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Abstract Supercritical fluid extraction (SFE) was utilized
for the first time to extract phenolics in date seeds.
Orthogonal array design (OA9 (34)) was applied to
optimize extraction variables including extraction tem-
perature, extraction pressure, extraction time, and num-
ber of extraction. Optimum values of extraction
variables were analyzed and number of extractions was
found to have a significant effect on total phenolics
content (TPC). Optimal SFE conditions for maximum
yield of TPC were 50 °C, 350 bar, and two repeated
extractions, each for 2 h. Under optimal condition, the
TPC was increased to 441.57 mg gallic acid equiva-
lents/100 g fresh weight. Several phenolic compounds
were detected in date seeds including chlorogenic acid,
rutin, ellagic acid, quercetin, and two unidentified
compounds of phenolic acids. In addition, phenolics
of date seeds showed a higher antioxidant activity than
ascorbic acid at the same concentration in the range of
1.0–8.0 mg/L.
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Introduction

Dates are a popular kind of fruit among many nations around
the world. The fruit is composed of a fleshy pericarp and seed
which constitutes between 10 and 15 % of date fruit weight
(Hussein et al. 1998). Chinese production of dates reached
147,600 tons in 2010 (Food and Agriculture Organization of
the United Nations 2010); among which, approximately
15,000 tons were date seeds. Currently, date seeds are mainly
discarded or just used as animal feedings, which is a huge
waste. The non-use of this byproduct for human food is a real
economic loss since it is rich in value-added components
including bioactive constituents with antimicrobial, antioxi-
dant, and other health-promoting activities (Hamada et al.
2002; Al-Farsi et al. 2007; Al-Farsi and Lee 2008; Soong
and Barlow 2004). Therefore, better utilization of such
byproduct is very important to maintain dates cultivation
and to increase the source of phenolics and income as well
as to lessen environmental burden.

Since a large quantity of date seeds is being produced as a
waste material and the seeds contain a significant amount of
bioactive phenolics, an effective method to prepare phenolics
from date seeds will be beneficial to better utilize this byprod-
uct as a phenolics provider. Extraction yield of phenolics is
dependent on the solvent and method of extraction (Goli et al.
2005). In addition, a good extraction should be able to obtain a
fair amount of phenolics and simultaneously minimize the
oxidation, degradation, and polymerization of the desired
products (Zuo et al. 2002). To the current date, most extrac-
tions were based on solvent, and usually required several hours
or even days of extraction and a huge volume of solvent. Apart
from difficulties in the extraction process, the solvent used was
usually methanol, acetone, or other hazardous chemicals (Al-
Farsi and Lee 2008) which are not only toxic to the products
but may result in degradation of the thermolabile components
during solute/solvent separation (Liza et al. 2010).
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Recently, supercritical fluid extraction (SFE) has beenwide-
ly applied in food, chemical, and pharmaceutical industries for
its non-toxicity and non-destruction to extracts. The combined
liquid-like solvating capabilities and gas-like transport proper-
ties of supercritical fluids made it particularly suitable for the
extraction of diffusion-controlled matrices including plant tis-
sues (Liza et al. 2010; Reverchon and De Marco 2006).
Moreover, the solvent strength of supercritical fluid can be
controlled by modifying pressure and/or temperature; there-
fore, it may achieve a remarkably high selectivity. Supercritical
CO2 is the most commonly used fluid considering it is non-
toxic, non-flammable, non-explosive, cost-efficient and easily
approachable (Chiu et al. 2002; Liza et al. 2010). Moreover,
extractions with supercritical CO2 could achieve solvent-free
products and avoid deteriorating reactions, due to low process
temperatures (Vatai et al. 2009). Usually, adding a small
amount of liquid cosolvent (modifier) can significantly
increase the extraction yield and reduce the extraction time
(Lang andWai. 2001). Ethanol is a preferable cosolvent in SFE
due to its low toxicity and being easily removed from products
(Hamburger et al. 2004; Lang and Wai. 2001).

SFE has been reported as an effective method for preparing
bioactive products from plant materials. However, to our best
knowledge, there were no reports on phenolics extracted from
date seeds by SFE so far.

The objective of this study was to optimize the extraction
of phenolic yield from date seeds using supercritical CO2 with
ethanol as cosolvent. Effects of pressure, temperature, dura-
tion, and times of extraction on phenolic yield were investi-
gated, and optimization of extraction using orthogonal assay
(OA) design was performed.

Material and Methods

Samples

The “Lingbao” date fruits used in this study were procured
from market in Zhengzhou, Henan, China. The dates at fully
mature stage were sun-dried after harvested in September.
The seeds were manually separated from the flesh and
rinsed clean, air dried for 2 days in an oven at 50 °C (Al-
Farsi and Lee 2008). Then, the dried date seeds were ground
for 3 min. The particles were controlled between 0.425 and
0.053 mm in diameter, were sieved out for usage, packed in
plastic bags, and stored in a desiccator at room temperature.

Supercritical Fluid Extraction

Extractions were done using a 7071 Spe-ed Supercritical Fluid
Extraction System (Applied Separations Inc., Allentown, PA,
USA), which consisted of a 50-mL extraction vessel, air
pressure regulator (series 7071), air compressor (TYW-2,

Nanjing, China), cryostat (SDC-6, Nanjing, China), and sy-
ringe pump unit (series 1500). Circulated malondialdehyde at
3 °C was used for cooling different zones in the SFE extrac-
tion apparatus.

Grounded date seed (10 g) was weighed accurately and
placed into 50 mL extraction vessel fit with filters at the inlet
and outlet to avoid haulage of the sample. Supercritical CO2

and cosolvent (20 mL ethanol) were introduced into the ex-
traction vessel after desired temperature was achieved. The
cosolvent was maintained at 4 mL/min. Addition of cosolvent
allowed the sample of date seeds to soak in the CO2 and
ethanol in order to equilibrate the mixture at desired pressure
and temperature. The air pressure regulator and air compressor
were loaded with CO2 until the operating pressure was
reached. The extraction was set for a static extraction. After
extraction, samples were collected into a collection vessel
through a micrometric valve, which was thermostated to avoid
obstructions at the exit due to the solidification of CO2. And
then all the tubings in the process line were washed with
ethanol to recover the extract deposited. The extraction yield
was calculated as the ratio of the total mass of extract (extrac-
tion and cleaning process) to the initial mass of raw material
(dry basis) (Piantino et al. 2008).

Experimental Design

Before the orthogonal experiment, several separate experi-
ments for each independent factor were operated in order to
make sure the correct levels for orthogonal experiment design
were obtained. The independent variables were temper-
ature (°C), pressure (bar), extraction time (h), and times of
extraction (times). The effects of 3 or 5 levels of each factor on
total phenolic content (TPC) by SFE in single experiment
were investigated based on previous experiments. The single
levels of these four factors were shown in Table 1.

OA with four variables and three factorial levels was
applied. The coded levels were shown in Table 2 according
to the results of single factor experiments. OA9 (34) was
chosen to reduce workload, while it could arrange the four
factors, their levels, and also the interactions between these
factors if they exist. In this case, the interaction between any
two factors was included in the other two columns (Yang et
al. 2007; Yan et al. 2009). TPC was carried out to determine
the extraction efficiency. Altogether, nine runs were per-
formed under randomized order, and the experiments on
each sample were carried out in duplicate in order to eval-
uate the variability of measurement.

Determination of TPC

The extracts from SFE were collected and adjusted to 50 mL
after cosolvent was removed by evaporation in a vacuum at
40 °C using a rotary evaporator. All of the steps were
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performed with the protection from light. Folin–Ciocalteu
method was used for the determination of TPC as de-
scribed by Gelmez et al. (2009) with some modifications.
Diluted extract (0.5mL) was added to 2.5 mL Folin–Ciocalteu
reagent and 2 mL Na2CO3. The mixture was incubated
at 37 °C for 5 min. The absorbance at 760 nm was
measured, and the concentration of TPC was expressed
as milligrams of gallic acid equivalents (GAE) per
100 g of fresh weight (FW) (Al-Farsi et al. 2007).

Determination of Phenolic Components by High
Performance Liquid Chromatography Analysis

The phenolic components in extracts of date seeds were
analyzed by high performance liquid chromatography
(HPLC) method. The HPLC analysis (Waters Corp.,
Wilford, MA, USA) was performed with a Waters 1525
pump controller, 2996 Photodiode Array detector, and
2707 auto injector equipped with Waters Symmetry C18

column (4.6×250 mm). Classic Empower 2010 software
was used for data processing. The phenolic compounds
were eluted with a gradient elution of mobile phase, solvent
A consisted of 100 % methanol (HPLC grade) and
solvent B consisted of deionized water (Milli-Q, USA)
adjusted to pH 2.6 with phosphate (HPLC grade).
Gradient elution program was set as follows: 0 min,
15 % A, 85 % B; 15 min, 22 % A, 78 % B; 30 min, 30 %
A, 70 % B; 65 min, 75 % A, 25 % B; 70 min, 100 % A;
85 min, 100 % A; and 90 min, 15 % A, 85 % B. The inject
volume was 10 μL. The column temperature was set to 30 °C,
flow rate of mobile phase at 0.6 mL/min, and detection scan-
ning range from 210 to 400 nm with resolution of 1.2 nm.
Standard sample was composed of 11 phenolic acids: gallic
acid, protocatechuic acid, catechin, chlorogenic acid, caffeic
acid, epicatechin, ferulic acid, rutin, ellagic acid, cinnamic
acid, quercetin, and kaempferol. Identification of compounds
was achieved by comparing their retention times as well as the
UV–vis spectra of standards (Zhang et al. 2010). All the
phenolic standards were obtained from Sigma-Aldrich (St,
Louis, MO, USA).

Antioxidant Capacity of TPC

To determine the antioxidant activity of date seed extracts,
the ability of the extracts to inhibit non site-specific hydrox-
yl radical-mediated peroxidation was carried out according
to Hinneburg et al. (2006) with slight modifications. The
reaction mixture contained 0.1 mL extract, 0.4 mL KH2PO4-
KOH buffer (50 mmol/L, pH 7.4), 0.1 mL EDTA
(100 mmol/L), 0.1 mL FeCl3 (100 μmol/L), 0.1 mL H2O2

(0.1 mmol/L), 0.1 mL 2 mmol/L aqueous ascorbic acid, and
0.1 mL 60 mmol/L 2-Deoxy-D-ribose. Then, the mixture
was incubated in a 37 °C water bath for 1 h. Thereafter,
1 mL 25 % HCl and 1 mL 1 % Thiobarbituric acid were
quickly added and boiled at 100 °C for 15 min. Butanol
(3 mL) was added for extraction if the mixture appeared
cloudy.

The absorbance of the solution at 532 nm was measured,

and the inhibition value was calculated as: Inhibition %ð Þ
¼ Ac�As

Ac
� 100. Ac and As meant the absorbance of a negative

control and the sample, respectively. Same concentration of
ascorbic acid was used as positive control.

Table 1 Factors and levels for single experiment design for effects on
TPC

Factor Level

Extraction time (h) 1.0 1.5 2.0 2.5 3.0

Pressure (bar) 250 300 350 400 450

Temperature (°C) 40 50 60

Number of extraction (times) 1 2 3

Table 2 Layout of OA9 (34) matrix and results of analysis on the
effects of four factors on TPC

Experiment
No.

Coded levels TPC (mg/100 g
FW)

A B C D

1 1(1.5) 1(300) 1(40) 1(1) 66.23d

2 1 2(350) 2(50) 2(2) 295.46ab

3 1 3(400) 3(60) 3(3) 222.59abc

4 2(2.0) 1 2 3 260.36abc

5 2 2 3 1 169.57bcd

6 2 3 1 2 307.79a

7 3(2.5) 1 3 2 264.62ab

8 3 2 1 3 193.14abcd

9 3 3 2 1 126.28cd

k1a 194.76 197.07 189.05 120.70

k2b 245.91 219.39 227.37 289.29

k3c 194.68 218.89 218.93 225.36

Optimal
leveld

2 2 2 2

Re 51.23 22.32 38.31 168.59

Sequencef 2 4 3 1

Values with different letters denote significant differences among the
treatments at P<0.05.

TPC total phenolic content, R range
a TPC at level 1
b TPC at level 2
c TPC at level 3
d The level at which the average TPC reached the highest.
e The difference between the maximal and minimal average of TPC.
f The order of importance or effectiveness of the four factors on TPC by
the R value
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Statistical Analysis

Statistical Product and Service Solutions (v13.0, USA)
was applied for experimental design and data analysis.
The importance of each of the four factors to TPC was
evaluated based on to the effectiveness of each factor
by calculating range (R) (the difference between the
maximal and minimal means of TPC within the three
levels of each factor). Analysis of variance was per-
formed to test the significance of the effects of the four
factors on TPC. Differences between means of different
levels were analyzed by means of least significant dif-
ference multiple comparisons at P<0.05. Finally, the
significance of antioxidant activity differences between
extracted date seed phenolics and ascorbic acid at the
same concentration was evaluated using Student’s t-test.

Results and Discussion

Effects of Process Variables on Extraction of TPC

The static SFE extraction results were affected by four major
factors: temperature, pressure, extraction time, and number
of extraction. In order to approach a suitable range for
individual factor, all parameters were tested in a wider range
prior to OA design. The range of each factor level for OA
test was based on the optimal conditions of separate exper-
iment results, as shown in Fig. 1a–d.

Figure 1 a shows the effect of temperature on TPC of date
seeds in SFE at 350 bar, extracted for 2 h and extracted

twice. Temperature of 40 °C was widely used in the
extraction of plant materials by SC–CO2, which was
just above the critical temperature for CO2 (31.1 °C).
The increase of temperature can have either a positive
or a negative effect on the yield of TPC from date
seeds. As shown in Fig. 1a, the yield of phenolics
increased significantly as temperature increased from
40 to 50 °C. However, a further increase from 50 to
60 °C did not continue increasing the extraction yield.
This agree well with the reports of Liu et al. (2011),
who found an increase in the flavonoid yield by in-
creasing the temperature from 40 to 50 °C of SFE
extraction and a reversed trend when temperature
reached a certain value.

In SFE, extraction conditions were defined in terms
of variables directly related to the relative solvent
strength, which was primarily dependent on the density
(Pitzer 1955). Near the system’s critical pressure, the
fluid density became very sensitive to temperature. The
increase of phenolic content was due to the enhance-
ment of vapor pressure of analytes, which was greater
than the reduction of CO2 density (Liza et al. 2010).
Heating might also weaken the interactions between phenol,
protein, and polysaccharide in date seeds (Al-Farsi and Lee
2008). However, when temperature raised to 60 °C, density of
CO2 at constant pressure decreased with increased tempera-
ture, resulting in reduced solvent power for supercritical CO2

(Liza et al. 2010; Wang et al. 2008). Decreased TPC could
also be associated with the denaturation of phenolic com-
pounds due to a long extraction processing at temperature
above 50 °C (Ghafoor et al. 2010; Cacace and Mazza 2003).

Fig. 1 Effect of temperature
(a), pressure (b), extraction
time (c) and number of
extraction (d) on TPC by SFE.
Experimental condition: a
pressure 350 bar, extracted
twice, each lasting 2 h; b
extracted twice at 50 °C for 2 h;
c pressure 350 bar, extracted
twice at 50 °C; d pressure
350 bar, extracted 2 h at 50 °C.
Values with different letters
denote significant difference at
P<0.05 among treatments
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Figure 1b shows the effect of pressure on the extrac-
tion of TPC. A significant increase of extraction yield
was observed in the range of 300–350 bar with the
highest yield at 350 bar. At a constant temperature,
increased fluid density was resulted from pressure in-
crease that altered solute solubility, which was probably
the major reason for the increase of total phenol
extracted (Wang et al. 2008). As the density increased,
the distance between the molecules decreased.
Therefore, the interaction between the analytes and
CO2 increased, leading to a greater solubility of the
analytes in CO2, and a decreased phenolic yield over
this range. Gomes et al. (2007) indicated the composi-
tion of extract could be controlled by adjusting pressure,
and a high recovery of volatile fractions and a low
recovery of non-volatile fractions were obtained at high
pressure. Wang et al. (2008) demonstrated in a pressure
range the yield of flavonoid from Pueraria lobata in-
creased with increased pressure, consistent with our
results, which might be due to the modification of
volatility and polarity of extracted analytes by higher
pressure. Gelmez et al. (2009) reported that pressure
affected the solubility of wheat germ oil more than the
solubility of phenolics with increased pressure.

Under the operational conditions previously selected of
350 bar and twice extractions at 50 °C, the effect of extrac-
tion time (h) on the TPC from date seeds was evaluated
(Fig. 1c). An almost linear increase in TPC was observed
with extraction up to 2 h, with the yield at 2 h being 2.5 fold
of that at 1 h. This did not agree well with reports from Al-
Farsi and Lee (2008) who demonstrated the yield of phe-
nolics by solvent extraction from date seeds remained con-
stant with increased extraction time up to 2 h. While 2 h
later, yield significantly decreased with a prolonged time.
Liza et al. (2010) also found the dynamic extraction time of
more than 1 h did not significantly increase the yield. The
increased extraction duration and constant exposure to high
temperature increased the vaporization of solvent, which
affected the solvent to solid ratio, thus might induce the loss
of phenolics by oxidation (Al-Farsi and Lee 2008). Thereby,
2 h was chosen as optimum time for phenolic extraction
from date seeds by SFE.

Heating and long extraction time might result in heat
oxidation and compound degradation. Multiple-stage ex-
traction could be an appropriate alternative to minimize
these problems (Al-Farsi and Lee 2008). Effect of dif-
ferent extraction times on the yield of TPC of date
seeds by SFE was investigated when the other three
factors were fixed at 50 °C, 2 h, and 350 bar, respec-
tively. The result (Fig. 1d) implied that TPC increased
significantly from 170.75 to 441.57 mg GAE/100 g FW
during the second extraction. Moreover, the yield of
phenolics increased slightly after the third extraction.

The result was similar to a previous report, which
showed the polysaccharide yield from Anemone rad-
deana increased just a little after three extractions
(Sun et al. 2009). Shi et al. (2003) and Al-Farsi and
Lee (2008) also found the first two extractions for
phenolic yield from grape seeds and date seeds were
more efficient. Our current reports, supported by previ-
ous publications, shows that twice extractions achieved
the best yield of phenolics from date seeds by SFE at
fixed conditions of temperature, pressure, and extraction
time. More extractions were not recommended consid-
ering the time, consumption of solvent, and supercritical
fluid CO2.

Optimization of the SFE Operating Process

The orthogonal experimental design OA9 (3)
4 (Table 2) was

conducted to optimize the extraction temperature (factor A),
pressure (factor B), extraction time (factor C), and number
of extraction (factor D) for SFE. The highest TPC
(307.79 mg/100 g FW) was obtained in experiment No. 6
(50 °C, 400 bar, extraction for 1 h, and extracted twice).

To our best knowledge, no data were available in the
literature regarding extraction of TPC from date seeds using
SFE. In this current study, the TPC of date seeds varied from
66.23 to 307.79 mg/100 g FW. The result was similar with
that of Amany et al. (2012) who reported that TPC was
90 mg GAE/100 g (methanol) to 201.5 mg GAE/100 g FW
(formic acid) by a traditional solvent extraction method
from “Khalas” date seeds. However, their results were much
lower than those reported by Al-Farsi et al. (2007) and
Habib and Ibrahim (2011) who found that TPC of date seeds
in “Mabseeli”, “Um-sellah”, and “Shahal” cultivars were
3102, 4293, and 4430 mg GAE/100 g FW, respectively
using methanol/H2O (50:50, v/v) as extracted solvent.
Habib and Ibrahim (2011) reported that the TPC of
“Khalas” cultivar was 2,460 mg GAE/100 g FW using the
method of Al-Farsi et al. (2007). Various extraction meth-
ods, varieties, and grinded sizes might cause the different
yields.

It was not appropriate to choose the best extraction con-
ditions only based on the outcomes in Table 2. Further
orthogonal analysis was needed. Thus, the k and R values
were calculated and listed in Table 2 as well. According to
the ranges calculated (Table 2), the order of importance of
the four factors to TPC was: D (number of extraction)>A
(extraction time)>C (temperature)>B (pressure) according
to the R values. Thus, the best combination of factors and
levels for the highest TPC was A2B2C2D2, that was
extracted twice, at 50 °C, 350 bar for 2 h. The TPC under
optimal condition was detected in prior experiment as
441.57 mg GAE/100 g FW, which was much higher than
the result of OA experiments in Table 2.
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Numbers of extraction was the main parameter contrib-
uting to optimum extraction. Sun et al. (2009) also found
that the number of extraction was the most important deter-
minant for the yield of polysaccharides from A. raddeana.
However, pressure was found to have least effect on TPC in
our research, which was different from other reports in
which pressure was the most significant variable on TPC
(Gelmez et al. 2009) or total flavonoids (Liu et al. 2011).
This difference may be explained by different textures of
fruit materials. Date seeds were so hard that pressure may
not exert significant effects on the extraction of phenolics.

We did not set up an independent column in the OATable
(Table 2) to evaluate the sum of square of error term (SSe).
The reason was that, according to Zhang and Yan (2001) and
Yan et al. (2009), the factor that had the smallest sum of
squares can be taken as error term testing the significance of
effects of the main factors. In the current report, it was found
that factor B (pressure) had the smallest value of the sum of
square (Table 2), thus the sum of square of factor B was used
as the SSe for the test of significance. From Table 3, the effect
of the number of extraction was significant on TPC (P<0.05),
while the effects of the other factors were not significant.
Through multiple comparisons by least significant difference
test (data not shown), TPC of more extractions were signifi-
cantly greater than single extraction, while no significant
difference of TPC was observed between double extractions
and triple extractions.

Phenolic Compositions Extracted from Date Seeds by SFE

HPLC results showed that the total phenolic acid composi-
tions of date seeds in No. 6 sample from OA design runs
(Fig. 2). A total of seven phenolic compounds of the date
seeds could be identified in our research, as noted “S1”
(gallic acid), “S2” (protocatechuic acid), “S3” (chlorogenic
acid), “S4” (epicatechin), “S6” (rutin), “S7” (ellagic acid),
and “S9” (quercetin). Several “unknown” compounds were
also present, for example, noted as “S5” and “S8” in Fig. 2.
Further studies (HPLC–MS and other techniques) were
needed for elucidating the phenolic compositions from date
seeds.

Among the identified phenolic acids in date seeds,
chlorogenic acid, rutin, ellagic acid, and quercetin were the

major phenolic acids extracted by SFE. However, Al-Farsi
and Lee (2008) reported that p-hydroxybenzoic, protocate-
chuic, and m-coumaric acids were the major phenolic acids
in date seeds. The extraction and pretreatment before HPLC
might be one reason for this difference. Different solvent
used could be additional reason, which had a significantly
different selectivity of phenolic acids in date seeds. The
extraction solvent by Al-Farsi and Lee (2008) (50 % ace-
tone) may render the highest extraction capacity for gallic,
p-hydroxybenzoic, caffeic, p-coumaric, and ferulic acids.
And the hydrolysis treatments used by Al-Farsi and Lee
(2008) could quantify the acids transform glycosylated and
esterified phenolics into aglycon form. Furthermore, the
various concentrated phenolic acid compositions of date
seeds by SFE under different operating conditions might
explain for the difference. Klejdus et al. (2009) found that
SFE extraction temperature affected the phenolic acid com-
position, implicating the temperature of 100 °C was better
for protocatechuic and p-hydroxybenzoic acids while 60 °C
for chlorogenic, p-coumaric, and ferulic acid. All of the
phenolics in the current report were extracted at low tem-
perature (<60 °C), which resulted in more chlorogenic, p-
coumaric, and ferulic acid extracted. On the other hand,
whether the “unknown” compounds “S5” and “S8” in the
current research were p-hydroxybenzoic or m-coumaric
acids were not sure, requiring further experiments to
characterize.

Antioxidant Properties of Phenolics Extracted from Date
Seeds by SFE

Samples from the conditions of No. 6 OA design were run
for evaluating the antioxidant properties of date seed phe-
nolics extracted by SFE. The antioxidant activities of phe-
nolics from date seeds and same concentration ascorbic
acid were shown in Fig. 3. Ascorbic acid was chosen as
a comparison, because deoxyribose would be degraded
by hydroxyl radicals generated and ascorbic acid was a
common hydroxyl radical scavenger. The result showed
that date seed phenolics were more effective in elimi-
nating hydroxyl radicals than ascorbic acid at the con-
centration varying from 1.0 to 8.0 mg/L. Inhibitions of
1.0, 4.0, and 8.0 mg/L date seed phenolics on hydroxyl

Table 3 ANOVA result of the
four factors on TPC

Tests of between-subjects
effects. TPC is the dependent
variable

*P<0.05; significant effect of
the factor on TPC

Source Sum of squares df Mean square F Sig.

Temperature (°C) 5240.50 2 2620.25 5.38 0.16

Extraction time (h) 2431.25 2 1215.62 2.50 0.29

Number of extraction (times) 13465.71 2 21732.86 44.61 0.02*

Error 974.25 2 487.13

Total 52111.71 8
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radical were 66.11, 88.12, and 94.48 %, respectively,
while for the same concentration of ascorbic acid, they
were 50.65, 55.65, and 60.45 %, respectively. However,
the difference between antioxidant activity of date seed
phenolics and ascorbic acid became insignificant when
the concentration increased to 10 mg/L. The high anti-
oxidant of dates, especially date seeds due to its high
phenolic contents, was supported by several reports (Al-
Farsi et al. 2007; Guo et al. 2003).

Conclusions

SFE was found to be an effective technique in the
recovery of biologically valuable components from date
seeds. Extraction efficiency was affected by temperature,
pressure, number of extraction, and extraction time,
especially the number of extraction, which significantly
affected TPC yield. Procedures of duplicate extractions,
each for 2 h at 50 °C with 350 bar pressure, were
considered the optimum for phenolic extraction from
grounded date seeds by SFE. Seven phenolic acids were
identified in date seeds; among which, the majority
compounds were chlorogenic acid, rutin, ellagic acid,
and quercetin with two other major phenolic acids

unidentified. Total phenolics from date seeds were
found to have a higher antioxidant activity than same
concentration of ascorbic acid in the range from 1 to
8 mg/L. The results indicated that date seeds could
serve as a good source of phenolics and could poten-
tially be considered as an affordable natural antioxidant.

Fig. 2 HPLC analysis of date
seed phenolic compositions
extracted by SFE. a detective
wavelength at 280 nm. b
detective wavelength at
320 nm. S1: gallic acid, S2
protocatechuic acid, S3
chlorogenic acid, S4
epicatechin, S5 unknown, S6
rutin, S7 ellagic acid, S8
unknown, S9 quercetin.
Phenolics sample was extracted
twice at 40 °C, 400 bar for 2 h

Fig. 3 Inhibition of 2-deoxy-D-ribose degradation by extracted phe-
nolics from date seeds and ascorbic acid. Single asterisk indicates
significant mean difference at P<0.05. Double asterisks indicate sig-
nificant mean difference at P<0.01
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