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Abstract: Saudi Arabia is one of the major producers of date (Phoenix dactylifera) fruit. Date fruit
flesh is considered a healthy food due to the presence of natural antioxidants. Green and innovative
supercritical fluid (SFE, 52.5 ◦C temperature, 27.50 MPa pressure, 5 mL CO2/min flow rate) and sub-
critical (SubCO2, 250 extraction cycles, 29 ◦C temperature, 6.8 MPa, 12 h, ethanol solvent) extraction
techniques were used to produce flesh extracts from four Saudi date fruits (Sukari (SKFE), Ambara
(AMFE), Majdool (MJFE) and Sagai (SGFE)), and extracts prepared using 6 h Soxhlet extraction at
70 ◦C for 16 h using n-hexane as solvent, were taken as control. SFE produced the highest (p < 0.05)
extract yields, whereas the SubCO2 method recovered significantly higher (p < 0.05) amounts of
phytochemicals. Total phenolics (186.37–447.31 mg GAE/100 g), total flavonoids (82.12–215.28 mg
QE/100 g), total anthocyanins (0.41–1.34 mg/100 g), and total carotenoid (1.24–2.85 mg BCE/100 g)
were quantified in all the flesh extracts. The biological properties evaluation showed that flesh extracts
had high antioxidant (17.79–45.08 µg AAE/mL), antiradical (191.36–34.66 µg/mL DPPH IC50), ferric-
reducing (2.18–5.01 mmol TE/100 g) and ABTS-scavenging (444.75–883.96 µmol TE/100 g) activities.
SubCO2 was the best technique and Majdool the best date variety, in terms of both phytochemicals
and biological properties.

Keywords: Phoenix dactylifera; date fruit flesh; date varieties; supercritical CO2; subcritical CO2;
phytochemicals; biological properties

1. Introduction

For a long time, the date palm (Phoenix dactylifera L.) has been recognized as one of the
most valuable fruiting plants in the Arabian Peninsula [1,2]. Saudi Arabia ranks among the
top date fruit producers with continuously increasing exports [3]. Date fruits are excellent
dietary sources of energy and fibre and are sometimes considered one of the staple foods of
the region. Different date palm products, such as fruits, pollens, leaves, seeds and trunks,
are considered to have medicinal properties [4]. The date fruit can be defined as a fleshy
pericarp containing one seed [5]. The date fruit is rich in carbohydrates (mainly sucrose,
glucose and fructose), vitamins (especially vitamin B complex), fiber, minerals, proteins
and many other natural products and phytochemicals, including phenolics, carotenoids,
phytosterols and flavonoids. These can be used in the promotion and protection of human
health due to their antioxidant and anti-inflammatory properties [6]. In general, date
fruits are a good source of minerals and amino acids, and they have been used for the
treatment of chronic illnesses and diseases [7]. It has been reported that the consumption
of date fruit is associated with a reduction of high blood pressure and oxidative stress.
Furthermore, date fruits also aid in the treatment of health problems such as diabetes, cancer
and atherosclerosis [8]. The presence of phytochemicals such as anthocyanins, flavonoids,
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tannins, phenolic compounds and water-soluble vitamins adds additional health benefits
to these fruits, many of which still need to be explored [6,9].

The nutraceutical industry is one of the important future industries which may target
the recovery, isolation and further utilization of various health-promoting components
from various types of fruits, vegetables and agri-products. The extraction of phytochem-
icals from plant materials is an important area of research, as their utilization and bio-
logical/functional properties depend on extraction yield and quality of the extract and
selectivity of the method [10]. The generally used solvent-based methods are nonselec-
tive, although in many cases they have high gravimetric yields [11]. In general, studies
investigating date fruit as a source of nutrients and phytochemicals have involved the
application of conventionally used organic solvents such as methanol [5,9]. There is a
scarcity of reports involving the use of innovative and green techniques to study functional
compounds and their properties in date fruit flesh. Supercritical fluid extraction (SFE) using
supercritical CO2 is a green and innovative method for the recovery of natural antioxidants
for food and pharmaceutical uses, as regulatory requirements discourage use of toxic
organic solvents [12]. CO2, being environment friendly, safe, nontoxic, noncarcinogenic,
nonflammable and cheap, is often used as a supercritical fluid, although the initial costs
of SFE setup are quite high. CO2 can be used for a wide range of chemical and biochemi-
cal extraction processes [11]. Application of subcritical CO2 in subcritical CO2 (SubCO2)
extraction is also increasing, as the apparatus used in this method is generally identical
to the Soxhlet method and may be less costly in comparison to SFE systems [13,14]. In
both states, the selectivity of CO2 during extraction processes can controlled or adjusted
through temperature, cosolvent and pressure to obtain extract fractions, particularly rich
in specific phytochemicals [11–15]. These two techniques are also generally referred to as
green methods as they work at lower temperatures and the extracts obtained are considered
safe for food applications [11,13,14].

The objectives of the present study included the application of conventional (Soxhlet)
and green/innovative (SFE and SubCO2) extraction methods for the recovery of different
phytochemicals, such as total phenolic compounds, total flavonoids, total anthocyanins and
total carotenoids from fruit samples of four (Sukari date flesh, Ambara date flesh, Majdool
date flesh and Sagai date flesh) different cultivars of date grown in Saudi Arabia. The
SFE process was optimized using response surface methodology and regression analysis
techniques. The biological activities of these flesh extracts were also studied using different
in vitro antioxidant activity assays.

2. Materials and Methods
2.1. Date Flesh Sample Preparation

Sukari, Ambara, Majdool and Sagai date fruit (Figure 1), cultivated in Saudi Arabia
and harvested during date season, were obtained from a date fruit market in Riyadh, Saudi
Arabia during 2020. Date flesh was manually removed from the fruit and dried under
vacuum at 50 ◦C. The dried flesh was made into a powder form using a blender (Panasonic,
Shah Alam, Malaysia). Analytical grade chemicals from Sigma-Aldrich (St. Louis, MO,
USA) were used in this work.
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Figure 1. Date Fruits from Four Date Cultivars grown in Saudi Arabia.

2.2. Moisture Content Determination

A halogen moisture analyzer-HB43 (Mettler-Toledo GmbH, Giessen, Germany) was
used for the determination of moisture in date flesh samples following a Ca 2d- 25 AOAC
official method [16]. The instrument was fixed at 105 ◦C, followed by sample evaluation.
Date flesh sample (5 g) was placed on an aluminum plate in the sample handler for 5 min,
followed by increase of its temperature with the help of halogen light. The samples’
moisture percentage was stored in an automatic recorder.

2.3. Date Flesh Antioxidants’ Extraction
2.3.1. Conventional Extraction

The conventional method employed to extract date flesh (25 g grounded sample)
bioactive compounds (25 g) was carried out in Whatman® cellulose extraction thimbles
(28 × 100 mm) and using n-hexane (250 mL) as solvent in a Soxhlet system. The extraction
was carried out for 10–12 h at 70 ◦C. The dried extract was obtained by evaporating the
n-hexane (containing extract) at 50 ◦C using a rotary evaporator (Eyela, Tokyo Rikakikai
Co., Tokyo, Japan). The extracts were stored in airtight, light-proof containers at −20 ◦C.
The calculation of the extract yield was based on following equation:

Yield (%) =
Weight o f extract

Weight o f ground sample
× 100 (1)

2.3.2. Supercritical Fluid CO2 Extraction (SFE)

The SFE unit (Jasco Corporation, Tokyo, Japan) used in this study consisted of two
pumps: a CO2 pressurizing pump and cosolvent recovery pump. The cosolvent used was
30% ethanol and the CO2 cylinder pump was also equipped with a cooling system, whereas
the pump head was cooled using a mixture (50:50) of ethylene glycol and deionized water.
The process variables included extraction temperature (X1) (35–70 ◦C) CO2 pressure (X2)
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(15–40 MPa), and CO2 flow rate (X3) (0.5–5 mL/min). The extraction trials were based on
a central composite rotatable experimental design [11,13,17]. A total of at least 18 trials
were carried out for optimization of the extraction. In each run, a 20 g sample was placed
in the extraction vessel and CO2 was pressurized into the vessel to carry out bioactive
compounds’ extraction at different combinations of process variables. The extracts were
collected at backpressure regulator in a Schott bottle followed by vacuum drying. The
percentage yields of the extracts were estimated according to Equation (1). Extract samples
thus prepared were packaged in light-proof bottles, sealed to prevent air penetration, and
stored at −20 ◦C. In order to optimize the SFE extraction process for the extract yield, a
predictive model was designed as follows:

Y = b0 + b1X1 + b2X2 + b3X3 + b11X2
1 + b22X2

2 + b33X2
3 + b12X1X2 + b13X1X3 + b23X2X3 (2)

The response variable Y denoted the extract yield. b0 is the regression coefficient for
the offset term. The regression coefficients were also denoted using b2 and b3 (linear terms);
b11, b22 and b33 (quadratic terms) and b12, b13 and b23 (interaction terms). The process
variables of SFE temperature, pressure and CO2 flow rate were represented by X1, X2 and
X3 in the above model, respectively.

2.3.3. Subcritical CO2 Extraction (SubCO2)

The extraction of bioactive compounds from date flesh was also carried out using
SubCO2 methods, as reported earlier [14,18,19]. The extraction process was accomplished
by treating 150 g powdered date flesh with 75 mL 95% absolute alcohol (cosolvent) followed
by placement of the sample in the extraction vessels. The extraction cycles (250 cycles),
pressure (6.8 MPa) and temperatures at heating (29 ◦C) and cooling controls were set
and achieved, followed by the flow of the liquid CO2 (6 kg) into the extraction vessel.
The extract and remaining raw sample after extraction were recovered through system
depressurization; the extract was dried under reduced pressure and stored at −20 ◦C. The
extract yield was calculated according to Equation (1).

2.4. Date Flesh Bioactive Compounds
2.4.1. Analysis of Total Phenolic Contents (TPC)

The TPC determination was based on the Folin–Ciocalteu (FC) method [20]. A 10 mg
vacuum-dried extract, obtained from three different techniques, was dissolved in 100 mL
methanol. A sample of 200 µL from the extract in methanol, or a standard solution (gallic
acid in methanol) having different concentrations, was added to 400 µL of FC reagent,
followed by the addition of deionized water to make a total volume in test tube as 4.6 mL.
One mL of 10% sodium carbonate was mixed with the contents of test tubes after 10 min,
followed by further room temperature incubation for 2 h. The absorbance values were
recorded at 765 nm using a spectrophotometer (Shimadzu, Kyoto, Japan). TPC results were
expressed as mg gallic acid equivalent (GAE) per 100 g of date flesh.

2.4.2. Analysis of Total Flavonoids Contents (TFC)

The TFC were evaluated using a colorimetric method [21]. A sample of 1 mL of
extract (prepared in TPC method) was taken in a test tube sodium nitrite (5%, 0.3 mL), and
aluminum chloride (10%, 0.3 mL) solutions were added. The contents of reaction mixture
were kept at room temperature for 5 min, after which 2 mL of sodium hydroxide (1 M)
was added and the volume of the contents increased to 10 mL using deionized water. The
absorbance values were recorded at 510 nm, and quercetin was used was used as a standard
compound. The results for TFC were presented as mg of quercetin equivalent (QE)/100 g
of date flesh.

2.4.3. Analysis of Total Anthocyanins

The evaluation of total anthocyanin [22] in date flesh extract samples was carried
out by taking 1 mL of extract sample (from TPC method) and mixing it with 10 mL of
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5% ethanol. The samples were then centrifuged at 1800× g for 5 min and 200 µL of the
supernatant was mixed with 3.8 mL of HCl (1 M). The contents were then incubated for 3 h
at room temperature. The absorbance (A) values were recorded at 520 nm using HCl as a
blank. The standard used was malvidin-3-glucoside, which was dissolved in methanol and
prepared following the same procedure as that used for the extract sample. Absorbance
values (B) of standard solution were recorded. The total anthocyanins were presented as
mg/100 g of date flesh and initially calculated according to the following formula:

Total anthocyanins
(

mg g−1
)
=

A× dilution f actor× 1000
B

(3)

2.4.4. Analysis of Total Carotenoids

A previously described method [23], in which β-carotene was used as a standard, was
used for the determination of total carotenoids in date flesh extracts. The dried extract was
mixed in 500 µL of 5% NaCl by mixing at vortex, followed by centrifugation at 3000× g for
10 min. n-hexane was used to dilute the samples (supernatants) before the measurement
of absorbance values at 460 nm. Different concentrations of the standard were used to
obtain a standard curve. The total carotenoids were quantified from the standard curve
and sample absorbance values as mg of β-carotene equivalent (BCE) per 100 g of date flesh.

2.5. Biological Properties of Date Flesh Extracts
2.5.1. Phosphomolybdenum Complex Method for the Antioxidant Activity

A previously described phosphomolybdenum complex (PC) method [24] was used
for the estimation of the antioxidant activity of date flesh extracts obtained using different
techniques. A 100 µg sample of date flesh extract from each technique was solubilized in
1 mL of methanol. From this solution, a 400 µL sample of this solution was mixed with
4 mL of PC solution that contained 0.6 M sulphuric acid, 2 mM sodium phosphate and
4 mM ammonium molybdate. The blank consisted of 4 mL PC solution and of reagent
solution and 400 µL of methanol. Blank and sample tubes were capped and placed in
water bath to incubate at 95 ◦C for 1 h. Followed by cooling under tap water, samples
were measured for absorbance at 695 nm. The ascorbic acid calibration curve was prepared
following the above procedure for comparison and measurement of antioxidant activity.

2.5.2. Free Radical Scavenging Activity

The radical scavenging activity of date flesh extracts was measured using 1-diphenyl-
2-picrylhydrazyl (DPPH) method [25]. Briefly, 1 mL sample (1 mg of extract of sample was
dissolved in 100 mL methanol) was made to react with 2 mL of DPPH solution (prepared
mixing 1 mg of DPPH reagent in 100 mL of methanol). After 5 min incubation at room
temperature, the absorbance values of reaction mixture were estimated at 517 nm. The
radical scavenging activities were expressed as IC50 values, where a lower value reflected
higher ability of the extract to scavenge DPPH free radicals.

2.5.3. Ferric Reducing Antioxidant Power (FRAP)

A method described by Benzie and Szeto [26] was used for the evaluation of FRAP
of date flesh extracts, after some modifications. The FRAP reagent used in this assay
consisted of acetate buffer (300 mM and pH 3.6); ferric chloride hexahydrate (20 mM in
water) and TPTZ (10 mM in 40 mM HCl). Date flesh extract was dissolved in 3 mL of
FRAP solution, making the concentration of the extract 0.02–1 mg/mL. Once incubated
at room temperature for 30 min, the absorbance values of the reaction mixture were
recorded at 593 nm. The trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid)
was employed as a standard for calibration curve preparation. The FRAP activity was
expressed as millimole trolox equivalent (mmolTE)/100 g.
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2.5.4. Cation Radical Scavenging Assay

A 2, 2- azinobis, 3- ethylbenzothiazoline, 6- sulfonic acid diammonium salt (ABTS) was
used to measure the cation radical scavenging activity of date flesh extracts. A previously
explained method [27] was used for this assay, in which ABTS (7 mM) was reacted with
potassium persulfate (2.45 mM) under dark conditions for 12–16 h at ambient temperatures.
Diluted mixture (ethanol for dilution) was evaluated for absorbance using a spectropho-
tometer and a value of 0.700 ± 0.01 at 734 nm was achieved for the mixture. Samples from
extracts (10–100 µg/mL ethanol) were mixed with 3 mL of ABTS reagent and incubated
at 23 ◦C for 6 min, after which the absorbance values were recorded. Trolox was used for
constructing the calibration curve and the results were expressed as µmol TE/100 g.

2.6. Statistical Analyses

The analytical and extraction methods were properly replicated (at least triplicates)
and the data were expressed as means ± SD. Regression analysis and analysis of variance
(ANOVA) methods were applied to the obtained data using a statistical analysis system
(SAS, version 9.4) software and the significance was defined as p < 0.05.

3. Results and Discussion
3.1. Date Flesh Extraction Using Supercritical Fluid Technique, Optimization and Modelling of
the Method

Date flesh samples from four different date fruit verities, namely Sukari, Ambara,
Majdool and Sagai (as shown in Figure 1), were estimated for moisture contents. These
were found to be 21.71 ± 0.97, 28.35 ± 1.29, 28.42 ± 1.02 and 26.93 ± 1.10%, respectively.
Considering the possibility that SFE, using CO2 as supercritical fluid, could yield extracts of
superior quality with higher bioactive contents from date fruit flesh in comparison to other
conventional methods [11], an experiment involving 18 different sets of process variables
(temperature (X1), pressure (X2) and CO2 flow rate (X3)) was designed (Table 1). The extract
yield was selected as response variable (Y). The extracts from flesh of Sukari, Ambara,
Majdool and Sagai dates were denoted as SKFE, AMFE, MJFE and SGFE, respectively. A
similar approach was previously followed and reported on using date seed from the same
varieties [18].

Table 1. Date flesh extraction experimental design for supercritical fluid extraction (SFE).

Run
SFE Process Variables Response Variable (Yield %)

Temperature
◦C (X1)

Pressure
MPa (X2)

CO2 Flow
mL/min (X3)

Sukari Flesh
(Y1)

Ambara
Flesh (Y2)

Majdool
Flesh (Y3)

Sagai Flesh
(Y4)

1 62.91 20.07 4.09 4.85 ± 0.58 4.32 ± 0.41 6.11 ± 0.42 6.14 ± 0.47
2 62.91 34.93 4.09 4.74 ± 0.62 4.61 ± 0.18 6.23 ± 0.35 5.61 ± 0.25
3 52.50 27.50 2.75 7.62 ± 0.75 9.94 ± 0.71 8.64 ± 0.42 8.74 ± 0.92
4 52.50 40.00 2.75 7.61 ± 0.51 10.01 ± 0.68 10.83 ± 0.78 9.18 ± 0.35
5 52.50 27.50 2.75 8.62 ± 0.72 9.59 ± 0.45 9.59 ± 0.92 9.72 ± 0.45
6 52.50 27.50 2.75 9.81 ± 0.55 9.71 ± 0.64 9.72 ± 0.34 9.45 ± 0.62
7 52.50 27.50 0.50 5.93 ± 0.66 8.94 ± 0.63 6.24 ± 0.47 5.62 ± 0.374
8 62.91 20.07 1.41 4.96 ± 0.34 4.72 ± 0.24 5.45 ± 0.24 4.45 ± 0.28
9 52.50 27.50 2.75 8.79 ± 0.49 9.70 ± 0.57 9.84 ± 0.44 8.78 ± 0.34
10 62.91 34.93 1.41 5.28 ± 0.64 4.91 ± 0.72 6.53 ± 0.36 5.65 ± 0.62
11 70.00 27.50 2.75 2.10 ± 0.21 1.2 ± 0.49 1.1 ± 0.08 1.54 ± 0.09
12 52.50 15.00 2.75 7.60 ± 0.48 9.09 ± 0.45 8.75 ± 0.78 6.86 ± 0.52
13 42.09 20.07 1.41 5.91 ± 0.35 5.87 ± 0.35 6.84 ± 0.35 5.80 ± 0.37
14 42.09 34.93 4.09 8.97 ± 0.43 6.90 ± 0.40 7.61 ± 0.38 7.72 ± 0.62
15 42.09 20.07 4.09 8.55 ± 0.68 6.77 ± 0.27 10.98 ± 0.62 10.78 ± 0.66
16 42.09 34.93 1.41 5.92 ± 0.71 6.53 ± 0.42 6.24 ± 0.47 6.74 ± 0.28
17 35.00 27.50 2.75 5.86 ± 0.19 3.32 ± 0.12 3.66 ± 0.19 3.41 ± 0.18
18 52.50 27.50 5.00 11.13 ± 1.65 10.23 ± 0.46 11.86 ± 0.89 10.90 ± 0.95

Values shown here are means ± standard deviations.
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SFE process from different date varieties were invariably affected by the selected
process parameters in terms of the total extract yield. In the case of SKFE, the regression
analyses of the collected data revealed that all SFE parameters had significant effects
(p < 0.05) on the yield of SKFE and the total model was mainly affected by linear and
quadratic terms. The total model was highly significant (p = 0.001), and a full model can be
presented using Equation (4). The R2 value for this model was 0.9291.

YSKFE = −48.641575 + 1.767577X1 + 0.508405X2 + 4.228512X3 − 0.016315X2
1 − 0.0008774X2

2 − 0.0882784X2
3

−0.000356X1X2 − 0.056812X1X3 − 0.000251X2X3
(4)

Preparation of AMFE using SFE method was significantly (p < 0.05) affected by the
temperature of the extraction, whereas pressure and fluid flow rate seemed to be nonsignif-
icant. The total model was significant (p < 0.05); however, only quadratic terms showed
significant effects. A full model for AMFE can be presented using Equation (5) with R2

value of 0.9458.

YAMFE = −72.441290 + 2.839923X1 + 0.434073X2 + 2.317291X3 − 0.027195X2
1 − 0.006639X2

2 − 0.198606X2
3

−0.000501X1X2 − 0.017653X1X3 − 0.005399X2X3
(5)

MJFE was prepared from Majdool fruit flesh using the designed experiment. Tem-
perature and CO2 flow rate were significant (p < 0.05) process variables. The linear and
quadratic interaction during regression analysis revealed significant impact. The total
model (R2 value: 0.9419), as presented using Equation (6), was also significant (p < 0.05).

YMJFE = −48.828114 + 2.224780X1 − 0.437084X2 + 4.937134X3 − 0.022949X2
1 + 0.002444X2

2 − 0.070720X2
3

+0.008355X1X2 − 0.046149X1X3 − 0.046830X2X3
(6)

The SFE model (Equation (7)) for extract yield (SGFE) can be presented using the
following equation (R2 value: 0.9350), and it was observed that, like the majority of other
date flesh extract data, the linear and quadratic terms demonstrated a significant effect
on the response variable, i.e., the yield of the extract. Temperature seemed to be the most
significant (p = 0.0002) process variable during SFE for SGFE.

YSGFE = −56.097246 + 2.078330X1 + 0.274720X2 + 5.538783X3 − 0.020790X2
1 − 0.005262X2

2
−0.114781X2

3 + 0.004509X1X2 − 0.038622X1X3 − 0.071940X2X3
(7)

In general, temperature and pressure were the most important process variables during
SFE using CO2, in addition to various other factors (time, cosolvent, CO2 flow rate, etc.)
that could have affected the extraction of natural antioxidants from different types of plant
material [14,18,25]. During the extraction of carotenoids and other bioactive compounds,
temperature and pressure were observed to be the main variables affecting the extract
yield [28]. The relationship of SFE pressure and temperature for the extract yields from flesh
of four different date fruits can be presented by response surface plots (Figure 2) obtained
using regression analysis data and according to the models presented in Equations (4)–(7).
As can be observed from data in Table 1 and Figure 2, the yields of extracts first increased
with increasing temperature at fixed pressure and the maximal yields were obtained at
an SFE temperature of 52.50 ◦C and pressure of 27.50 MPs. Regarding CO2 flow rate, the
highest extract yields were obtained when the flow rate was kept at 5 mL/min and this
was the highest rate used among all 18 trials. We observed that higher temperatures (60–70
◦C) did not seem to have positive effects on the extracts’ yields. The SFE extracts prepared
during experimental run 18, demonstrating the maximal extract yields for all four types of
date fruit flesh, were considered optimal in the current study. The high extract yields in run
18 indicate that the levels of process variables chosen in this run and their combinations
proved the best to maximize extract yields from date flesh. However, as the process was
optimized only for the global, it may be important that bioactive compound (phenolics,
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flavonoids, carotenoids etc.) yields be considered a response variable in place of extract
yield.
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Global extraction yield is an important response variable when it comes to optimiza-
tion of an extraction process, as it generally directly relates with the yield of individual
phytochemicals and natural antioxidants from plant matrices [29].

3.2. Compairson of Different Techniques for the Extraction Yields from Date Flesh

SFE is believed to yield extracts with greater purity and higher biological activity [28].
However, other techniques, such as subcritical CO2, can also be recommended [18]. The
optimized extraction yields, as obtained during run 18 in Table 1, were compared with
those obtained from two other techniques i.e., Soxhlet and subcritical CO2 (SubCO2), as
optimized in other studies [18,19]. The results for extraction yields from three different
techniques employed in the current study are presented in Table 2.
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Table 2. Date flesh yield (%) obtained using Soxhlet, subcritical CO2 (SubCO2) and supercritical
fluid-CO2 (SFE) extraction methods.

Sample

Extract Yields (%)

Soxhlet
(70 ◦C for 12 h, n-Hexane)

SubCO2
(250 Cycles, 29 ◦C, 6.8 MPa,

Ethanol (95%) as Co-Solvent)

SFE
(52.5 ◦C, 27.50 MPa, 5 mL

CO2/min)

Sukari seed 1.92± 0.08 bC 3.68 ± 0.76 abB 11.13 ± 1.65 abA

Ambara seed 2.17 ± 0.16 aC 4.19 ± 0.57 aB 10.23 ± 0.46 bA

Majdool seed 0.44 ± 0.05 dC 2.75 ± 0.67 cB 11.86 ± 0.89 aA

Sagai seed 1.46 ± 0.13 cC 3.52 ± 0.52 bB 10.90 ± 0.95 abA

Values shown here are means ± standard deviations (SD). Means with different small letter superscripts in the
same column are significantly different (p < 0.05). Means within rows with different capital letter superscripts are
significantly different (p < 0.05).

It was observed that the extract yield obtained using SFE was significantly (p < 0.05)
higher than the other two methods in each type of date flesh. Moreover, the extract yields of
the SubCO2 method were significantly (p < 0.05) higher than those using Soxhlet method. In
addition to the effects of extraction technique used, significant differences in extract yields
were observed within date fruit cultivars within the same technique owing to the possibility
of differences in fruit matrices and compositional variations. The beneficial effects of
SubCO2 and SFE in the recovery of extracts from all the varieties were quite evident. In the
present study, SubCO2 method, an advanced technique based on Soxhlet method using
liquid CO2 and pure ethanol as cosolvent, significantly improved the solvating properties of
CO2 at 29 ◦C [15,30]. The Soxhlet method, using n-hexane along with higher temperatures
(70 ◦C), may be considered environmentally toxic and energy intensive [31]. In the present
study, the high temperature method seemed to be less beneficial (0.44–2.17% yield) for
extraction from date flesh, whereas it showed higher extraction yields (93.44–5.66%) from
date seed in a previous study [18], proving the significance of plant matrix during extraction.
Majdool flesh showed the lowest extract yields in comparison to the other three date
flesh types during the Soxhlet and SubCO2 methods. However, Majdool extract yield
was the highest when obtained using SFE, proving the importance of selection of the
appropriate optimized method for each type of plant material. A general concept that
higher temperatures positively affect extraction yields [22,32] was also contradicted here.
We inferred that solubility properties of CO2, both in subcritical (2.75–4.19% yield) and
supercritical (10.23–11.86% yield) states, showed profound improvements in date flesh
extract recovery at lower temperatures in comparison to the Soxhlet method. Extraction
pressure (SubCO2 and SFE systems) also showed positive effects on extraction yields.
The application of high pressure during extraction of phytochemicals may cause cell
disruptions and structural modification in the plant matrix, increasing the density of
solvent and improve the CO2 solubility strength [11,17,18]. Other plant matrices, such
as feijoa leaf [33] and date seed [18], also showed significant improvements in extract
yields due to pressure and the use of CO2 as solvent, as compared to low pressure and
organic solvent high temperature methods (Soxhlet). SubCO2 was previously used as
pretreatment for enhanced recovery of sugars from date fruit flesh. It is expected to
enhance the recovery of bioactive compounds from date flesh, despite the fact that the
global extract yield from date flesh is considerably lower than SFE [30]. It was clear that
the extraction yield of date flesh using the Soxhlet system was very low compared to green
extraction methods (SFE, SubCO2). Furthermore, it makes use of toxic organic solvents,
such as n-hexane in the current study, whereas ethanol was used as cosolvent or modifier
in SFE and SubCO2 systems. Organic solvents (30% ethanol in SFE and 99.9% ethanol in
SubCO2) were used as modifiers/cosolvents in current study. A modifier or cosolvent is
used to improve the solubility power of CO2 for extraction of phytochemicals [13]. Ethanol
is generally considered a nontoxic, food pharmaceutical-grade and environment friendly
alcohol [11,32].
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3.3. Phytochemicals and Their Contents in Date Flesh Extracts

Date flesh is the edible part of date fruit and contains sugars, essential and nonessential
amino acids, dietary fiber, vitamins, minerals and phytochemicals, including phenolic
antioxidants, tannin-based pigments, carotenoids and epicatechin oligomers [5,6]. In the
current study, date flesh extracts were prepared using different techniques from four
different date verities. The extracts were evaluated for total phenolic compounds (TPC),
total flavonoids (TFC), total anthocyanins (TAC) and total carotenoids contents (TCC). The
results for these quantitative analyses are presented in Table 3.

Table 3. Antioxidants and bioactive compounds of date fruit flesh extracts from four date varieties
subjected to different extraction methods.

Extraction
Technique Date Extract Total Phenolics

(mgGAE/100 g)
Total Flvonoids
(mgQE/100 g)

Total Anthocyanins
(mg/100 g)

Total Carotenoids
(mgBCE/100 g)

Soxhlet

SKFE 198.24 ± 1.77 i 98.67 ± 1.49 h 0.41 ± 0.01 i 1.33 ± 0.04 j

AMFE 204.37 ± 1.04 i 82.12 ± 0.98 i 0.62 ± 0.02 f 1.40 ± 0.03 i

MJFE 221.06 ± 2.94 h 123.94 ± 2.19 g 0.52 ± 0.02 g 1.24 ± 0.03 k

SGFE 186.37 ± 1.05 j 85.83 ± 0.70 i 0.48 ± 0.02 g 1.48 ± 0.03 h

SubCO2

SKFE 426.14 ± 5.30 b 199.01 ± 4.04 b 0.92 ± 0.02 e 2.15 ± 0.06 g

AMFE 316.01 ± 3.34 f 157.50 ± 2.24 e 1.38 ± 0.03 a 2.85 ± 0.04 a

MJFE 447.32 ± 4.43 a 215.28 ± 4.53 a 0.98 ± 0.03 d 2.59 ± 0.03 c

SGFE 335.51 ± 5.72 e 166.32 ± 4.07 d 1.29 ± 0.05 b 2.67 ± 0.03 b

SFE CO2

SKFE 346.35 ± 2.32 d 180.31 ± 2.03 c 0.98 ± 0.04 d 2.26 ± 0.02 f

AMFE 300.77 ± 1.77 g 152.88 ± 2.53 e 1.34 ± 0.03 ab 2.36 ± 0.01 e

MJFE 375.25 ± 5.06 c 137.45 ± 2.04 f 1.02 ± 0.05 d 2.53 ± 0.03 d

SGFE 325.71 ± 1.34 ef 123.13 ± 1.98 g 1.22 ± 0.03 c 2.39 ± 0.05 e

Values shown here are means ± SD. SubCO2: Subcritical CO2 extraction; SFE CO2: Supercritical fluid extraction;
SKFE: Sukari Flesh Extract; AMFE: Ambara Flesh Extract; MJFE: Majdool Flesh Extract; Sagai Flesh Extract. Means
with small letters superscripts in columns are significantly different (p < 0.05).

3.3.1. Total Phenolics and Total Flavonoids

Among phytochemicals, phenolic compounds are dominant. They are considered
non-nutrients, but are very important due to the health benefits associated with their
consumption [34]. TPC of date flesh extracts obtained using three different techniques
are presented in Table 1. As can be observed, date flesh is a good source of these natural
antioxidants, and extraction methods significantly (p < 0.05) affected their contents in the
extracts from the flesh of Saudi date fruit. TPC ranged between 186.37–447.32 mgGAE/100 g
among 12 extract samples, where SubCO2 extracts showed higher contents than in extracts
prepared using other methods. Significant (p < 0.05) differences in TPC of fruit from
different varieties were also observed. Majdool date flesh seemed to be particularly rich
in these compounds. Extraction methods seemed to considerably improve the recovery
of these compounds from date flesh. SKFE, when prepared using the Soxhlet method,
contained 198.24 mgGAE/100 g of TPC, which increased to 426.14 mgGAE/100 g when
the SubCO2 method was applied for their recovery from date flesh matrix.

The second most abundant group of phytochemicals detected in date flesh extract
was TFC. Similar to phenolics, flavonoids are considered as polyphenols with valuable
biological properties that are beneficial for human health [35]. Significant (p < 0.05) dif-
ference were observed in TFC of date flesh extracts depending on the variety of fruit and
the extraction methods used. Majdool seemed to be the richest source, and SubCO2 the
best extraction method, in the current study. The minimum (85.83 mgQE/100 g) TFC were
observed in SGFE, whereas those of MJFE were the highest (215.28 mgQE/100 g), among
the studied samples.

Considering the TPC and TFC of the date flesh extracts, it could be inferred that
the SubCO2 technique could be a good process for maximizing their recovery. Other
modified processes, such as subcritical water extraction (SCWE), could also be used [36].
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Application of SCWE was previously reported for the recovery of phenolic compounds
from microwave pretreated date fruit pulp (MW-FP), which significantly improved their
recovery in comparison to conventional methods [37]. Both SubCO2 and SFE techniques
were found to be more effective for the recovery of phenolic and flavonoids compounds
using less energy-extensive methods than Soxhlet. The process used lower extraction
temperatures and can be considered a green method for obtaining phytochemical-rich
extracts from date flesh [38–40].

3.3.2. Total Anthocyanins and Total Carotenoids

The total anthocyanin (TAC) and total carotenoids contents (TCC) in date fruit flesh
extracts from three different extraction methods are shown in Table 3. The detected TAC
in date fruit flesh were in the range of 0.41–1.38 mg/100 g. The recovery of TAC was
significantly (p < 0.05) higher when SubCO2 and SFE techniques were used for their re-
covery. The varietal differences among TAC were also evident, with Ambara date flesh
showing higher contents of anthocyanins. Among TCC results, the SubCO2 AMFE showed
the highest contents (2.85 mgBCE/100 g), whereas the lowest TCC (1.24 mgBCE/100 g)
was detected in Soxhlet MJFE. Similar to the TAC, TCC of SubCO2 and SFE extracts were
significantly higher than those prepared using Soxhlet. Both anthocyanins and carotenoids
are important phytochemicals with various reported health benefits. Anthocyanins, pig-
mented natural antioxidants, have been studied for their antioxidative, anti-inflammatory
and cancer-preventive properties using different in vivo and in vitro methods [41,42]. Sim-
ilar to anthocyanins, carotenoids are also colored compounds or natural pigments with
reported health benefits [43]. The TAC and TCC reported in the present study were in
accordance with other reports. Fard, Khasab, and Khalas date varieties were observed to
contain 0.24−1.52 mg/100 g and 1.31−3.03 mg/100 g of TAC and TCC, respectively [44].
Babova et al. [45] used both supercritical and subcritical CO2 for the extraction of antho-
cyanins and other polyphenolic antioxidants from bilberry fruit. A combined process
(SFE and SubCO2) was used to improve the selectivity and recovery of phytochemicals
from bilberry. This approach resulted in improved extraction selectivity for anthocyanins,
cyanidin-3-O-glucoside, and cyanidin-3-O-arabinoside. Other phenolic antioxidants, in-
cluding delphinidin-3-O-glucoside, ellagic acid pentoside, feruloyl hexoside and several
quercetin glycosides, were also selectively extracted.

3.4. Biological Activities of Date Flesh Extracts

The human body undergoes various degenerative phenomena as a result of free
radicals. These free radicals are responsible for different deleterious oxidation reactions.
Phytochemicals, such as those detected in date fruit flesh extracts, as well as certain vita-
mins, enzymes and amino acids, help in the eradication of such reactive species or help
increase the human body’s immunity [46]. The research on in vitro estimation of the abil-
ity of different phytochemical and natural extracts to fight against oxidative processes
is important. It was observed that extracts from the flesh of date fruit contained large
amounts of phytochemicals, hence, their biological activities were determined using differ-
ent in vitro assays, including phosphomolybdenum complex method (antioxidant), free
radical scavenging activity (DPPH), ferric-reducing antioxidant power (FRAP), and ABTS
cation radical-scavenging (ABTS). The results are summarized in Table 4. These assays
are based on calorimetric principles and involve finding the abilities of phytochemicals
to prevent the activities of the oxidation causing agents or reactive species such DPPH
radicals, ferric and ABTS ions [46].
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Table 4. Biological properties and antioxidant potential of date flesh extracts obtained using different
extraction techniques.

Extraction
Techniques Date Extract Antioxidant

(µgAAE/mL)
DPPH IC50

(µg/mL)
FRAP

(mmolTE/100 g)
ABTS

(µmolTE/100 g)

Soxhlet

SKFE 23.90 ± 1.50 f 158.41 ± 3.05 d 2.41 ± 0.05 j 474.64 ± 13.08 g

AMFE 17.79 ± 0.69 g 179.48 ± 1.51 b 2.57 ± 0.03 i 486.37 ± 9.84 g

MJFE 27.59 ± 1.60 e 170.09 ± 1.48 c 2.93 ± 0.03 h 574.22 ± 6.63 f

SGFE 22.44 ± 1.70 f 191.36 ± 2.10 a 2.18 ± 0.04 k 444.75 ± 4.92 h

SubCO2

SKFE 38.91 ± 2.89 bc 44.65 ± 1.25 h 5.01 ± 0.07 a 789.04 ± 13.65 c

AMFE 30.24 ± 2.58 e 63.15 ± 1.56 f 3.79 ± 0.06 f 669.10 ± 11.33 e

MJFE 45.08 ± 1.53 a 34.66 ± 1.68 j 4.66 ± 0.16 b 883.96 ± 10.58 a

SGFE 36.72 ± 1.60 cd 53.20 ± 1.67 g 3.8 ± 0.14 f 594.16 ± 7.26 f

SFE CO2

SKFE 29.17 ± 1.69 e 86.14 ± 1.56 e 3.61 ± 0.03 g 715.76 ± 6.24 d

AMFE 35.56 ± 2.51 d 46.43 ± 1.33 h 3.95 ± 0.04 e 655.85 ± 12.31 e

MJFE 40.17 ± 1.01 b 40.18 ± 0.44 i 4.25 ± 0.04 c 848.31 ± 22.16 b

SGFE 34.40 ± 0.73 d 54.60 ± 1.45 g 4.10 ± 0.06 d 584.31 ± 9.87 f

Values shown here are means ± SD. SubCO2: Subcritical CO2 extraction; SFE CO2: supercritical fluid extraction;
Antioxidant: phosphomolybdenum complex antioxidant activity; DPPH: DPPH free radical scavenging activity;
FRAP: ferric reducing antioxidant power and ABTS: ABTS cation radical-scavenging; SKFE: Sukari Flesh Extract;
AMFE: Ambara Flesh Extract; MJFE: Majdool Flesh Extract; Sagai Flesh Extract. Means values carrying different
small letter superscripts in columns are significantly different (p < 0.05).

3.4.1. Antioxidant Activity Using Phosphomolybdenum Complex

The data presented in Table show that the antioxidant activity of date flesh extracts was
significantly (p < 0.05) affected by the extraction technique used. The antioxidant activity
ranged from 17.79 in Soxhlet-AMFE to 45.08 µgAAE/mL in SubCO2-MJFE. The SubCO2
method seemed to be the best for SKFE, MJFE and SGFE in terms of their antioxidant
activity. The SFE method enhanced the antioxidant activities (35.56 µgAAE/mL) of AMFE
in comparison to Soxhlet and SubCO2 methods, where it was 17.79 and 30.24 µgAAE/mL,
respectively.

3.4.2. Scavenging Activity against DPPH Radicals

The ability of date flesh extracts to scavenge free DPPH radicals was expressed using
IC50 values, i.e., the antioxidants’ quantity in the extract for 50% reduction in DPPH
radicals. A lower IC50 value indicated that lesser amounts of antioxidants were needed
in free radical scavenging, indicating their higher antiradical ability [18]. Both SubCO2
and SFE extracts had significantly higher ability to scavenge free radicals or lower IC50
values than Soxhlet extracts. The lowest IC50 value was in 34.66 µg/mL in SubCO2-MJFE
followed by 40.18 µg/mL in SFE-MJFE. Under each extraction technique, MJFE showed
better antiradical activity then other date flesh extracts obtained by the same method.
Furthermore, the ability of date flesh extracts to scavenge DPPH radicals was superior
than date seed extracts, as observed in a previous study [18], in which seed extracts had
109.69 µg/mL of IC50 value in SubCO2 extracts of Majdool seed and the highest IC50 value
(353.83 µg/mL), or the weakest potential against DPPH free radicals, was observed in
extracts of Sagai date seed. We may infer that both seed and flesh extracts of Majdool dates
have good antioxidant and antiradical potential. MJFE also demonstrated the presence
of higher amounts of phenolics and flavonoids (Table 3) and it is probable that these
phytochemicals contributed to the higher antioxidant potential of these dates.

3.4.3. Reducing Ferric to Ferrous Ions

In the FRAP test, the antioxidants present in plant extracts can transfer an electron,
which results in the reduction of ferric ions (Fe3+) to ferrous ions (Fe2+) [46]. The FRAP val-
ues of date flesh extracts (Table 4) ranged from 2.18 in Soxhlet-SGFE to 5.01 mmolTE/100 g
in SubCO2-SKFE. The highest FRAP value (4.25 mmolTE/100 g) among SFE extracts was
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shown in the case of MJFE, whereas the FRAP potential of the same extract, when prepared
using Soxhlet, was 2.93). Hence, significant (p < 0.05) improvements were observed when
SFE and SubCO2 were used for extract preparation from date flesh. The FRAP values of
flesh extracts of all other dates were also higher in SFE and SubCO2 extracts in comparison
to their Soxhlet counterparts. The differences in FRAP values could be related to the date
variety; however, extraction method seemed to play a major role. Similar results were
obtained in previous studies where both extraction methods and plant variety seemed to
affect the FRAP of the extracts [47,48].

3.4.4. Antiradical Activity against ABTS Cations

This test can be referred to as a mixed assay, as it involves the transfer of both electrons
and a hydrogen atom from the main reagent, 2,2′-Azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid (ABTS), during its reaction with antioxidants present in phytochemical-rich
extracts [49,50]. The date flesh extracts prepared in the current study, using different extrac-
tion techniques and date varieties, showed substantial ABTS cations scavenging abilities.
The SubCO2 and SFE extraction methods showed significance (p < 0.05) in the abilities of
date flesh extracts to scavenge ABTS cations, when compared with Soxhlet extract. The
lowest (444.75 µmolTE/100 g) activity was observed in Soxhlet-SGFE, whereas the highest
(883.96 µmolTE/100 g) was observed in SubCO2 MJFE. MJFE showed higher ABTS cation
scavenging activity in each extraction method, whereas SGFE showed the lowest values
in each extraction category. SKFE also showed good ABTS potential among each extrac-
tion category. The use of innovative techniques for the extraction of phytochemicals can
increase their recovery which, in turn, results in improvement of their biological potential.
Bioactive compound quantities and antiradical activity against ABTS cations were reported
to increase in date fruit extracts prepared using the subcritical water extraction method in
another study [37].

The biological activities reported here have been previously studied for different fruit
extracts. Generally, they are associated with the presence of polyphenolic antioxidants and
other phytochemicals as is the case with bilberry fruit extracts prepared using SFE and
SubCO2, where the antioxidant properties were closely associated with the presence of
phytochemicals such as cyanidin-3-O-glucoside, delphinidin-3-O-glucoside, chlorogenic
acid, caffeic acid derivatives, flavonoids, proanthocyanidins, ellagic acid and other phenolic
acids [45]. These compounds have been reported to neutralize reactive oxygen species
and inhibit their formation. Furthermore, these phytochemicals, and others (such as those
reported here in SKFE, AMFE, MJFE and SGFE) may induce DPPH radical scavenging,
ferric chelation and ABTS cation scavenging [51]. The phytochemicals present in fruit
extracts are rich in phytochemicals which can impart anti-inflammatory effects, thereby
preventing cell degeneration, offering treatment of diabetes, and suppressing cancer cell
invasion [52–54]. In the current study, the SubCO2 extraction method seemed to be the
best for extracting higher amounts of phytochemicals with better bioactivities. Majdool
date, which is also known as Mejdool and Mahjool, seemed to have the highest contents
of bioactive compounds, with significantly higher antioxidant effects than the remaining
studied date varieties. Majdool is a globally-demanded date fruit due to its large size and
soft fruit. Current studies have reported it as an excellent source of nutraceuticals [55].
The higher yields of phytochemicals and increased activities in extracts from date flesh
using SFE and SubCO2 methods in comparison to Soxhlet (which may extract nonpolar
compounds) might be a result of extraction of both polar and nonpolar compounds due to
combined temperature and pressure effects (SFE and SubCO2 methods), as reported in other
studies [56,57]. Further studies may be carried out for detailed analytical characterization
of different bioactive compounds and any other toxic components, if present in the date
flesh extracts, using chromatographic analytical techniques.



Processes 2022, 10, 2224 14 of 16

4. Conclusions

Date fruit is a good source of phytochemicals with valuable antioxidant properties,
which may make it suitable for functional food and nutraceutical applications. Such appli-
cations could be made more effective and beneficial if these phytochemicals were recovered
using safe and innovative extraction techniques. Date fruit flesh from four different date
varieties was extracted in order to analyze their bioactive compounds using conventional
and modern extraction processes—i.e., Soxhlet and supercritical/subcritical (SFE/SubCO2)
techniques. The extraction yields from modern methods were found to be significantly
higher than those from the conventional method. The SFE process was optimized using re-
sponse surface optimization technique. It was observed that low temperature SFE (57.5 ◦C)
and SubCO2 (29 ◦C) methods were more effective in the recovery of phenolics, flavonoids,
anthocyanins and carotenoids from date flesh than high temperature (70 ◦C) Soxhlet meth-
ods, as the quantities of all these bioactive compounds were higher when pressure-assisted
innovative/green methods were used. The functional qualitiesd of date flesh extracts
were also assessed using in vitro procedures for biological/antioxidant properties, i.e., the
phosphomolybdenum complex, DPPH, FRAP and ABTS methods. It was observed that
date flesh extracts prepared using both SFE and SubCO2 methods were of significantly
improved quality in terms of these properties. In addition to these beneficial effects of
extraction methods, varietal influences on the qualitative and quantitative aspects of date
flesh were also observed. Majdool date flesh extract was richer in bioactive compounds
than Sukari, Ambara and Sagai date flesh extracts. As there is generally a correlation
among bioactive compound contents and functional properties of the extracts, Majdool
flesh extracts showed better antioxidant properties. Further studies based on utilization
of these extracts in functional foods could be carried out. A more detailed analytical
characterization of date flesh extracts using chromatographic procedures would also help
in understanding the selectivity of the extraction techniques and the possible effects of
individual compounds on the antioxidant properties of date flesh extracts.
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