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Abstract
Ultrasonic and response surface methodology were used to extract phenolic compounds from date pits and optimize extrac-
tion parameters including ultrasonic time, solid to liquid ratio and ethanol concentration. A mathematical model of the 
three parameters for a high extraction yield was established. The results showed that all the extraction parameters and the 
interaction between solid to liquid ratio and ethanol concentration significantly affected the extraction yield. The optimized 
extraction parameters were ultrasonic time of 42 min, solid to liquid ratio of 1:46 g/mL, and ethanol concentration of 60%, 
under which the extraction yield was 8.26%. In vitro antioxidant activity and components of the phenolic compounds was 
investigated by the antioxidant tests and HPLC, respectively. The antioxidant assays of DPPH and ABTS free radicals, 
reducing power and total antioxidant capacity suggested that the phenolic compounds from date pits had a high antioxidant 
activity, and the HPLC analyses revealed that the extracts were mainly composed of seven phenolics.
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Introduction

Date palm (Phoenix dactylifera L.) is an important crop in 
the world’s arid and semi-arid regions [1]. Date fruits are 
rich in carbohydrates, dietary fiber, minerals, fatty acids, 
vitamins, amino acids and protein, which provides poten-
tial health benefits for the human body [2–4]. Date pits are 
10–15% of date fruit weight. They are the by-products of 
date fruit processing and have not been fully utilized [5–7]. 
Date pits have recently been studied as potential sources for 
edible oil, dietary fiber, animal feed, poultry feed, coffee 
drink alternative, water filter medium, antimicrobial agent, 
and compost preparation because they are rich in nutrients 
[8]. Recently, recovery of bioactive substances from the food 
processing by-products is of great interest [9–11]. Date pits 
are rich in phenolic compounds, so they are the ideal raw 
materials for exploiting as a new phenolic resource. How-
ever, based on our knowledge, few reports are available on 

ultrasonic-assisted extraction, antioxidant activity and com-
ponent identification of the phenolic compounds from date 
pits. Therefore, it is important to recover the phenolic com-
pounds from date pits to develop high value-added products 
for the food and pharmaceutical industries.

Free radical-mediated reactions play an important role 
in aging, cancer, allergies, viral infections, inflammation, 
coronary heart disease and Alzheimer’s disease [12, 13]. 
Natural antioxidants have recently received great attention 
because of the support of the human body’s antioxidant 
defense system and the consideration of the side effects of 
synthetic antioxidants [14]. Phenolic compounds from natu-
ral sources are the important antioxidants for scavenging 
the free radicals and reducing the risks of some human dis-
eases. Natural phenolic compounds are generally from fruits 
and vegetables. Extraction is the crucial stage of separating 
and recovering phenolic compounds from natural materi-
als. Ultrasonic-assisted extraction (UAE) is an efficient and 
fast extraction technology. It has strong cavitation effect 
and mechanical function, and is increasing used to extract 
bioactive substances [15, 16]. Response surface method-
ology (RSM) is an experimental statistical technology for 
optimizing extraction parameters and investigating param-
eters’ interactions [17, 18]. UAE and RSM are increasingly 
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combined to extract bioactive substances from various natu-
ral resources because of their advantages [19–22].

In this work, date pits were used as the raw materials to 
extract the phenolic compounds from the pits by UAE and 
RSM. The extraction variables, like ultrasonic time, solid 
to liquid ratio, and ethanol concentration, were investigated 
and optimized for the highest extraction yield. DPPH free 
radicals, ABTS free radicals, reducing power (RP), and total 
antioxidant capacity (TAOC) tests were used to investigate 
in vitro antioxidant capacity of the extracts. HPLC was also 
performed to analyze the components of the extracts.

Materials and methods

Materials and chemicals

Date pits were procured from the farmer. Coumaric acid, 
Folin–Ciocalteu phenol reagent, chlorogenic acid, sodium 
carbonate, DPPH, caffeic acid, ammonium molybdate, 
trichloroacetic acid, ferric chloride, protocatechuic acid, 
potassium ferricyanide, gallic acid, potassium persulfate, 
ABTS, vitamin C, and ferulic acid were procured from 
Shanghai Aladdin Reagent Co. Ltd.

Optimization design

Based on the Box–Behnken (BBD) design principle and the 
single-factor tests, ultrasonic time (A), solid to liquid ratio 
(B), and ethanol concentration (C) as the independent vari-
ables for the extraction yield (Y) were optimized by RSM 
using a quadratic polynomial model. The selected levels of 
three variables and the test results were presented in Table 1.

Extraction of phenolic compounds 
and determination of phenolic yield

Dry date pits (the shells were removed) were powdered by 
a pulverizer (XS-10B, Longxin, China) and passed through 
an 80-mesh sieve to obtain the pit powders. For each extrac-
tion experiment, the powders (0.10 g) and ethanol solution 
were mixed in a 10-mL sealed glass bottle and the bottle was 
placed in an ultrasonic generator (500 W, 53 kHz, SK8200H, 
Kedao, China) to extract phenolic compounds. After a 
period of extraction, the bottle was centrifuged for 10 min 
at 10,000 rpm, and total phenolic content in the superna-
tant was determined by Folin–Ciocalteu method [20]. The 
phenolic weight was calculated from the standard curve of 
gallic acid. The extraction yield of phenolic compounds was 
calculated as follows:

Yield(%) =
Phenolic weight(mg)

Powders weight(mg)
× 100

Antioxidant activity tests

The DPPH radical scavenging activity and RP were esti-
mated as described by Liu [23]. The ABTS radical scav-
enging activity and TAOC were measured as reported Ye 
[24] and Raza [25], respectively. Vitamin C was the posi-
tive control.

HPLC analyses

An HPLC (1200 series, Agilent) with an Eclipse XDB-
C18 column (5 mm, 250 mm × 4.6 mm, Agilent) and a UV 
detector (G1314B, Agilent) was performed for the com-
ponent analyses. The mobile phase consisted of 100% 
methanol and 0.1% H3PO4 with a ratio of 5 to 5. The col-
umn temperature, injection volume, detection wavelength 
and flow rate were 25 °C, 20 μL, 280 nm and 0.5 mL/
min, respectively. The phenolic compounds were identi-
fied based on the standards for the comparison of reten-
tion times. The content of components in the extracts is 
achieved according to the standard curve.

Statistical analyses

All data were measured three times. Design Expert soft-
ware was used to analyze the tests and build the extraction 
model. Statistical significance was defined at p < 0.05.

Table 1   Box–Behnken design for independent variables and their 
extraction yield

Ultrasonic time (A), solid to liquid ratio (B), ethanol concentration 
(C) and extraction yield (Y)

Run Uncoded values (coded values) of independent 
variables

Y (%)

A (min) B (g/mL) C (%)

1 30 (− 1) 1:40 (− 1) 60 (0) 7.61
2 50 (1) 1:60 (1) 60 (0) 7.73
3 50 (1) 1:50 (0) 70 (1) 7.41
4 40 (0) 1:40 (− 1) 70 (1) 7.68
5 40 (0) 1:40 (− 1) 50 (− 1) 7.57
6 30 (− 1) 1:50 (0) 50 (− 1) 7.16
7 50 (1) 1:40 (− 1) 60 (0) 7.87
8 40 (0) 1:50 (0) 60 (0) 8.19
9 40 (0) 1:60 (1) 50 (− 1) 7.56
10 30 (− 1) 1:60 (1) 60 (0) 7.36
11 40 (0) 1:50 (0) 60 (0) 8.22
12 40 (0) 1:50 (0) 60 (0) 8.17
13 50 (1) 1:50 (0) 50 (− 1) 7.49
14 40 (0) 1:60 (1) 70 (1) 7.24
15 30 (− 1) 1:50 (0) 70 (1) 6.78
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Results and discussion

Single‑factor test analyses

Effect of ultrasonic time

The relationship between extraction yield and ultrasonic time 
(Fig. 1a) showed that the extraction yield increased first with 
increasing ultrasonic time, and then decreased, and peaked 
at 40 min. This was related to the functional characteristics 
of ultrasonic. Ultrasonic possessed the cavitation, mechani-
cal agitation and thermal effects [23, 26] and improved the 
transport and release of the phenolic compounds from the 
extracted materials, causing an increasing extraction yield; 
but long ultrasonic time also caused the decomposition and 
subsequent decrease of the extracts [27, 28]. Therefore, the 
ultrasonic time of 40 min was suitable.

Effect of solid to liquid ratio

The relationship between extraction yield and solid to liquid 
ratio (Fig. 1b) displayed that the extraction yield increased 

first and then reduced as solid to liquid ratio increased, and 
achieved a maximum yield at 1:50 g/mL. This was ascribed 
to the ultrasonic energy distribution and the mass transfer 
principle. Increasing solid to liquid ratio improved the mass 
concentration difference of the phenolic compounds and 
consequently increased the mass transport driving force in 
the extraction solution [29, 30], which was convenient to 
extract the phenolic compounds; at the same time, high solid 
to liquid ratio also reduced the ultrasonic energy density per 
unit volume of the extraction solution [31], which was not 
conducive to extract the phenolic compounds. Therefore, the 
solid to liquid ratio of 1:50 g/mL was suitable.

Effect of ethanol concentration

The relationship between extraction yield and ethanol 
concentration (Fig. 1c) exhibited that the extraction yield 
increased and peaked at 60% with ethanol concentration 
increasing, and then decreased. This was responsible for the 
polarity of the extraction solution and phenolic compounds. 
The polarity of water was higher than that of ethanol, and 
consequently different concentrations of ethanol aqueous 
solution had different polarities [32]. The polarity of 60% 
ethanol solution was like that of the phenolic compounds 
from date pits, resulting in the maximum yield. Therefore, 
the ethanol concentration of 60% was suitable.

Optimization of extraction parameters

Model fitting and statistical analyses

Multiple regression statistics were analyzed by Design-
Expert software according to the data (Table 1). The math-
ematical model for extraction yield (Y, %) was achieved by 
the quadratic polynomial regression equation of ultrasonic 
time (A, min), solid to liquid ratio (B, g/mL), and ethanol 
concentration (C, %). The model in terms of coded variables 
was as follows:

Analysis of variance (ANOVA) is a statistical analysis 
method to evaluate the significance of the experimental data 
and to analyze the adequacy of the fitting model [33]. The 
statistical results (Table 2) showed that the determination 
coefficient (R2) of the model was 0.9897 and the adjusted 
determination coefficient (R2 adj) was 0.9713, which dem-
onstrated that the fitting model was reasonable for the test 
results [34] and the test results were highly consistent with 
the predicted values [35]. The fitting model for the extrac-
tion yield was highly significant because of the p value was 
0.0002. The lack of fit (p value = 0.0810) was not significant, 

Y = 8.19 + 0.20A − 0.11B − 0.084C + 0.028AB

+ 0.075AC − 0.11BC − 0.43A
2 − 0.12B

2 − 0.56C
2

Fig. 1   Effect of ultrasonic time (a), solid to liquid ratio (b) and etha-
nol concentration (c) on extraction yield
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exhibiting the fitting model was good for interpreting the 
test data. Simultaneously, the coefficient of variation 
(C.V. = 0.89%) was very low, showing the better reliability 
of the experimental data.

The significance of linear, quadratic term, and interac-
tion term coefficients was generally assessed by the p value. 
Table 2 showed that the linear coefficients (A, B and C) and 
the quadratic term coefficients (A2, B2 and C2) were signifi-
cant effect on the extraction yield (Y) for the p value < 0.05, 
and the effect was non-linear. The interaction term coeffi-
cients (AB and AC) didn’t significantly affect the extraction 
yield (Y) for the p value > 0.05, while that of BC was signifi-
cant for the p value < 0.05. These statistical results showed 
that the effect of the three variables (A, B and C) on the 
extraction yield (Y) was significant and the same as the inter-
action between B and C, but that of the interaction between 
A and B, as well as A and C was not significant. Depending 
on the p values, the three variables that significantly affected 

the extraction yield (Y) was in the order of ultrasonic time 
(A), solid to liquid ratio (B), and ethanol concentration (C).

Response surface analyses

3D response surfaces are a graphical interpretation for 
the relationship of independent and dependent variables 
[36, 37]. The 3D response surfaces and 2D contours were 
plotted in Fig. 2. The extraction yield (Y) increased with 
increasing ultrasonic time (A), solid to liquid ratio (B), 
and ethanol concentration (C), respectively, and reached a 
maximum extraction yield (Y) at 42.18 min, 1:46.12 g/mL 
and 59.76%, respectively. Additionally, all three response 
surfaces were convex, meaning the selected parameter 
levels according to the single-factor test were reasonable. 
By observing the contour plots in Fig. 2, the interaction 
between B and C significantly affected the extraction 
yield (Y), while the two interactions (AB and AC) were 
not significant.

Table 2   Analysis of variance 
for response surface quadratic 
model

Source Sum of squares Degree of freedom Mean square F value p value (Prob. > F)

Model 2.23 9 2.23 53.64 0.0002
A 0.32 1 0.32 68.28 0.0004
B 0.088 1 0.088 19.06 0.0073
C 0.056 1 0.056 12.12 0.0176
AB 3.03 × 10−3 1 3.03 × 10−3 0.65 0.4556
AC 0.023 1 0.023 4.86 0.0786
BC 0.046 1 0.046 9.99 0.0251
A2 0.67 1 0.67 145.23 < 0.0001
B2 0.057 1 0.057 12.30 0.0172
C2 1.14 1 1.14 247.21 < 0.0001
Residual 0.023 5 4.63 × 10−3

Lack of fit 0.022 3 7.29 × 10−3 11.51 0.0810
Pure error 1.27 × 10−3 2 6.33 × 10−4

Cor. total 2.26 14
R2 = 0.9897 R2 adj = 0.9713 C.V. = 0.89%

Fig. 2   Response surface and contour plots of three variables
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Predictive model verification

The optimum parameters for the phenolic compounds 
extraction obtained by Design-Expert software were as 
follows: 42.18 min ultrasonic time, 1:46.12 g/mL solid to 
liquid ratio, and 59.76% ethanol concentration. Following 
consideration of the practical operation convenience, the 
optimum extraction parameters were adjusted as follows: 
42 min ultrasonic time, 1:46 g/mL solid to liquid ratio, and 
60% ethanol concentration. Under the adjusted conditions, 
the extraction yield was 8.26% (n = 3) and was close to the 
predicted value (8.31%), which indicated that the model 
for extracting the phenolic compounds from date pits was 
reliable and effective.

Antioxidant activity analyses

DPPH and ABTS radical scavenging activity

DPPH radicals were generally used to measure the anti-
oxidant capacity of various samples because of their good 
stability and short reaction time [38]. The DPPH radical 
scavenging effect of the phenolic compounds and vitamin 

C was illustrated in Fig. 3a. The scavenging effect of the 
two samples increased linearly with increasing the sam-
ple concentration. The scavenging effect of the phenolic 
compounds was 85.91% as the sample concentration was 
at 0.06 mg/mL and that of vitamin C was 93.02%. For the 
phenolic compounds and vitamin C, the IC50 calculated from 
the linear regression equation was 0.035 and 0.030 mg/mL, 
respectively, which illustrated that the antioxidant ability of 
the phenolic compounds from date pits had 85.71% that of 
vitamin C. ABTS assay was an extensively method to assess 
the lipophilic and hydrophilic samples’ antioxidant activity 
[25]. The ABTS radical scavenging effect of the phenolic 
compounds and vitamin C was displayed in Fig. 3b. As the 
sample concentration increased, the scavenging effect of the 
phenolic compounds and vitamin C increased linearly, and 
reached 74.52 and 91.36% at 0.09 mg/mL, respectively, and 
their IC50 was 0.062 and 0.047 mg/mL, respectively, which 
revealed that the antioxidant ability of the phenolic com-
pounds from date pits possessed 75.81% that of vitamin C. 
The results indicated the extracts from date pits had a high 
capacity to scavenge DPPH and ABTS free radicals.

Fig. 3   DPPH radical (a) and ABTS radical (b) scavenging effect of 
samples

Fig. 4   Reducing power (a) and total antioxidant capacity (b) of sam-
ples
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Reducing power (RP) and total antioxidant capacity (TAOC)

RP was an important index for evaluating antioxidant capac-
ity of various samples [39]. Figure 4a showed that the RP 
of the phenolic compounds and vitamin C increased as a 
function of sample concentration and the RP of the phe-
nolic compounds was lower than that of vitamin C in the 
experimental range. For the phenolic compounds and vita-
min C, the slope obtained from the linear regression equa-
tion was 6.05 and 7.02 respectively, which meant that the 
RP of the phenolic compounds was equivalent to 86.18% 
that of vitamin C. TAOC assay was widely accepted method 
for determining various samples’ antioxidant activity. The 
TAOC of the phenolic compounds and vitamin C was pre-
sented in Fig. 4b. The TAOC of vitamin C was higher than 
that of the phenolic compounds and the two samples were 
a linear increase. The slope of the phenolic compounds and 
vitamin C was 4.09 and 4.55 respectively, which revealed 
that the TAOC of the phenolic compounds was equivalent 
to 89.89% that of vitamin C. Therefore, the phenolic com-
pounds from date pits exhibited a significant TAOC. There-
fore, the extracts from date pits exhibited a significantly RP 
and TAOC.

HPLC analyses

The HPLC chromatograms of the samples in Fig. 5 showed 
that, in addition to two unknown components, the phenolic 
compounds were mainly composed of gallic acid, protocate-
chuic acid, chlorogenic acid, caffeic acid, coumaric acid and 
ferulic acid and their contents calculated from the respective 
standard calibration curve were 46.53, 8.12, 21.16, 10.68, 
5.71 and 4.85%, respectively. The results showed that gallic 
acid was the highest component (46.53%) in the extracts. 
These were the cause of the high antioxidant activity of the 
extracts.

Conclusions

This work was to provide a way to exploit a new phenolic 
resource from the date pit by-product. The ultrasonic was 
used to assist in extracting the phenolic compounds from the 
date pits, and the extraction parameters were optimized by 
RSM for the highest extraction yield. Ultrasonic time, solid 
to liquid ratio, and ethanol concentration were all significant 
effect on the yield. The optimized conditions were 42 min 
ultrasonic time, 1:46 g/mL solid to liquid ratio, and 60% 
ethanol concentration, under which the yield was 8.26%. 
The phenolic compounds from the date pits had a signifi-
cant antioxidant ability and were mainly composed of seven 
phenolics.
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