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Abstract

Objectives: This study aimed to evaluate the antioxidant

activity and to quantify the phenolic compounds by

colorimetric and High Performance Liquid Chromatog-

raphy (HPLC) analytical methods of four dates palm

varieties cultivated in Oman.

Methods: The sun-dried mature fruits (Tamer stage) of

Bunarinja, Khasab, Fard and Khalas date cultivars were

collected from Al-Dakhiliya and Al-Sharqiya regions,

Oman at the beginning of the 2013 harvest season. The

antioxidant activities of date fruits were investigated by

1,1 diphenyl-2-picrylhydrazyl (DPPH) free radical scav-

enging method. Folin-Ciocalteau colorimetric and HPLC

methods were used to determine the total phenolic con-

tent (TPC) and to quantify the phenolic acids, respec-

tively in the hydroalcoholic date fruit extracts.

Results: A preliminary HPLC analysis of the date fruits

showed the presence of phenolic acids like Gallic acid,

Vanillic acid, Caffeic acid, p-Coumaric and Syringic acid

in different proportions. The TPC of all four varieties

ranged from 32.24 mg to 35.84 mg Caffeic acid equiva-

lents/100 g of fresh weight. All varieties exhibited signif-

icant free radical scavenging activity (28.78e70.62%) in a

concentration dependent manner.

Conclusion: The present study confirms that Omani dates

are a rich source of phenolic compounds and posses good

antioxidant properties. HPLC also revealed theGallic acid

as the predominant phenolic acid in all date cultivars.
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Introduction

Phoenix dactylifera L. commonly known as date palm is
one of the oldest and most popular fruit trees in the hot arid

regions of the world, particularly in the Gulf countries of the
Middle East.1 Date fruits are a good source of essential
nutrients, including sugars, proteins, fibers, trace elements,

etc., and form an important part of the daily diet.2 They
are also popular in other parts of the world due to their
delicious taste, nutritional value and health benefits.

Although ripe and mature sun dried dates are consumed
throughout the year, but during the holy month of
Ramadan their consumption increases many folds as most
of the Muslims break their fast with dates.3 It is considered

to be an important subsistence crop in dry and semi dry
regions of the world due to its socioeconomic and
traditional importance.4,5

Based on the traditional Arabic practice and accepted
international terminology, dates are classified into five stages
viz. Hababouk (first stage which lasts for 4e5 weeks post

fertilization), Kimri (green stage, lasts for 9e14 weeks),
Khalal (color stage), Rutab (soft ripe stage) and Tamar (full
ripe stage).6 Dates are available in different shape and size.

The ripe dates are; oval-cylindrical in shape, usually 3e
7 cm long, 2e3 cm diameter and bright red to bright yellow
in color depending on the variety. Dates contain a seed (pit)
which is about 2e2.5 cm long and 6e8 mm thick and is

approximately 13e15% of date’s weight.7 However, fruit
quality is influenced by many factors such as size, color,
texture, cleanliness, freedom from defects and the effects of

decay-causing pathogens.8,9

Dry dates contain approximately 70% of carbohydrates
in the form of simple sugars that makes them high energy

food. In addition to the macromolecules and other essential
micronutrients, phytochemicals like flavonoids, carotenoids,
phenolic acids, sterols, procyanidins, and anthocyanins are
also present in the dates.6 Because of these antioxidant

phytoconstituents, dates are used in traditional system of
medicine for the treatment of hypertension, atherosclerosis,
microbial infections, constipation, diabetes and cancer.10

Consumption of dates on a regular basis is even considered
to be beneficial in increasing sexual stamina, reducing
sterility caused by various sexual disorders, decreasing

fatigue and sluggishness in anemic patients.11,12

P. dactylifera L. is the main crop in Oman and represents
82%of all fruit crops grown in the country.13 Oman produces

about 270,000 metric tons of date fruits annually and is
world’s eighth largest producer.14 Apart from boosting the
economy, dates are an integral part of Omani diet and are
consumed either fresh or sun-dried along with Arabic tea or

coffee. But a high degree of biodiversity has been reported
among various date varieties grown in different parts of the
Sultanate.13 The antioxidant activity of medicinal plants is

attributed to their phenolic content. Ripe date fruits also
contain numerous phenolic phytoconstituents like p-
Coumaric, Ferulic and Sinapic acids and some Cinnamic

acid derivatives15 but their composition can vary from
cultivar to cultivar depending on soil conditions and
agronomic practices.16 Previously published data have

shown a strong correlation between the antioxidant activity
and the total phenolic contents of date fruits.17

It is, therefore, of great interest to determine the total
phenolic content (TPC), quantify the phenolic acids, compare

and correlate the antioxidant activitywith phenolic content of
four commonly consumed date varieties viz. Bunarinja,
Khasab, Fard and Khalas native to Sultanate of Oman.

Materials and Methods

Chemicals and reagents

Gallic acid, Caffeic acid, p-Coumaric acid, Vanillic acid,
Syringic acid (Figure 1), DPPH, Sodium carbonate, Foline
Ciocalteu’s reagent and methanol were purchased from
SigmaeAldrich, USA. All other chemicals and reagent
used were obtained locally and were of high purity.

Sample collection

Four different varieties of P. dactylifera L. namely Far-
adh, Khasab, Bunarinja and Khasab were purchased from
the local market of Al- Dakhilya and Al-Sharqiya regions of

Oman at the beginning of the 2013 harvest season. Palm
dates fruits of uniform size, free of physical damage and
injury from insects and fungal infections were selected and
used for all experiments. Samples were washed with tap

water and the pits were removed by hand for preparation of
50% hydro-alcoholic extract.

Preparation of extract

50g of each date fruit pulp was mixed with 200 mL of the

50% ethanol. The extraction was carried out at 80 �C for
about 60 min, and then the extract was filtered through
muslin cloth to get 150 mL of extract. This was centrifuged at

4000� g for 30 min. Double filtration was done to get a clear
100 mL of supernatant from each sample and then concen-
trated by heating on a water bath to obtain a viscous syrupy

mass. The extract was kept in dark glass bottles and stored
at �18 �C until further use.

Physical properties

10 dates from each varietywere randomly selected andwere

individually weighed using an analytical balance. The date pit
was removed and it was re-weighed again. The average weight
of date fruit, fruit pulp, date pit, fruit flesh percentage, total no

of fruits/kg and pulp/pit ratio were calculated.
Other physical properties investigated include size, color,

sugar migration and consistency of flesh. Photos were taken
using canon 5D Mark III to report the appearance. The

sugar migration indicates the quality of the date.

http://creativecommons.org/licenses/by-nc-nd/4.�0/
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Figure 1: Chemical structure of phenolic acids.
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Determination of moisture content

5 g date pulp was accurately weighed and dried to a
constant mass in Memmert Cooled Vacuum Oven at 70 �C
and 415 mbar for 30 min. The sample was reweighed after

30 min and moisture content was calculated and expressed as
percentage moisture content of the fresh weight.

%MoistureContent¼ ðInitialWeight�OvenDryWeightÞ
InitialWeight

�100
Determination of total phenols by (Folin-Ciocalteau

reagent) colorimetric method

The total phenolic content (TPC) was measured ac-
cording to the reported method of Al-Farsi et al.3 using a
UV-Visible spectrophotometer (UV Analyst- CT 8200)

and Folin Ciocalteau reagent. The calibration curve of
standard reference Caffeic acid was constructed using
concentration in the range of 4e64 mg/mL. The TPC were

calculated using linear regression equation obtained from
the standard plot of Caffeic acid. The content of total
phenolic compounds was calculated as mean � SD (n ¼ 3)
and expressed as mg of Caffeic acid equivalent (CAE) in

100 gm fresh weight.
Determination of antioxidant activity

The free radical scavenging activity of different concen-
tration of date extracts (0.5e10 mg/mL) was determined us-

ing 1,1-diphenyl-2-picrylhydrazyl (DPPH) as per the
reported method.18 The IC50 value (concentration of sample
required to scavenge 50% of the DPPH free radical) was
determined from the curve of percent inhibition plotted

against the respective concentration.
Chromatographic determination of individual phenolic acids

HPLC analysis to quantify the individual phenolic acids
was carried on Waters 2690 HPLC Separations modules,
Waters 2996 photodiode array detector, Waters Nova-Pak

C18 Cartridge reverse phase column (spherical silica parti-
cle size 4 mm, 3.9 mm i.d.� 150 mm length.) at 40 �C.Mobile
phase consisted of 0.1% (v/v) formic acid in water (eluent A)

and acetonitrile (eluent B). Gradient system was used with a
total run time of 90 min and flow rate was adjusted to
0.5 mL/min. The injection volume was 10 mL. Photodiode
array absorption spectrum was scanned in the range of 200e
500 nm. Standard solutions of Gallic acid, Vanillic acid,
Caffeic acid, Syringic acid and p-Coumaric acid (Figure 1)
were prepared in methanol. Calibration standard samples

were prepared at a concentration of 10 ppm from stock.
Concentrations of the phenolic compounds in samples were
determined by Waters HPLC application pack.

Data analysis

The results are expressed as mean � SD. The obtained

data were statistically analyzed by SPSS (Ver. 19) using one
way of analysis of variance (ANOVA) and significance of
difference between means of tested parameters was carried

out using Turkey Post hoc test. A p-value less than 0.05 were
considered statistically significant.

Results

Physical characteristics and % moisture content

The physical characteristic data of four Omani date va-

rieties presented in Table 1 revealed that significant
differences (p < 0.05) exist between varieties for almost all
the physical parameters studied. Total number of fruits/kg
in date varieties range from 139 to 215. Khasab and

Khalas dates were found to contain the highest and lowest



Table 1: Physical characteristic of date fruits.

Date variety Fruits

No/Kg

Average weight in g (mean � SD) Flesh/pit

ratio

Fruit flesh

%
Fruit Flesh Pit

Bunarinja 147a 6.836a � 0.7 6.25a � 0.80 0.576a � 0.17 10.85 91.43

Fard 172b 5.824a,c � 0.87 5.347a � 0.81 0.477a,b � 0.10 11.21 91.81

Khalas 215c 4.663a � 0.97 3.979b � 0.91 0.684a � 0.12 5.81 85.33

Khasab 139a 7.226b � 0.78 6.628c � 0.67 0.599a,c � 0.13 11.06 91.72

Means within a column with no common letter differ significantly (p < 0.05).
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number of fruits/kg respectively, therefore, mean weights of

fruit and flesh were also highest (7.226 g and 6.628 g) for
Khasab date. Similarly Khalas date had the lowest fruit
and flesh weights (4.663 g and 3.979 g) but similar

relationship was not observed between the two cultivars for
average pit weights. Also no statistically significant
difference in mean pit weights was found unlike a number

of fruits, fruit and flesh weight respectively. It was expected
that Khalas being lighter and smaller in size (215 fruits/kg)
will have the lowest pit weight (0.684 g) but contrary to
this Fard had the lowest pit weight (0.477 g). It was

interesting to note that no significant difference was found
in mean pit weights of Bunarinja, Fard, Khasab and
Khalas but Khasab and Fard differed significantly. The

flesh and pit weight (3.979 g and 0.576 g) of Bunarinja
date, the lowest quality variety among all, was very similar
to Khasab date (6.628 g and 0.599 g respectively), a

superior variety.
The percentage of fruit flesh in date varieties ranged from

85.33 to 91.81% and Khalas date was found to have the
lowest edible portion (85.33%) with respect to other three

varieties. The highest fruit flesh was found in Fard (91.81%).
Conversely, the waste part i.e. seed or pit constituted
approximately 8.5% in Bunarinja, Fard and Khasab while in

Khalas it was 14.66%. Consequently, the flesh/pit ratio
varied from 5.81 to 11.21. It could be noted from Table 1,
Khalas had the lowest ratio (5.81) and Fard exhibited the

highest flesh/pit ratio (11.21) followed by Khasab (11.06)
and Bunarinja (10.85).

As it can be observed from Table 2, that all date varieties

differ in their physical appearance such as color, dimensions
and % moisture content. Bunarinja, the inferior quality of
date was brown to black in color and showed clear
migration of sugar to flesh. However, the two superior

varieties, Khalas and Khasab did not show any sugar
migration and were of golden brown and black color
respectively. The flesh of Bunarinja and Khalas date fruit

was soft in touch while it was a bit hard for Fard and
Khasab. Fard was dark brown in color and showed little
Table 2: Physical appearance and % moisture content of date fruits

Date variety Color Dimensions (cm) Sugar m

Length Width

Bunarinja Brown to black 2.60 1.90 Yes

Fard Dark brown 3.30 2.10 Little

Khalas Golden brown 2.50 1.80 No

Khasab Black 3.30 2.50 No
sugar migration to the flesh. Khalas had the lowest length

and width while Khasab had the highest. This variation in
physical properties and composition of date varieties
occurs due to genetic variations, environmental and growth

conditions.
The percentage moisture content of date fruits determined

by oven drying method was found to be within the permis-

sible limits. The moisture content ranged from 2.948 to
5.008%. The highest content was observed in Khasab and
the lowest content in Fard respectively (Table 2).

Total phenolic content

The total content of phenolic compounds in date cultivars
is expressed as mg of Caffeic acid equivalent in 100 g fresh

weight and is presented in Table 3. An equation of the line
(y ¼ 0.0133x � 0.0133, R2 ¼ 0.9925) obtained from the
constructed plot of standard Caffeic acid (Figure 2) was
used to calculate the TPC of date varieties. All cultivars

showed little variation in phenolic content (32.24e
35.84 mg CAE/100 g), however Khasab date (35.84 mg)
had the highest amount of phenolic compounds followed

by Bunarinja (34.90 mg) Fard (34.58 mg) and Khalas
(32.24 mg). ANOVA followed by Turkey Post hoc test
revealed significant differences (p < 0.05) in phenolic

content between Khalas and other date varieties (Table 3).

In vitro antioxidant activity

The antioxidant activity of four date varieties at four

different concentrations (0.5e10 mg/mL) was investigated by
commonly used DPPH radical scavenging method. The
scavenging effect of hydroalcoholic date extracts on the

DPPH is expressed as% inhibition. All date varieties showed
dose dependent scavenging activity of DPPH. No statisti-
cally significant difference in antioxidant activities was

observed among the four varieties at concentrations of 2.5
and 10 mg/ml. The highest percentage inhibition of DPPH
radicals was shown by Khalas date (70.62%) followed by
.

igration to flesh Consistency of flesh % Moisture content

Soft/attached 3.408

Hard/strewing 2.948

Soft/attached 4.005

Hard/strewing 5.008



Table 3: Total phenolic content in four date cultivars.

Date variety Total phenolics

(mg of Caffeic acid equivalent/100 gm fresh wt)

Bunarinja 34.90 � 0.15a

Fard 34.58 � 0.20a

Khasab 35.84 � 0.04a

Khalas 32.24 � 0.21b

Total phenol as Caffeic acid equivalent (CAE) is expressed as

Mean � SD, n ¼ 3; Means within a column with no common

letter differ significantly (p < 0.05).
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Bunarinja, Khasab and Fard. The IC50 value (in ug/mL)

of the dates was found to in the order
Bunarinja > Fard > Khasab > Khalas (Table 4). It was
interesting to note that IC50 value of Bunarinja (0.875 ug/
mL) was approximately half of Fard (1.717 ug/mL) and

three times lower than Khasab (2.436 ug/mL) or Khalas
(2.461 ug/mL) dates.

% inhibition ¼AbsorbanceðcontrolÞ
�AbsorbanceðtestÞ=AbsorbanceðcontrolÞ�100

Individual phenolic acid content by liquid chromatography
(HPLC)

The content of individual standard phenolic acids viz.

Gallic acid, p-Coumaric acid, Caffeic acid, Vanillic acid and
Syringic acid in date varieties were quantified by RP-HPLC
method and are presented in Table 5. The retention time of

the standard acids at 280 nm ranged from 4.026 to
17.578 min (Figure 3) and was in the following order
Syringic acid > Vanillic acid > Caffeic acid > p-Coumaric

acid > Gallic acid. It was observed that Gallic acid and
Syringic acid were present in all the four varieties in
different concentrations but Gallic acid was found to be

the predominant phenolic acid of dates. The concentration
of Gallic acid was noted to be highest in Bunarinja and
lowest in Khasab (19.14 and 7 mg/100 gm of date flesh
respectively). Syringic acid content of Khasab and

Burnainja was almost similar (0.35 and 0.37 mg/100 gm of
date flesh) while it was 0.49 mg/100 gm of date flesh in
Fard. Caffeic acid and Vanillic acid were present in three
Figure 2: Standard cur
varieties each and were absent in Bunarinja and Khasab
respectively. However, p-Coumaric acid was detected in

only one variety i.e. Khasab at 280 nm with a retention
time of 6.285 min. The total content of individual phenolic
acids was greatest in Bunarinja because of its high content

of Gallic acid. Though Khasab is a premium quality date
which also showed the presence of four phenolic acids
including p-Coumaric acid but its total phenolic content

was found to be the lowest (Table 5).

Discussion

The physical properties of dates vary greatly from one
cultivar to another mainly due to genetic variations and
different environmental and growth conditions. In Oman,

qualities of dates are characterized according to their
physical sensory characteristics, usage and prices.19 Khalas,
Khasab and Burnarinja are considered as premium,
moderate and inferior quality dates respectively because of

their difference in pricing and sensory characteristics. Fard
is generally used for processing purposes in industry. In
general, good quality date varieties have high flesh % and

fruit/pit ratio. Though Khalas is a premium quality date
but it showed the lowest total pulp and a flesh/pit ratio.
The fruit/pit ratio for all varieties was found to be lower

than the ‘Khudari variety of Kingdom of Saudi Arabia
and higher than the most of the commonly used Tunisian
and Algerian dates.20e22 Another commonly used criterion
to judge the quality of date is to observe the sugar

migration on the surface of date. Khalas and Khasab
being the better quality dates showed no sugar migration
on their surfaces. Low moisture content is desirable in

dried dates because it makes the date extremely resistant
to fungal spoilage. The % moisture content in all four
varieties was different from those reported by Al Farsi

et al.19 and were significantly lower than the commonly
used Tunisian and Moroccan cultivars.22,23 This difference
could probably be due to seasonal variations and storage

conditions in cultivars.
The total phenolic content of dates expressed as Caffeic

acid equivalent ranged from 32.24 to 35.84 mg/100g. The
slight variation between samples could be due to date variety

or because of difference in cultivation time, harvesting time,
sun drying time, etc. The phenolic content of Tamar or sun-
dried dates is usually higher due to degradation of tannins by
ve of Caffeic acid.



Table 5: Contents of individual phenolic acids (mg/100 g of

date flesh) determined by HPLC.

Date variety Retention

time (min)

Bunarinja Faradh Khasab Khalas

Gallic acid 4.026 19.14 15.50 7.00 13.05

p-Coumaric

acid

6.285 e e 1.67 e

Caffeic acid 9.786 e 1.75 0.34 1.32

Vanillic acid 14.452 0.23 0.27 e 0.18

Syringic acid 17.578 0.37 0.49 0.35 0.25

Table 4: Percentage inhibition of DPPH free radical by date extracts.

Concentration

mg/ml

Bunarinja Fard Khasab Khalas

0.5 43.03a � 0.6 40.06a � 0.47 32.94b � 1.1 26.71b � 2.6

1.0 52.3a � 0.38 43.03b � 2.1 46.29a,b� 0.9 28.78c � 3.1

2.5 55.49a � 1.6 56.97a � 1.3 51.63a � 2.1 51.34a � 1.1

10 64.68a � 1.3 58.49a � 0.33 62.61a � 0.7 70.62a � 2.9

IC50 0.875 1.717 2.436 2.461

Means within a row with no common letter differ significantly (p < 0.05).

Figure 3: HPLC chromatogram of standard phenolic acids

mixture of concentration 10 ppm at 280 nm.
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temperature and maturation enzymes during drying.18 Total
phenolic content as Caffeic acid equivalent of Khalas,

Khasab and Fard in the present study is found to be much
lower than the previous study which used Ferulic acid or
Gallic acid as standard phenolic acids for

quantification.3,24 However, phenolic content of studied
date cultivars was higher than the Algerian dates which
varied from 2.49 to 8.36 of GAE/100 g fresh weight.18

Phenolic compounds are reported to possess diverse
pharmacological actions; therefore, the beneficial biological
effects of date could be attributed to their high phenolic

content.25

1,1 diphenyl picrylhydrazine (DPPH) is a stable organic
free radical whose reduction capability is measured at
517 nm absorbance. All dates significantly reduced the con-

centration of DPPH free radical in a concentration
dependent manner. This is in agreement with the reported
results which also showed concentration dependant activ-
ity.26 However, similar to the finding of Khanavi et al.,
[2009]27, no correlation was observed in the TPC and

antioxidant activity of the date extracts. This clearly
indicates that phenols are not the only phytochemicals
responsible for antioxidant activity in date, there might be

some other non phenolic constituents present that are
exhibiting antioxidant activity in dates.

Five commonly found phenolic acids viz. Gallic acid, p-

Coumaric acid, Caffeic acid, Vanillic acid and Syringic acid
in date cultivars were quantified with the help of HPLC.
Reverse phase-liquid chromatography is a commonly used

chromatographic technique for qualitative and quantitative
analyses of phytochemicals especially phenolic compounds.
It is also considered to be the most convenient method due
to high sensitivity and resolution as compared to classical

methods.28 We found Gallic acid and Syringic acid to be the
major and minor phenolic acids present in all the four
varieties while p-Coumaric acid is detected only in Khasab

variety. In contrast, Al-Farsi et al.3 reported that Ferulic
acid was the major phenolic acid in date cultivars from
Oman. Gallic acid content of Fardh and Khalas as

reported by Farsi et al.,3 was much lower than our study.
Also they did not detect Gallic acid in Khasab variety and
Syringic acid in Khasab and Khalas cultivars. Caffeic acid
content of Ajwa, Sukkari and Khalas varieties grown in

Kingdom of Saudi Arabia was also reported to be lower
than the Omani varieties.1 The content of Gallic acid in
Omani date compared to Algerian date was also found to

be much higher.2 The variation could be because of a
difference in cultivation time, harvesting time, sun drying
time, geographical conditions and other environmental

factors related to date cultivars.
Conclusion

The presented data in this study confirm that Omani date

fruits can be considered a rich source of antioxidant; this
property is generally associated with the presence of phenols
such as Gallic acid. HPLC also confirmed that Gallic acid is

the predominant phenolic acid in all the four Omani culti-
vars. The quality of dates doesn’t determine the antioxidant
power of the date variety. We found that lower quality dates

are just as good as the premium quality dates in exhibiting
antioxidant activity or in total phenolic content. Therefore,
we conclude that Omani dates have the potential to be used
as nutraceutical or as an alternative source of natural

antioxidant.



Phenolic content and antioxidant activity of four Omani date varieties352
Conflict of interest

Authors declare no conflict of interest.

Authors’ contribution

S.S. Al-Harthy and A. Mavazhe: Carried out the litera-
ture survey, designed the research protocol under the guid-

ance of and in conjunction with the other authors. Performed
the experiment with help and supervision of other authors.
H Al-Mahroqi: Helped in HPLC analysis, Data analysis

and review of manuscript. S.A. Khan: Intellectual input,
supervision designing and preparation of research protocol,
data analysis, manuscript preparation. Edited and finally

reviewed the manuscript.

Acknowledgment

The authors are grateful to Dean, Associate Dean and
Pharmacy Head of Oman Medical College for providing
infrastructure and necessary research facilities.
References
1. Saleh EA, Tawfik MS, Abu-Tarboush HM. Phenolic contents

and antioxidant activity of various date palm (Phoenix dacty-

lifera L.) fruits from Saudi Arabia. Food Nutr Sci 2011; 2:

1134e1141.
2. Benmeddour Z, Mehinagic E, Le Meurlay D, Louaileche H.

Phenolic composition and antioxidant capacities of ten Algerian

date (Phoenix dactylifera L.) cultivars: a comparative study.

J Funct Foods 2013; 5: 346e354.

3. Al-Farsi M, Alasalvar C, Morris A, Baron M, Shahidi F.

Comparison of antioxidant activity, anthocyanins, carotenoids,

and phenolics of three native fresh and sun-dried date (Phoenix

dactylifera L.) varieties grown in Oman. J Agric Food Chem

2005; 53: 7592e7599.

4. Chandrasekaran M, Bahkali AH. Valorization of date palm

(Phoenix dactylifera) fruit processing by-products and wastes

using bioprocess technology e Review. Saudi J Biological Sci

2013; 20: 105e120.

5. Jain SM, Al-Khayri JM, Johnson DV. Date palm biotechnology.

1st ed. New York: Springer; 2011.

6. Baliga MS, Baligab BRV, Kandathilc SM, Bhatd HP,

Vayalile PK. A review of the chemistry and pharmacology of

the date fruits (Phoenix dactylifera L.). Food Res Inter 2011; 44:

1812e1822.
7. Hussein AS, Alhadrami GA, Khalil YH. The use of dates and

date pits in broiler starter and finisher diets. Bioresour Technol

1998; 66: 219e223.

8. Chao CT, Krueger RR. The date palm (Phoenix dactylifera L.):

overview of biology, uses, and cultivation. Hort Sci 2007; 42(5):

1077e1082.

9. Ashraf Z, Hamidi-Esfahani Z. Date and date processing: a re-

view. Food Rev Int 2011; 27(2): 101e133.

10. Tahraoui A, El-Hilaly J, Israili ZH, Lyoussi B. Ethno-

pharmacological survey of plants used in the traditional treat-

ment of hypertension and diabetes in south-eastern Morocco

(Errachidia province). J Ethnopharmacol 2007; 110: 105e117.
11. Selvam ABD. Inventory of vegetable crude drug samples

housed in botanical survey of India, Howrah. Pharmacogn Rev

2008; 2: 61e94.

12. Vayalil PK. Date fruits (Phoenix dactylifera Linn): an emerging.

medicinal food. Crit Rev Food Sci Nutr 2012; 52: 249e271.

13. Al-Yahyai R, Al-Khanjari S. Biodiversity of date palm in the

Sultanate of Oman. Afr J Agri Res 2008; 3(6): 389e395.
14. Agricultural Census. Ministry of agriculture and fisheries.

Muscat: Oman; 2012.

15. Abdelhak M, Guendez E, Eugene K, Panagiotis K. Phenolic

profile and antioxidant activity of the Algerian ripe date palm

fruit (Phoenix dactylifera). Food Chem 2005; 89: 411e420.

16. Al-Farsi M, Alasalvar C, Al-Abid M, Al-Shoaily K, Al-

Amry M, Al-Rawahy F. Compositional and functional char-

acteristics of dates, syrups, and their by-products. Food Chem

2007; 104: 943e947.

17. Bilgari F, Alkarkhi AFM, Easa AM. Antioxidant activity and

phenolic content of various date palm (Phoenix dactylifera)

fruits from Iran. Food Chem 2008; 107: 1636e1641.

18. Mansouri A, Embarek G, Kokkalou E, Kefalas P. Phenolic

profile and antioxidant activity of the Algerian ripe date palm

fruit (Phoenix dactylifera). Food Chem 2005; 89(3): 411e420.

19. Al Farsi M, Alasalvar C, Morris A, Baron M, Shahidi F.

Compositional and sensory characteristics of three native sun

dried date (Phoenix dactylifera L.) varieties grown in Oman.

J Agri. Food Chem 2005; 53: 7586e7591.

20. Sawaya WN, Khalil JK, Safi WM, Al-Shalat A. Physical and

chemical characterization of three Saudi date cultivars at

various stages of development. Can Inst Food Sci Technol J

1983; 16(2): 87e93.

21. Chibane H, Benamara S, Noui Y, Djouab A. Some physico-

chemical and morphological characterizations of three varieties

of Algerian common dates. Eur J Sci Res 2007; 18(1): 134e140.

22. Amira EA, Guido F, Behija SE, Manel I, Nesrine Z, Ali F, et al.

Chemical and aroma volatile compositions of date palm

(Phoenix dactylifera L.) fruits at three maturation stage. Food

Chem 2011; 127: 1744e1754.

23. Hasnaoui A, Elhoumaizi MA, Hakkou A, Wathelet B,

Sindic M. Physicochemical characterization, classification and

quality evaluation of date palm fruits of some Moroccan cul-

tivars. J Sci Res 2011; 3(1): 139e149.

24. Wu X, Beecher GR, Holden JM, Haytowitz DB, Gebhardt SE,

Prior RL. Lipophilic and hydrophilic antioxidant capacities of

common foods in the United State. J Agri Food Chem 2004;

52(12): 4026e4037.

25. Al-Hakmani F, Kumar S, Khan SA. Estimation of total

phenolic content, in-vitro antioxidant and anti-inflammatory

activity of Moringa oleifera. Asian Pac J Trop Biomed 2013;

3(8): 623e627.

26. Kchaou W, Abbes F, Attia H, Besbes S. In vitro antioxidant

activities of three selected dates from Tunisia (Phoenix dacty-

lifera L.). J Chem 2014; 2014: 8. http://dx.doi.org/10.1155/2014/

367681. Article ID 367681.

27. Khanavi M, Saghari Z, Mohammadirad A, Khademi R,

Hadjiakhoondi A, Abdollahi M. Comparison of antioxidant

activity and total phenols of some date varieties. DARU 2009;

17(2): 104e108.

28. Plazonic A, Bucar F, Males Z, Mornar A, Nigovic B,

Kujundzic N. Identification and quantification of flavonoids

and phenolic acids in burr parsley (Caucalis platycarpos L.),

using high performance liquid chromatography with diode

array detection and electrospray ionization mass spectrometry.

Molecules 2009; 14: 2466e2490.

http://refhub.elsevier.com/S1658-3612(15)00005-0/sref1
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref1
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref1
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref1
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref1
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref2
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref2
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref2
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref2
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref2
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref3
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref3
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref3
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref3
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref3
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref3
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref4
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref4
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref4
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref4
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref4
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref4
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref5
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref5
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref6
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref6
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref6
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref6
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref6
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref7
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref7
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref7
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref7
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref8
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref8
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref8
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref8
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref9
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref9
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref9
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref10
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref10
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref10
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref10
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref10
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref11
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref11
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref11
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref11
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref12
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref12
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref12
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref13
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref13
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref13
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref14
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref14
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref15
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref15
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref15
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref15
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref16
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref16
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref16
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref16
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref16
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref17
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref17
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref17
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref17
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref18
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref18
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref18
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref18
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref19
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref19
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref19
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref19
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref19
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref20
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref20
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref20
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref20
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref20
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref21
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref21
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref21
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref21
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref22
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref22
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref22
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref22
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref22
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref23
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref23
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref23
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref23
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref23
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref24
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref24
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref24
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref24
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref24
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref25
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref25
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref25
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref25
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref25
http://dx.doi.org/10.1155/2014/367681
http://dx.doi.org/10.1155/2014/367681
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref27
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref27
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref27
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref27
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref27
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref28
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref28
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref28
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref28
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref28
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref28
http://refhub.elsevier.com/S1658-3612(15)00005-0/sref28

	Quantification of phenolic compounds, evaluation of physicochemical properties and antioxidant activity of four date (Phoen ...
	Introduction
	Materials and Methods
	Chemicals and reagents
	Sample collection
	Preparation of extract
	Physical properties
	Determination of moisture content
	Determination of total phenols by (Folin-Ciocalteau reagent) colorimetric method
	Determination of antioxidant activity
	Chromatographic determination of individual phenolic acids
	Data analysis

	Results
	Physical characteristics and % moisture content
	Total phenolic content
	In vitro antioxidant activity
	Individual phenolic acid content by liquid chromatography (HPLC)

	Discussion
	Conclusion
	Conflict of interest
	Authors' contribution
	Acknowledgment
	References


