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Abstract
The goal of this study was to optimize an innovative ultrahigh-pressure–assisted extraction method for phenolic compounds of
date palm (Phoenix dactylifera L.) using response surface methodology (RSM). A four-factor-three-level Box–Behnken design
(BBD) was used to test the following extraction parameters: ethanol concentration (X1), solvent to sample ratio (X2), temperature
(X3), and pressure (X4). Analysis of variance (ANOVA) results revealed that the main treatment X1, X2, and X4 significantly
affected extraction yield, while X3 did not. The optimum response for the combination of phenolic compounds and antioxidant
activity was obtained with following extraction parameters predicted by the model: X1 = 60.54% (v/v), X2 = 70mL/g, X3 = 65 °C,
and X4 = 600 MPa. These parameters were validated in an additional experiment carried out under the optimal conditions given
by experimental results; the experimental values obtained were in close agreement with the predicted values. This suggests that
the RSMBBDmodel described in this work is an efficient quantitative tool to predict the extraction efficiency of polyphenols and
antioxidants capacity from date palm fruit.

Keywords Date palm . Ultrahigh-pressure–assisted extraction . Phenolic compounds . Antioxidant activity . Response surface
methodology

Introduction

Among natural sources, and for thousands of years, date palm
(Phoenix dactylifera L., Arecaceae) has played an important
role in the development of human societies due to its

significant nutritional and economic value (Chandrasekaran
and Bahkali 2013). Recently, special attention was given to
health benefits of date palms, as well as the identification and
quantification of different classes of bioactive compounds it
contains (Chaira et al. 2009). Several studies have shown that
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dates provide many heal th benef i ts and display
immunost imulant , ant imutagenic, ant imicrobial ,
antiinflammatory, anticancer, and gastrohepatoprotective
properties (Tang et al. 2013). Previous reports have also sug-
gested that date fruit may provide cardiovascular protection
(Al-Yahya et al. 2016). The high polyphenol content of the
fruit is most probably responsible for these therapeutic effects
(Al-Farsi and Lee 2008); date palm accumulates phenolic
compounds to protect themselves from extreme temperature
and arid climate (Vinson et al. 2005).

The first and most important step in the recovery and puri-
fication of bioactive compounds from plant materials is ex-
traction, which conventionally is made by maceration, distil-
lation, or Soxhlet reflux extraction. These methods are ham-
pered by long extraction periods and low extraction efficiency
(Xu et al. 2017). In this respect, an optimized large-scale ex-
traction procedure should have high efficiency in the shortest
processing time possible. A new extraction technique is
gaining credence for the extraction of target compounds from
different plant materials. Ultrahigh-hydrostatic pressure
(UHP) extraction is an emerging technology increasingly used
in the food industry for several processes like cold pasteuriza-
tion (Mújica-Paz et al. 2011) and has been recognized as an
environment-friendly technology by the US Food and Drug
Administration (Joo et al. 2011). UHP extraction technique
offers many advantages like short extraction time, high extrac-
tion yield, higher purity, high reproducibility, simplified ma-
nipulation, and low energy input, as well as reduced solvent
consumption. In addition, it can be carried out at lower tem-
peratures, avoiding thermal denaturation, and structural
change of thermosensible molecules of an extract (Lee et al.
2011). UHP extraction technique was utilized for the first time
in 1994 on onions plant (Butz et al. 1994). Since this study and
due to its efficiency, this technique has been employed for the
extraction of several bioactive compounds such as phenolic
compounds from Pinus densiflora root (Joo et al. 2011), green
tea (Xi et al. 2013), fig byproducts (Alexandre et al. 2017),
and watercress (Pinela et al. 2018); flavonoids from Laoying
tea (Ji et al. 2011); berberine from Cortex phellodendri
(Guoping 2012); and ginsenosides from ginseng (Lee et al.
2011) and ginseng root (Chen et al. 2009). In the study of
Chen, an additional and important advantage was reported,
in addition to other advantages cited above, and which
concern mechanical effects of ultrahigh pressure that
enhances penetration of solvent into cellular material
improving then the release of cell compounds. To prove this
phenomenon, Chen et al. (2009) performed scan electron
micrography of ginseng root treated with UHP only for
5 min at 200 MPa and 60 °C that showed a big destruction
of cell tissues with hollow breaks and very small particles with
comparison with untreated or ginseng root treated with heat
reflux extraction. This confirm that the damage caused by
UHP on cell walls of the plant material is considerable leading

to a subsequent change in the surface tension that facilitates
then the diffusion and osmotic process and greatly improve
extraction of biocompounds (Lee et al. 2011; Zhang et al.
2012). This advantage lead then to another one which is the
absence of impurities in the extraction solvent that enhance
then the quality of the extract (Wang et al. 2018).

In previous studies, UHP extraction parameters were opti-
mized by a tedious and time consuming one-factor-at-a-time
approach (Prasad et al. 2009). Thus, in order to optimize the
extraction of polyphenol compounds and antioxidant activity,
we optimized the extraction conditions using a response sur-
face methodology (RSM) which is a time- and reagent-saving
statistical approach increasingly used in process optimization.
By using this method, we tested different solvent concentra-
tion, solvent to sample ratio, temperature, and pressure rate
(Alexandre et al. 2017) parameters that affect the extraction
yield. RSM allow the evaluation of the effects of multiple
variables and their interactions on extraction responses. It
has been successfully used to optimize the extraction of phe-
nolic compounds from many plants (Belwal et al. 2016; Chen
et al. 2018; Espada-Bellido et al. 2017). Generally, there are
three most common types of RSMmodels which are the three-
level factorial, the central composite, and the Box–Behnken
design (Baş and Boyacı 2007). The latest was used in this
study, because it enables the determination of optimum pa-
rameters with a minimal number of experiments compared
with other designs.

To our knowledge, this is the first study aimed at the opti-
mization of polyphenolic compounds and antioxidant activi-
ties extraction from date palm fruit using ultrahigh-pressure
extraction technology and response surface methodology.
Hence, the objective of this study is to explore and to optimize
extraction parameters including ethanol concentration, liquid/
solid ratio, temperature, and pressure by using the RSM Box–
Behnken design (BBD) tool to obtain the highest polypheno-
lic content and antioxidant activity from palm dates. Then, we
hypothesize that the predictive values obtained by RSM BBD
methodology agrees with the experimental values and that this
statistical tool is a valid optimization model for the extraction
of polyphenolic compounds and antioxidant activities from
palm date fruit.

Materials and Methods

Plant Materials

Palm dates were collected from the crops of 2017/2018 at the
arid region of Kebili (Tunisia). Samples of palm date Degelt
Nour variety were pitted and washed with distilled water.
Then, samples were cut and kept in the freezer (− 80 °C)
overnight. After that, samples were lyophilized and then
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ground using a household grinder to obtain a fine powder. The
lyophilized samples were kept at − 20 °C until extraction.

Chemicals and Reagents

Ethanol (100 %) used for extraction were obtained from Les
Alcools du Commerce Inc. (Boucherville, Canada). Deionized
water was prepared using a MilliQ water purification system
from Millipore (Etobicoke, Canada). Folin–Ciocalteu reagent,
sodium carbonate (Na2CO3), gallic acid, and DPPH (2,2-
diphenyl-1-picrylhydrazyl) were purchased from Sigma–
Aldrich (Canada), 4-Dimethylaminocinnamaldehyde
(DMAC) was from Sigma–Aldrich (St Louis, MO, USA),
procyanidin A2 (HPLC; purity > 99%) was purchased from
Extrasynthèse, Genay Cedex, France.

Ultrahigh Hydrostatic Pressure Extraction

The ultrahigh pressure apparatus was purchased from ISO-
LAB' model S-IL-085-O9-AO (Stansted, Essex, UK). The
principle of UHP is based on increasing the pressure (usually
100 to 1000 MPa) of a pressure transmitter liquid. A homo-
geneous pressure is then applied at every point of the product
tominimize its deformation. The treatment time varies accord-
ing to the applications. The process can be used with or with-
out heat. The specifications of this equipment were 500 mL,
effective volume of the vessel; 900 MPa, maximal working
pressure; 30 mm, vessel inner diameter; water and glycol (20/
80, v/v), pressure transmitting media.

For the extraction process with UHP, 1 g of the dried palm
date powder was placed in a sterile polyethylene bag contain-
ing aqueous ethanol in desired proportion and volume. The
bag was sealed after removing bubbles from the inside and
loaded into a pressure tank which was equipped with release
pressure valves and temperature controllers at the top and
bottom of the vessel to keep desired extraction conditions.
The pressure tank was pressurized with the fluid by an ultra-
high pressure booster pump. According to the experimental
design shown in Table 1, the extraction conditions were eth-
anol concentration (X1, 0–100 %), liquid/solid ratio (X2, 10–
70 mL/g), temperature (X3, 25–65 °C), and pressure (X4, 100–
600MPa). After extraction, the mixture was filtered through a
filter paper. The extract was centrifuged at 4000×g for 10 min,
and the supernatant was stored at − 20 °C until analysis.

Determination of the Total Phenolic Compounds

Total phenolic content (TPC) of different extracts was deter-
mined using Folin–Ciocalteu reagent slightly modified by
Belwal et al. (2016) using gallic acid as a standard. Briefly,
10 μL of extract was mixed with 25 μL of Folin–Ciocalteu
reagent (1 M) and 80 μL of a 7.5% (w/v) Na2CO3 solution;
finally, 85 μL of distilled water was added. The microplate

was incubated in the dark at 30 °C for 30 min. The absorbance
was recorded at 745 nm against a blank. A standard curve was
prepared using gallic acid (0.02, 0.04, 0.06, 0.08, 0.10, and
0.12 μg/mL). The TPC in each sample was expressed as mil-
ligrams of gallic acid equivalents per 100 g of dry weight (mg
GAE/100 g DW). All measurements were performed in
triplicate.

Determination of the Proanthocyanidin Content

Proanthocyanidins (PACs) were determined using 4-
dimethylaminocinnamaldehyde (DMAC) colorimetric meth-
od (Prior et al. 2010). Briefly, 70 μL of PAC’s extract sample
was mixed with 210 μL of DMAC solution. The microplate
was incubated for 25min. The absorbance against a blank was
recorded at 640 nm. A standard curve was prepared using
procyanidin A2. The PACs content in each sample was
expressed as milligrams of procyanidin A2 equivalents per
100 g of dry weight (mg procyanidin A2/100g). All measure-
ments were performed in triplicate.

DPPH Radical Scavenging Activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scav-
enging activity was assessed according the method of Hatano
et al. (1988). Briefly, 1 mL of extract was mixed with 250 μL
of freshly prepared DPPH solution (0.2 mM inmethanol). The
mixtures were shaken vigorously and incubated for 30 min at
room temperature in the dark. The absorbance was measured
at 517 nm against a blank. The radical scavenging activity
represented as percentage of inhibition was expressed as per-
centage of DPPH radical elimination calculated according to
the following equation:

Percent inhibition %ð Þ ¼ 1−
Asample

Acontrol

� �
� 100 ð1Þ

Acontrol is the absorbance of the control, and Asample is the
absorbance of the samples. All tests were run in triplicate.

Experimental Design

Selection of Variables

It is known that extraction methods, temperature, solvent to
sample ratio, and solvent concentration are important factors
that significantly affect the extraction yield and phytochemical
contents such as phenolic compounds (Celli et al. 2015; He
et al. 2016). Therefore, for this study, we selected the follow-
ing variables to optimize: ethanol concentration (v/v, %) (X1),
solvent to sample ratio (mL/g) (X2), extraction temperature
(°C) (X3), and extraction pressure (MPa) (X4). Acetone, etha-
nol, and methanol are the most common solvents for
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extraction; however, due to its low toxicity and its food grade
and green manufacturing, ethanol was selected for extraction
in this study (Celli et al. 2015). Ethanol respects principles of
green extraction enumerated by Chemat et al. (2012). It is a
short-chain alcohol that can be produced by fermentative pro-
cesses from renewable sources especially sugar-rich materials
such as sugar beet and cereals and is known to result in good
quality of extracts. It is less flammable than other solvents like
hexane, and it is completely biodegradable. Its low toxicity
allows the administration of ethanolic extracts on cells or in
animals to test their effects without harmful consequences
(Chemat et al. 2012; Scharlack et al. 2017). In addition, etha-
nol has a good solubility rate than other solvents especially
when it is mixed with water and this contributes to a higher

degree of biocompounds extraction (Wang et al. 2018). The
input variables were low, medium, and high levels, and the
time of extraction (10min) were selected based on preliminary
experiments carried out in our laboratory. Each variable coded
at its three levels (− 1, 0, 1) represents lower, middle, and
higher value with X1 (0, 50, and 100 %), X2 (10, 40, and 70
mL/g), X3 (25, 45, and 65 °C), and X4 (100, 350, and 600
MPa).

Box–Behnken Design (BBD) for Extraction Optimization

A response surface methodology (RSM) was used for this
study since it allows the optimization of multiple variables
experiments and to statistically assess the optimum process

Table 1 Run independent variables

Run X1: ethanol
concentration
(%)

X2:solvent/
solid
ratio(mL/g)

X3:
Temperature(°C)

X4:
pressure
(MPa)

TPC (mg/
100 g DWb)

PACs (mg/
100 g DWb)

DPPH (%)

Experimentala Predicted Experimentala Predicted Experimentala Predicted

1 100 40 45 100 62.19 70.20 1.818 1.475 98.21 98.51

2 50 40 65 100 206.66 215.00 9.386 7.574 90.77 91.61

3 0 40 45 100 137.84 111.91 2.818 2.641 80.73 80.86

4 50 10 45 100 197.55 192.99 3.33 5.499 94.19 94.54

5 50 40 25 100 213.41 208.11 6.873 6.354 95.85 95.07

6 50 70 45 100 157.03 176.45 6.362 7.042 92.81 91.93

7 100 70 45 350 59.69 83.42 2.799 4.289 97.13 96.70

8 100 40 65 350 100.65 109.67 2.892 4.053 97.94 96.66

9 50 10 65 350 186.41 185.46 6.882 7.316 94.24 94.22

10 50 10 25 350 190.45 227.12 4.179 4.199 95.12 94.67

11 0 70 45 350 64.86 108.04 1.078 3.226 82.4 80.50

12 50 70 65 350 322.28 253.74 9.532 8.354 90.39 91.81

13 100 10 45 350 68.09 48.22 1.972 0.361 98.5 98.27

14 0 10 45 350 123.78 123.36 2.294 1.342 85.0 83.30

15 50 70 25 350 209.62 178.71 10.564 8.972 91.71 92.70

16 0 40 25 350 143.36 142.87 3.305 2.762 79.33 81.74

17 100 40 25 350 90.6 75.638 1.701 1.983 97.76 98.53

18 0 40 65 350 118.71 142.20 2.855 3.191 81.91 82.27

19 50 40 45 350 187.28 172.39 5.07 6.339 97.3 96.38

20 50 40 45 350 179.3 172.39 7.197 6.339 95.96 96.38

21 50 40 45 350 150.6 172.39 6.751 6.339 95.88 96.38

22 0 40 45 600 152.61 112.74 2.846 2.031 84.56 85.23

23 50 10 45 600 170.06 159.17 4.796 4.734 94.42 96.43

24 100 40 45 600 60.62 54.68 4.261 3.280 97.9 98.74

25 50 70 45 600 182.49 195.58 10.553 9.002 93.87 94.65

26 50 40 25 600 176.0 190.97 4.573 6.922 97.56 94.59

27 50 40 65 600 188.83 217.44 7.144 8.201 98.05 96.70

Box–Behnken design (BBD) for the independent variables and corresponding response values
a Each value is the mean of triplicate measurements
bDW dry weight

TPC total phenolic content, PACs proanthocyanidins, DPPH 2,2-diphenyl-1-picrylhydrazyl free radical scavenging activity
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parameters in a minimum number of runs, contrary to tra-
ditional approaches that test single parameter and observe
the effect of one factor at a time on the variable. In addi-
tion, these conventional methods are unable to detect the
interactions between the different factors tested (Ferreira
et al. 2007).

In general, Box–Behnken design is constructed in such away
that 2k + 2 k + 1 experiments are required for the study where k
represents the number of factors to be studied and with one ex-
periment chosen randomly and repeated three times. Thus, for our
study, a total of 27 experiments were conducted, 16 of which
corresponded to a complete factorial design, eight experiments
as star points and three in the middle factor’s fields (Table 1).

The mean values of dependent parameters obtained from
the triplicates were fitted to a second order polynomial model
as follows:

Y ¼ β0 þ ∑
k

i¼1
βiX i þ ∑

k

i¼1
βiiX

2
i þ ∑

k−1

i¼1
∑
k

j>1
βi jX iX j ð2Þ

where Y is the response variable, Xi and Xj are independent
variables, and k is the number of tested variables (k = 4).

The regression coefficient is defined as β0 for the intercept
and βi for linear, βii for quadratic, and βij for cross-product
terms.

The adequacy of the model was verified using the determi-
nation coefficient R2, the adjusted determination coefficient
Adj.R2 and the lack of fit test. The statistical significance
was supported by a Ftest and their corresponding P value at
the 5% significance level. Analysis based on the response
surface and the desirability function was used to validate the
optimum extraction parameters. The present model was vali-
dated with an experiment, run in triplicate, using the optimal
conditions predicted by the model, and the average values of
the validation experiment were compared with the predicted
values (Dong et al. 2009).

Statistical Analysis

The analysis of variance (ANOVA) (Table 2) was carried out
to determine individual linear, quadratic and interaction re-
gression coefficients using Statgraphics Centurion XV
(Version 15.2.06) and the fitness of the polynomial equation

Table 2 Analysis of variance
(ANOVA) Regression coefficients (β) TPC PACs DPPH

Intercept X0 429.913 3.79496 75.1345

Linear

X1 2.39419* 0.116372 0.408297***

X2 − 3.59612 0.0617266* 0.0909093*

X3 − 9.69585 − 0.104041 0.251379

X4 − 0.142573 − 0.00656783 − 0.0001625*

Quadratic

X1
2 − 0.0350585** − 0.00164947* − 0.00204667**

X2
2 0.00668611 0.0000989815 − 0.00173935*

X3
2 0.0821281 0.00195552 − 0.00364792

X4
2 0.00004224 0.00000226333 − 0.00000676667

Cross product

X12 0.00842 0.0003405 0.000205

X13 0.008675 0.00041025 − 0.0006

X14 − 0.0003268 0.0000483 − 0.0000828

X23 0.048625 − 0.00155625 − 0.000183333

X24 0.001765 0.0000908333 0.0000276667

X34 0.000979 0.0000029 0.0002785

R2 0.8393 0.8140 0.9603

Adj. R2 0.6518 0.5971 0.9140

F value (model) 1.94622 1.64963* 1.52797*

F value (lack of fit) 4.00 2.84 5.80

Regression coefficient (β), coefficient of determination (R2 and Adj. R2 ) and F test value of the predicted second
order polynomial models for the phenolic compounds and antioxidant activities

X1: ethanol concentration (%), X2: solvent to sample ratio (mL/g), X3: temperature (°C), X4: pressure (MPa),

R2 : coefficient of determination

Level of significance: *p < 0.05, **p < 0.01, ***p < 0.001
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to the responses were estimated using the coefficient of deter-
mination (R2). The significance of all the terms of the polyno-
mial equation was analyzed statistically by computing the F
value at p < 0.05. Statgraphics Centurion XV (Version
15.2.06) was also used to generate 3D response surface
graphs.

Derringer’s Desirability Function

The optimum parameters maximizing all responses together in
a single experiment were obtained using Derringer’s desirabil-
ity function. This method converts each response into an in-
dividual desirability function di, ranging from 0 to 1 (from the
lowest to the highest desirability). These individual functions
are then combined into an overall desirability function, D
whereD is the overall desirability, di is the individual response
desirability, and wi is a response weight (Hu et al. 2008; Islam
et al. 2012):

D ¼ dw11 dw22 dwnn
� �1=∑wi ð3Þ

Results and Discussion

Fitting the Model

In the present study, a Box–Behnken design (BBD) was
employed. The experimental conditions and results of 27 runs
are presented in Table 1. A second order polynomial equation
was applied to build a mathematical model to identify the
optimum conditions for each response. The results of
ANOVA are shown in Table 2. The significance of coefficient
was tested using the p value.

The lack of fit of each model was not significant (p > 0.05),
indicating that the developed model adequately explains the
relationship between the independent variables and responses.
The values of determination coefficients (R2) and adjusted
determination coefficients (Adj. R2) were close to 1, which
indicate a high degree of correlation between the experimental
and predicted values. The generated response surface 3D
graphs corresponding to each response show the interactive
effects of the variables (Figs. 1, 2, 3, 4, and Supplementary
material file)

Effect of the Variables on the Phenolic Compounds
Content

Total Phenolic Content

The linear effect of ethanol concentration (X1) and its
quadratic component (X1

2) on TPC were significant
(Table 2). The relationship between TPC and variables

was described as the following second order polynomial
equation:

YTPC ¼ 429:913þ 2:39419X1−3:59612X2−9:69585X3

−0:142573X4−0:0350585X1
2 þ 0:00842X1X2

þ 0:008675X1X3−0:0003268X1X4 þ 0:00668611X2
2

þ 0:048625X2X3 þ 0:001765X2X4 þ 0:0821281X3
2

þ 0:000979X3X4 þ 0:00004224X4
2

The nonsignificant value of the lack of fit (F = 4) indicates
that the model had a good fit prediction (R2 = 0. 8393; Adj.R2

= 0. 6518) (Table 2).
Response surface models adequately predicted the effects

of parameters on total phenolics content of palm date extract.
The third and fourth variables were assigned to be constant at
the optimized setting while three-dimension surface plots
were shown by two independent variables. As shown in Fig.
1a, when the temperature (X3) and pressure (X4) were fixed at
their optimum point (65 °C and 600 MPa respectively), we
predicted that maximum total phenolic extraction could be
achieved when ethanol concentration (X1) was near to 50%
with a maximum of solvent to sample ratio of 70 ml/g. This
could be explained by the fact that a medium ethanol concen-
tration may improve the solvent polarity and solubilize more
polyphenols such as polar and moderately polar compounds
(Alberti et al. 2014). TPC increased to a maximum of ethanol
concentration of 47.80%, and then decreased. In a previous
comparative study, experiments demonstrated that the extrac-
tion of polyphenols from green tea leaves based on high hy-
drostatic pressure process increased with the increase of the
percentage of ethanol in the solvent to reach its maximum at
50% and then decreased above this proportion (Xi et al. 2009).
So, an equilibrated mixture between water and ethanol named
“aqueous ethanol” extracts more efficiently molecules of
polyphenols by increasing their solubility, and their diffusion
and mass transfer rates leading then to high polyphenol ex-
tractability (Richter et al. 1996). In addition, ethanol when is
present at a medium concentration in water may affect the
penetrability of plant cells by disrupting and breaking the ar-
chitecture and the organization of phospholipids that make up
the lipid bilayer of membranes (Gurtovenko and Anwar 2009)
allowing then a better extraction and diffusion of phenolic
compounds. Our observation is in good agreement with the
previous studies (Sang et al. 2017; Xi et al. 2013; Xi and
Wang 2013) which showed that a percentage of 50% in etha-
nol concentration is the optimum point for improving total
phenolic extraction. However, other studies showed that
85% and 75% of ethanol is the adequate proportion for the
extraction of phenolic compounds from Litchi fruit pericarp
and propolis, respectively (Prasad et al. 2009; Shouqin et al.
2005). This difference could be explained by the fact that on
the one hand matrix differ between plants materials and the
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technique of extraction employed may influence the percent-
age of ethanol required for polyphenols dissolution, and on the
other hand, the presence of specific phenolic groups in plant
require a specific ethanol concentration for good extractability
like for example quercetin whose yield extraction is high at a
percentage of ethanol in water above 70% because of its
strong solubility in alcohols (Yang and Zhang 2008).

Total Proanthocyanidins

PACs, also called condensed tannins, are oligomers and poly-
mers of monomeric flavan-3-ols, such as catechin and epicat-
echin (Prior et al. 2010).

In Table 2 the ANOVA revealed significant linear effects
of solvent to sample ratio (X2) and quadratic ethanol concen-
tration (X1

2). The PACs content was expressed by the follow-
ing second order polynomial equation:

Y PACs ¼ 3:79496þ 0:116372X 1 þ 0:0617266X 2

−0:104041X 3−0:00656783X 4−0:00164947X 1
2

þ 0:0003405X 1X 2 þ 0:00041025X 1X 3

þ 0:0000483X 1X 4 þ 0:0000989815X 2
2

−0:00155625X 2X 3 þ 0:0000908333X 2X 4

þ 0:00195552X 3
2 þ 0:0000029X 3X 4

þ 0:00000226333X 4
2

The data fitted well to the model (R2 = 0. 8140; Adj.R2 = 0.
5971), and the F for lack of fit was nonsignificant (F = 2.85)
(Table 2).

Response surface models were used to study the effects of
parameters and their interactions on total PACs extraction
from palm date. The third and fourth variables were assigned
to be constant at the optimum setting while surface plots of
three-dimensions were shown by two independent variables.
As shown in Fig. 2a, when the temperature (X3) and pressure
(X4) were fixed at their optimum points (25 °C and 600 MPa
respectively), maximum PACs were extracted at an ethanol
concentration of 54.57 % and solvent to solid ratio of 69.51
ml/g. PACs content increased with the increase of ethanol
concentration from 0 to 54.57 % and decrease above this
percentage. This effect which is similar to TPC may be attrib-
uted to the adequate polarity of the solvent at medium con-
centration of ethanol which induces PACs extraction by the
principle of dissolution (Tabaraki et al. 2012). Similar results
were reported in the extraction of anthocyanins from red pear
peels (Wang et al. 2016). As described for TPC, this is due to
the adequate polarity of the solvent when ethanol is present at
medium proportion and which enhance dissolution and distri-
bution of PACs in the solvent (Sang et al. 2017). Our findings
are in agreement with a previous study (Ghafoor et al. 2009)
that showed an optimum of 52.35% in ethanol concentration
for maximizing total anthocyanins in grape seeds. Another

recent study (Janceva et al. 2018) that focused on the optimi-
zation of the extraction of proanthocyanidins showed also the
same trend. It is important to note that the amount of antho-
cyanins present in the solvent depends highly on their chem-
ical structure and also their stability which is directly propor-
tional to the content of OH- and OCH3- moieties and acyl
groups, as described in previous study (Corrales et al. 2008)
that showed a high content of acetylglucoside and
coumaroylglucoside anthocyanins after high hydrostatic pres-
sure (HHP) treatment. Moreover, HHP technique leads to an
acidic environment by reducing pH of the solvent due to the
release of phenolics and deprotonation of some molecules of
the extract. Then, acidic solution gives facility to extract acyl-
ated anthocyanins which are stable at acidic pH (Corrales et al.
2008). So, this could explain the presence of some specific
PACs after extraction which depends highly on the technique
of treatment. Concerning solvent to sample ratio, PACs yield
increased by increasing this parameter. This may be explained
by the fact that higher solvent to sample ratio allow solvent to
penetrate into the sample cell enhancing the PACs extraction
yield (He et al. 2016). In addition, some studies showed that a
high solvent to sample ratio provide better diffusion with ele-
vated coefficient (Cacace and Mazza 2003) that enhance the
solubility of compounds (Letcher 2004).

Effect of Extraction Variables on Antioxidant Activity

Antioxidant activity explored by DPPH radical scavenging
activity showed a significant effect of ethanol concentration
(X1), its quadratic (X1

2), solvent to sample ratio (X2), its qua-
dratic (X2

2), and pressure (X4). The correspondent fitted sec-
ond order polynomial equation is:

Y%DPPH ¼ 75:1345þ 0:408297X 1 þ 0:0909093X 2

þ 0:251379X 3−0:0001625X 4−0:00204667X 1
2

þ 0:000205X 1X 2−0:0006X 1X 3−0:0000828X 1X 4

−0:00173935X 2
2−0:000183333X 2X 3

þ 0:0000276667X 2X 4−0:00364792X 3
2

þ 0:0002785X 3X 4−0:00000676667X 4
2

F for lack of fit was nonsignificant (F = 5.80) suggested
that the model was fit with very good prediction (R2 = 0.9603;
Adj.R2 = 0.9140) (Table 2)

According to the three-dimensional response surface plots
displayed in Fig. 3a, DPPH radical scavenging activity in-
creases with increasing ethanol concentration to reach its max-
imum at 95% of ethanol. This indicates that the more propor-
tion of organic solvent is, the best antiradical activity is ob-
served. This result is not in accordancewith the result obtained
for TPC that require 50% of ethanol for optimum extraction.
This could be explained by the fact that 50% of ethanol allow
the extraction of abundant polyphenolic compounds in palm
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date fruit in term of quantity with polar, weak-polar, and non-
polar compounds; however, 95% of ethanol permit the extrac-
tion of effective phenolic compounds in term of quality. Sun
et al. (2015) have demonstrated in a previous study that dif-
ferent ethanol concentration in the solvent ranged from 25 to
100% showed different phenolic profiles and antioxidant
properties. Another study showed that antioxidant activity is
due to some specific phenolic compounds called key pheno-
lics (Gregoris and Stevanato 2010). Similar result was found
on Limnophila aromatica antioxidant activity that showed the
highest DPPH radical scavenging activity with 100% of

ethanol (Do et al. 2014). Other studies have shown similar
trend with different plant materials like pineapple crude ex-
tract (Alothman et al. 2009) and defatted wheat germ (Zhu
et al. 2011). For solvent to sample ratio variable, the maxi-
mum of DPPH radical scavenging activity is observed at 31
ml/g. This could be explained by the fact that a medium ratio
of solvent to sample enhances the focus of the surface of
contact between plant material and solvent stimulating then
the dissolution rate and solubility of key antioxidant compo-
nents (Xu et al. 2017). Solvent to sample ratio could depends
on the type of antioxidant component. For example, an

Fig. 1 Response surface plots (a,
b, and c) showing the combined
effect of ethanol concentration
(%) (X1), solvent to sample ratio
(ml/g)(X2), temperature (°C) (X3),
and pressure (Mpa) (X4) on ex-
traction yield of total phenolic
content (TPC)
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optimum ratio of 40:1 was showed in a previous study for the
recovery of rutin and quercetin from Euonymus alatus (Yang
and Zhang 2008). Similar significant effects on antioxidant
activities with ultrahigh-pressure extraction method were ob-
served in other previous studies (Belwal et al. 2016; Xi and
Wang 2013). A medium solvent to solid ratio is useful for
large-scale research because it minimizes the cost of the pro-
cess that allow then more assays with many possible combi-
nations of parameters. It is also worthwhile to note that solvent
to sample ratio and ethanol concentration depends highly on
the size of particles of rawmaterial that modifies the extraction
of phenolic components in an inverse proportionality trend

(Oreopoulou et al. 2019). In a previous study (Majeed et al.
2016), it was demonstrated that for particle size parameter, in a
range from 20 to 110 micron, the optimum of antioxidant
activity was obtained with a size of 20 micron. So, this crucial
parameter could explain differences of results between re-
searches. Figure 3c shows that pressure has a slight effect on
DPPH radical scavenging activity which attains its maximum
at 100 MPa and remains stable as a plateau phase at high
pressures. This agrees with the findings previously mentioned
(Butz et al. 1994) which indicated that 100MPamay allow the
extraction of bioactive compounds from plant cells by break-
ing intracellular vacuoles and cell membranes. The principle

Fig. 2 Response surface plots (a,
b, and c) showing the combined
effect of ethanol concentration
(%) (X1), solvent to sample ratio
(ml/g) (X2), temperature (°C) (X3),
and pressure (Mpa) (X4) on ex-
traction yield of total PACs
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of ultrahigh hydrostatic pressure (UHP) extraction is to create
a large differential pressure between the inside and the outside
of plant cell membrane which is rapid and achieved in few
seconds from a pressure of 100 MPa (Corrales et al. 2008). A
previous study demonstrated that 243 MPa was the optimum
pressure to extract berberine from Cortex Phellodendri
(Guoping 2012). In another study that focused on the compar-
ison between UHP extraction and conventional extraction,
authors showed that 200 MPa, which is the minimum value
chosen for the pressure range, provided a higher extraction
yield than the conventional extraction for 24 h and ultrasonic
extraction for 30 min (Prasad et al. 2009). Moreover, between

200 and 500 MPa, there was a slight increase of the extraction
yield which joins our observation concerning the plateau
phase beyond 100 to 600 MPa. Our results are not in agree-
ment with some other studies that showed an optimum pres-
sure of 490 MPa (Xi and Wang 2013), 498 MPa (Xi et al.
2013) or 600 MPa (Pinela et al. 2018) for antioxidant activity.
This difference may be due to many parameters that could
affect UHP extraction such as UHP apparatus specifications,
the method of sample preparation like grinding and milling,
the particle size which may modify the effect of pressure on
the cell membrane permeability, the pH of the solvent which
decreases at high pressures (Prasad et al. 2009), and also the

Fig. 3 Response surface plots (a,
b, and c) showing the combined
effect of ethanol concentration
(%) (X1), solvent to sample ratio
(ml/g) (X2), temperature (°C) (X3),
and pressure (Mpa) (X4) on
DPPH scavenging ability
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different steps of sample treatment after UHP extraction that
could affect quantification of polyphenols compounds and
antioxidant activity. More specific studies that take into ac-
count all of these parameters should be done in the future to
better elucidate these results.

Model Validation

Responses for phenolic contents (TPC and PACs) and antiox-
idant activity (DPPH) were simultaneously optimized by the
desirability function. Derringer’s desirability function was

used to predict the parameters allowing optimum level for
all responses in a single extraction by a multivariate analysis
(Derrien et al. 2017). The results indicate that the maximum
overall desirability D = 0.83 (on a scale of 0 to 1) can be
achieved with the following conditions: ethanol concentration
(X1, 60.54 %), solvent to sample ratio (X2, 70 mL/g), extrac-
tion temperature (X3, 65 °C), and pressure (X4, 600MPa) (Fig.
4). Under these optimal conditions, the predicted values are
TPC (261.06 mgGAE/100 g DW), PACs (9.58 mg
procyanidin A2 equivalent/100 g DW), and % DPPH (95%).
To validate the adequacy of the model equations, an

Fig. 4 Response surface plots (a,
b, and c) showing the combined
effect of ethanol concentration
(%) (X1), solvent to sample ratio
(ml/g) (X2), temperature (°C)
(X3), and pressure (Mpa) (X4) on
desirability under the optimal
conditions
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experiment was carried out in triplicate under the optimal
conditions predicted by the Derringer’s desirability model.
Results obtained were as follows: TPC (257.93 ± 2.77 mg
GAE/100 g DW), PACs (9.29 ± 0.25 mg procyanidin A2
equivalent/100 g DW), and % DPPH (93 ± 0.63). The exper-
imental values are in close agreement with the predicted
values (Table 3) confirming that the model was adequate to
optimize the common extraction parameters for all responses
(Supplementary material file).

Conclusion

Optimization of extraction procedure for phenolic com-
pounds and antioxidant activity of palm date extract was
successfully examined using response surface methodolo-
gy. This is the first study on optimization of polyphenols
extraction condition from palm date. The optimized condi-
tions were validated and found to fit very well to the ex-
perimental values. The extraction of date’s phenolics de-
pends highly on solvent concentration (X1) and sample to
solvent ratio (X2). Pressure significantly affects DPPH rad-
ical scavenging activity which represents an important var-
iable of antioxidant capacity measurement. Ultrahigh hy-
drostatic pressure is thus a good extraction technology that
provides novel approaches for the extraction of medicinal
plants. The optimum extraction conditions were as follows:
ethanol concentration (60.54%), solvent to sample ratio
(70 mL/g), extraction temperature (65 °C), and pressure
(600 MPa). The results of the model validation experi-
ments agreed with the predicted values. This optimized
extraction method could be utilized for further isolation
of bioactive compounds contributing to the further re-
search of palm date fruit as a healthy food and drug.
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