of Turkey.
International Journal of Fats and Oils. 61, 2010, 86-94.

How to cite this article:

Dia O, Ouahrani MR, Laouini SE. Solvent and techniques extraction influence on
phytochemical profile and free radicals inhibition of pheonix dactylifera I. J. Fundam. Appl.
Sci., 2018, 10(3), 376-393.




