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A B S T R A C T   

The green extraction of bioactive compounds from date seeds was investigated using seven natural deep eutectic 
solvents (NADES) coupled with ultrasound-assisted extraction (UAE). The seven NADESs mainly consisted of 
choline chloride as hydrogen bond acceptors (HBA) and four sugars, two organic acids, and one polyalcohol as 
hydrogen bond donors (HBD) were utilized in this study. When the extraction efficiency of the NADESs was 
compared to that of the conventional solvents, all the NADESs showed superior bioactive compounds recovery 
efficacy. The lactic acid-based NADES had the highest extraction efficiency and was further optimized using the 
response surface method and Box-Behnken design. A four-factors including extraction time (10, 20, and 30 min), 
ultrasound amplitude (70, 80, and 90 %), % NADES content (30 %, 50 %, and 70 %) and solid-to-solvent ratio 
(1:30, 1.5:30, and 2:30 g/ml) each at three levels (− 1, 0 and 1) using Box-Behnken design was applied. The % 
NADES content and the solid-to-solvent ratio were the major factors influencing the extraction efficiency of the 
total phenolic content (TPC) and the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity. The 
optimum extraction conditions included an extraction time of 15 min, ultrasound amplitude of 90 %, % NADES 
content of 70 % and solid-to-liquid ratio of 1:30 g/ml. The experimental values for TPC and DPPH at optimum 
extraction conditions were 145.54 ± 1.54 (mg GAE/g powder) and 719.19 ± 2.09 (mmol TE/g powder), 
respectively. The major phenolic compounds observed in the date seeds extracted using ChCl-LA were 3,4-dihy
droxybenzoic acid, catechin and caffeic acid. This study reveals that the extraction of date seeds with NADES in 
combination with UAE technique was able to recover significantly higher amounts of phenolic compounds which 
could find useful applications in the food, pharmaceutical, and cosmetics industries.   

1. Introduction 

Date fruit are commonly cultivated in the middle east and considered 
the most popular consumed staple food in this region since it is rich in 
nutritional [1] and possess diverse medicinal properties, such as hypo
glycemic, antioxidant, antimicrobial, and anticancer activities [2]. Date 
palm tree and fruit constitute a large amount of waste which may 
constitute environmental challenges if not properly handled, these 
wastes include spikelets, seeds, and leaves. Studies have shown that 
these waste products from dates such as the seeds contain ample 
amounts of fiber and a considerable amount of proteins, vitamins, and 
lipids [3,4]. The date seeds are also rich in bioactive compounds 

(flavonoids and polyphenolic compounds) [5,6]. These bioactive com
pounds possess potential health attributes such as anti-inflammatory 
actions, anti-mutagenic, antioxidant, and anti-carcinogenic activities 
[7]. 

In the past decades, the use of conventional processes of extraction 
has been exploited for the recovery of bioactive compounds from plant 
sources. However, these conventional processes have considerable 
drawbacks in terms of extraction solvents used which are not sustainable 
as it requires a high volume of solvents which makes the process costly, 
low yield as a result of thermal degradation, and they are flammable and 
hazardous with limited disposal and recycling possibilities [8]. To 
achieve a sustainable process of extracting bioactive compounds, there 
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is an increasing need to employ the green extraction method which are 
considered to be safe and sustainable. Green extraction is a recent goal in 
scientific and industrial research development, as it is designed to 
reduce or eliminate the utilization of toxic chemical solvents, reduce 
energy consumption with minimal environmental impact and a huge 
benefit to human health [9–11]. The alternative to conventional sol
vents are green solvent among which the Ionic Liquid (IL) are first to be 
used as green solvents. The benefits of IL over conventional solvents are 
their low vapor pressure, a wide range of miscibility and solubility, good 
thermal characteristics, and good recyclability [12]. However, ILs do 
possess several disadvantages as well, for example their high cost of 
production, toxicity, and low biodegradability [13,14]. The use of deep 
eutectic solvents (DES) has gained more attention as an ecofriendly 
green solvent and a good alternative to conventional solvents. Deep 
eutectic solvents are synthesized by mixing non-ionic compounds, usu
ally, salts and molecular compounds where one of the components acts 
as a hydrogen bond donor (HBD) and the other as a hydrogen bond 
acceptor (HBA) at a defined molar ratio [15]. Recently, DES produced 
from primary metabolites, and or bio-renewable materials are called 
natural deep eutectic solvents (NADES) [16]. The application of DES/ 
NADES in the extraction of bioactive compounds from natural sources 
and the synthesis of different classes of DES have been widely investi
gated [17–21]. In a recent study by Kehili, Isci, Thieme, Kaltschmitt, 
Zetzl and Smirnova [22] reported a higher polyphenol yield of 128 g 
GAE/kg dry biomass from Deglet Nour variety of defatted date seeds 
extracted with DES coupled with microwave assisted extraction. Simi
larly, DES/NADES has been efficiently utilized for the extraction of 
biomolecules from plant sources such as phenolic compounds [22–25], 
flavonoids, anthocyanin [16,26–28] protein [29–32] and poly
saccharide [33]. 

Innovative extraction techniques like microwave-assisted and 
ultrasound-assisted extraction (UAE) are eco-friendly and economical. 
The combination of innovative extraction techniques and green solvents 
results in better recovery of bioactive compounds when compared with 
conventional methods [34]. The ultrasound-assisted extraction tech
nique, generates acoustic cavitation, and thermal and mechanical effects 
produced by the frequency of the ultrasonic waves caused by the 
expansion and contraction of material to be treated helps in effective 
extraction of bioactive compounds [35–37]. The UAE has an advantage 
over the conventional extraction method due to its short time of 
extraction, little amount of extraction solvent required, and high 
extraction yield [38]. 

To reduce the waste generated from date palm fruit, the date seeds 
are potentially rich bioresource which can be used to recover the 
bioactive compounds with immense benefits to human health and 
wellbeing. Most of the studies conducted on recovery of bioactive 
compounds from date seeds have been carried out using conventional 
solvents. Using green extraction solvent (NADES) are most feasible and 
safe solvent as the bioactive compounds recovered can be readily used in 
food formulation after confirming their toxicity status. Therefore, this 
study aimed at employing green solvents in combination with emerging 
extraction techniques to effectively recover the bioactive compounds 
from the date seeds. The ecofriendly method utilized was the UAE for the 
optimal recovery of total phenolic compounds using NADES as green 
solvents. To optimize this process, response surface methods (RSM) were 
employed and the optimization conditions were solid to solvent ratio, 
extraction time, ultrasound amplitude, and the percentage NADES 
content. Furthermore, the physicochemical characteristics of the syn
thesized NADES such as viscosity, and FTIR were also investigated. 

2. Material and methods 

2.1. Material 

Khalas variety of date seeds at the matured stage (Tmar) was ob
tained from Al FOAH Date Company, Abu Dhabi, UAE. The NADES 

reagents were purchased from Sigma-Aldrich (St. Louis, MO, U.S.A.). 
Gallic acid, sodium acetate, 6-hydroxy-2,5,7,8-tetramethylchroman-2- 
carboxylic acid (Trolox), rutin (quercetin 3-O-rutinoside), 2,2- 
diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent, and 2,2′- 
azino-dis [3-ethylbenzthiazoline sulfonate (ABTS) were from Sigma- 
Aldrich (St. Louis, MO, U.S.A.). The other reagents not mentioned 
were analytical grades procured from Fisher Scientific (Nepean, ON). 

2.2. Date seed sample preparation 

The date seeds (khalas variety) were washed with distilled water to 
remove any adhered date fruit pulp. Seeds were then dried in a hot air 
oven at a temperature of 40 ◦C and ground using an industrial seed 
grinder at Al FOAH experimental farm in Abu Dhabi. To obtain a fine 
date seed powder, the ground seeds were further pulverized using a 
sieve of <200 µm, the date seeds powder was stored at 4 ℃ for further 
analysis. 

2.3. Preparation of NADES 

The NADES were prepared by the heat and stirring method as 
described by Shang et al. [39]. Seven different NADESs were synthesized 
(Table 1) using choline chloride as hydrogen bond acceptor (HBA) and 
the hydrogen bond donor (HBD) comprises two carboxylic acid-based 
(lactic acids and malic acids), four sugar-based (glucose, sucrose, 
xylose, and xylitol) and a polyalcohol-based (1,4-butanediol) NADES. 

2.4. Ultrasound-Assisted extraction (UAE) of date seed powder 

To extract bioactive compounds from date seeds, 3.3 g of date seeds 
powder were mixed with 100 ml of 70 % NADES. The mixture was 
sonicated using a probe-type ultrasound system (model SFX, Branson, 
Mexico) with 80 % amplitudes for 15 min. The temperature was main
tained between 35 and 40 ◦C throughout the treatment time by placing 
the sample in a ice cold-water bath. After UAE treatment, the samples 
were centrifuged at 10, 528 xg for 15 min at 4℃. The supernatant was 
filtered and stored at − 20 ◦C until used for further analyses which were 
carried out within 2 weeks. 

2.5. Viscosity measurement 

The viscosity of prepared NADESs was analyzed using a Brookfield 
digital viscometer (AMETEX, USA) operated at a speed of 100 rpm with 
spindle number 6. The temperature was maintained by a hot water bath 
connected externally, each NADES sample was measured at 40 ◦C and 
60 ◦C to investigate the effect of temperature change on viscosity. 

2.6. FTIR (Fourier-transform infrared) spectroscopy 

Amongst all the NADESs synthesized, the optimal NADES and its 
individual components were evaluated for Fourier Transform infrared 
spectroscopy (FTIR) using Spectrum Two FT-IR Spectrophotometer 
(103146, PerkinElmer, UK). The sample to be analyzed was placed over 
the light path, the respective interference was measured as a transform 
for wavenumber from 400 to 4000 cm− 1 at a resolution of 4 cm− 1. 

2.7. Determination of total phenolic content (TPC) and total flavonoid 
content (TFC) 

The various synthesized NADES were used to analyze for TPC by the 
method of [40] with slight modifications. The analysis was performed in 
triplicates and TPC was expressed as milligrams of Gallic acid equiva
lents per gram of powder (mg GAE/g− powder). For complete details of 
the method, kindly refer to the supplementary material (Section: 1). 

Total flavonoid content (TFC) was estimated with the aluminum 
chloride assay described by Zhishen et al. [41]. The analysis was 
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performed in triplicates and the results were expressed in mg quercetin 
equivalents per gram of DSP (mg QE/g powder). For complete details of 
the method, kindly refer to the supplementary material (Section: 1). 

2.8. Determination of antioxidant activity 

The radical scavenging activity 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) of the NADES-based date seed extracts was conducted as 
described by Mostafa, Airouyuwa and Maqsood [42]. The analysis was 
performed in triplicates and the results were expressed in mmol Trolox 
equivalents per gram of DSP (mmol TE/g powder). The detailed meth
odology is in the supplementary material (section: 2). 

The ferric reducing antioxidant power (FRAP) assay was analyzed by 
the method of [21]. The analysis was performed in triplicates and the 
results were expressed in mmol Trolox equivalents per gram of DSP 
(mmol TE/g powder). The detailed methodology is in the supplementary 
material (section: 2). 

The ABTS scavenging assay was analyzed following the method 
described by Mostafa et al. [42] with slight modifications. The analysis 
was performed in triplicates and the results were expressed in mmol 
Trolox equivalents per gram of DSP (mmol TE/g powder). The detailed 
methodology is in the supplementary material (section: 2). 

2.9. Response surface methodology for optimization of ultrasound- 
assisted extraction (UAE) of phenolic compounds from date seeds powder 

The UAE was designed using design expert software (version 11.0, 
Stat Ease Inc., Minneapolis, USA) in which response surface methodol
ogy (RSM) and Box-Behnken Design (BBD) were utilized to estimate the 
optimum extraction conditions required to yield the highest TPC and 
DPPH radical scavenging activity. The experiment comprises 27 runs 
with the factors; time (X1) (10, 20, and 30 ◦C), amplitude (X2) (70, 80, 
and 90 %), % NADES content (X3) (30, 50, and 70 %) and solid/solvent 
ratio (X4) (1:30, 1.5:30, 2:30 g/ml) were selected based on the factorial 
design as shown in Table 2. The experimental analyses were evaluated in 
triplicates and the results were fitted to the second-order polynomial 
equation as shown below: 

Y = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β11X1 + β22X2 + β33X3 + β44X4

+ β12X1X2 + β13X1X3 + β14X1X4 + β23X2X3 + β24X2X4 + β34X3X4 + ε
(1)  

Where Y represents the forecasted responses for TPC and DPPH, β0 is the 
intercept, β1, β2, β3 and β4 are the linear regression coefficient, β12, β13, 
β14, β23 and β34 represent the interactions while β11, β22, β33, and β44 
represent the quadratic coefficients. The generated 3D surface plots 
from the polynomial equation were used to interpret the correlation 
between the dependent variables (TPC and DPPH radical scavenging 
activity) and each independent UAE variables. 

2.10. Identification and quantification of the major phenolic compounds 
in date seed powder 

The Identification and quantification of the phenolic compounds 
extracted from date seed powder was done following the method 
described by Mostafa, Hamdi, Airouyuwa and Maqsood [1], 200 µL of 
the phenolic extracts using both ChCI-LA and conventional solvents 
were filtered through a 0.45 µm micropore membrane (PTFE, Waters, 
Milford, MA, USA) then were injected into UHPLC-PDA. For complete 
details of the methodology, kindly refer to the supplementary material 
(Section: 3). 

2.11. Statistical analysis 

The experiments were carried out in triplicate. All the results were 
presented as mean ± SD and data were analyzed using the SPSS software 
(version 23). The RSM data was analyzed using design expert software 
(trial version 13.0, Stat Ease Inc., Minneapolis, USA). Analysis of vari
ance (ANOVA) was applied to determine the linear regression, quadratic 
coefficients and interactions. The coefficient of estimation of R2 and the 
adjusted coefficient of determination (adjusted R2) based on the poly
nomial equations were estimated at 95 % (P < 0.05) significant levels. 

3. Results and discussion 

3.1. Viscosity of the synthesized NADES 

Viscosity is an important physical characteristic of a fluid and it es
timates the internal resistance force within the fluid relative to motion. 
The viscosity of the seven different NADES were evaluated as a function 
of temperatures (40 ◦C and 60 ◦C) Table 1. The increase in temperature 
from 40 ◦C to 60 ◦C shows a decrease in viscosity, which indicates 
expansion in the molar volumes as a result of the increase in kinetic 
energy and the free molecular movement between the HBD and HBA 
[43,44]. The state of HBD at room temperature plays a significant role in 
the viscosity of NADES. Similarly, the viscosity of the liquid HBD at 
room temperature also impacts the final viscosity of the NADESs. For 
instance, polyalcohol-based HBD (1,4-Butanediol) and lactic acid were 
fluidic at room temperature and had lower viscosity than HDBs which 
were solid at room temperature. While an increase in temperature from 
40 ◦C to 60 ◦C did not have any significant effect on the viscosity of the 
polyalcohol-based NADES (choline chloride-1,4-Butanediol). Whereas, 
in the carboxylic acid-based NADES (choline chloride-lactic acid), there 
was a slight decrease in the viscosity as temperature increased from 
40 ◦C to 60 ◦C with the viscosity of 20 cP and 10 cP respectively; the 
differences in the two HBD could be as a result of individual viscosity at 
room temperature. Furthermore, HBDs which were solid at room tem
perature were greatly influenced as temperature increased. For instance, 
the viscosity of NADES with a solid HBD (malic acid) at room temper
ature was 1710 cP at 40 ◦C, an increase in temperature to 60℃ the 
viscosity was reduced to 480 cP; which indicates expansion in the molar 
volumes as a result of the increase in kinetic energy and the free 

Table 1 
NADES abbreviations, constituents, and viscosity (cP) at different temperatures.  

Solvent abbreviation NADEs Composition Molar ratio Viscosity (cP) at 40 ◦C Viscosity (cP) at 60 ◦C  

Component 1 Component 
2 

Component 3 

ChCl-Glu Choline Chloride Glucose Water 1:1:0.5 1360 990 
ChCl-Suc Choline Chloride Sucrose Water 1:2: 0.5 7000 2100 
ChCl-Xyli Choline Chloride Xylitol Water 1:1:0.5 770 440 
ChCl-Xylo Choline Chloride Xylose Water 1:1:0.5 920 380 
ChCl-LA Choline Chloride Lactic acid  1:2 20 10 
ChCl-MA Choline Chloride Malic acid  1:1 1710 480 
ChCl-But Choline Chloride 1,4-Butanediol  1: 3 10 10 
cP* Centipoise        
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molecular movement between the HBD and HBA [44]. 
Among the sugar-based HBD, sucrose had the highest viscosity which 

may be due to its characteristics as a disaccharide with more hydrogen 
bonds compared to glucose a monosaccharide. Gómez, Tadini, Biswas, 
Buttrum, Kim, Boddu and Cheng [45], revealed that the high viscosity of 

NADES is attributed to a large number of hydrogen bonds interaction 
between the HBD and HBA. An increase in temperature of the NADES 
molecules leads to a corresponding decrease in the internal resistance 
force between the NADES molecules which results in low viscosity [44]. 
Similarly, the addition of water helps to decrease the viscosity of NADES 
molecules [11,17]. One of the challenges associated with the applica
tions of NADES on a large scale is viscosity, a high viscous solvent 
hinders the rate of mass transfer [11,17,46], nevertheless, NADES with 
high viscosity can be overcome by the addition of correct amount of 
water and increasing the temperature which can reduce the viscosity of 
the NADES and facilitate its transfer throughout the matrix. 

3.2. FTIR spectrum of the synthesized NADES showing optimal extraction 
efficiency 

A Fourier-transform infrared spectroscopy study was carried out on 
the NADES with the optimal extraction efficiency (ChCl-LA) and its 
components to investigate the structural changes that occur between the 
HBD and HBA of the NADES (ChCl-LA) constituents. The FTIR spectral of 
ChCL (purple spectrum), LA (red spectrum), and ChCl-LA (blue spec
trum) were presented in Fig. 1. The investigated ChCl spectrum revealed 
that the fingerprint region had a prominent peak observed at the C–N 
bond that shifted from 1067 to 947 cm− 1, the C–H bending was 
detected at 1463 cm− 1, the N–H peak was observed at 1637 cm− 1 and 
the most prominent peak in the functional group region was the O–H 
stretches at 3218 cm− 1. A similar spectrum was observed by Lanjekar 
and Rathod [47] in the green extraction of Glycyrrhizic acid from Gly
cyrrhiza glabra using choline chloride-based natural deep eutectic sol
vents (NADESs). In the LA spectrum, one of the most prominent peaks of 
the functional group region was the O–H stretches with a wavenumber 

Table 2 
Box-Behnken Design with experimental results for ultrasound-assisted extrac
tions of DSP with NADES (choline chloride-lactic acids).  

Independent variables Levels 

− 1 0 1 

Time (min) 10 20 30 
Amplitude (m) 70 80 90 
NADES Content (%) 30 50 70 
Solid to Solvent Ratio (g/mL) 1:30 1.5:30 2:30  

Run 
Order 

Time 
(min) 

Amplitude 
(%) 

% 
NADES 
contents 

Solid/ 
solvent 
ratio 

TPC 
(ChCl- 
LA) 
(mg 
GAE/g 
DSP) 

DPPH 
(ChCl-LA 
(mMol 
TE/g 
DSP) 

1 20 90 50  0.20 98.96 
±0.55o 

505.34 
±1.71n 

2 10 80 70  0.15 125.21 
±1.14g 

612.05 
±1.64j 

3 20 80 50  0.15 114.80 
±3.30j 

633.11 
±2.26g 

4 20 80 70  0.10 152.69 
±1.04a 

747.05 
±0.20a 

5 20 90 30  0.15 89.92 
±0.77r 

351.73 
±2.08t 

6 10 90 50  0.15 101.67 
±0.39n 

545.77 
±3.50l 

7 10 80 30  0.15 98.97 
±1.27o 

384.44 
±4.26s 

8 20 70 50  0.20 104.72 
±1.25m 

465.81 
±3.20n 

9 20 90 50  0.10 107.95 
±2.52l 

675.39 
±3.94e 

10 30 80 50  0.10 111.42 
±3.61k 

711.43 
±2.13c 

11 20 70 70  0.15 130.39 
±0.51e 

616.67 
±2.84i 

12 20 80 50  0.15 119.85 
±3.32h 

632.49 
±4.53g 

13 30 80 70  0.15 136.07 
±1.69b 

685.52 
±1.11d 

14 20 70 30  0.15 101.06 
±0.64n 

385.52 
±3.04q 

15 20 70 50  0.10 128.70 
±2.44f 

737.12 
±2.88b 

16 30 80 30  0.15 93.42 
±1.20p 

317.23 
±1.84u 

17 10 80 50  0.20 103.86 
±3.18m 

402.77 
±1.03r 

18 20 80 50  0.15 119.85 
±3.32h 

632.42 
±2.45g 

19 20 80 30  0.20 92.35 
±1.37r 

285.86 
±0.26v 

20 20 80 30  0.10 98.96 
±0.55o 

505.34 
±1.71m 

21 30 80 50  0.20 134.39 
±1.67d 

457.01 
±2.38o 

22 10 80 50  0.10 107.95 
±2.62l 

685.39 
±2.82d 

23 20 90 70  0.15 136.10 
±1.07c 

633.48 
±2.25f 

24 30 90 50  0.15 116.24 
±0.88i 

450.85 
±1.17p 

25 10 70 50  0.15 107.76 
±0.46l 

405.86 
±1.40q 

26 30 70 50  0.15 137.19 
±3.24b 

621.20 
±0.58h 

27 20 80 70  0.20 134.68 
±1.26d 

548.17 
±2.08k  

Fig. 1. FTIR spectra of NADES and its constituents. The purple spectra repre
sent hydrogen bond acceptor (HBA) (ChCl), red spectra represent hydrogen 
bond donor (HBD) (LA) and blue spectra represent NADES (ChCl-LA). 
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of 3395 cm− 1 and a minor peak representing the C––H double bond 
molecule was observed at 2993–2913 cm− 1. In the study of Păucean, 
Vodnar, Mureșan, Fetea, Ranga, Man, Muste and Socaciu [48], lactic 
acid spectrum displayed prominent peaks between 1800 and 600 cm− 1 

and a peak at 1717 cm− 1 which was due to C––O stretch representing 
carboxylic acid group. Similar peaks were also reported in the lactic acid 
spectrum obtained in the present study. The fingerprint region with 
wavenumber 1123 cm− 1 belonging to carboxylic acid group is used to 
distinguish lactic acid from other products [49]. To compare the indi
vidual NADES components with the synthesized NADES, it was observed 
that two main peaks undergo structural and conformational changes as 
shown in the blue spectrum in Fig. 1. First, a longer stretch was observed 
that is the O–H peak of the ChCl-LA with a wavenumber 3322 cm− 1, 
this could be due to the hydrogen bond interaction between ChCl and LA 
[50]. Moreover, the unique peak that differ lactic acid from other 
products was reduced from 1123 to 859 cm− 1 indicating a structural 
change that may have resulted from the combination of the lactic acids 
and choline chloride. 

3.3. Screening for the optimal NADESs for recovery of bioactive 
compounds from date seeds 

All the various NADES were presented in Fig. 2, the NADES with 
sugar-based hydrogen donors were very viscous and transparent 
(glucose, xylitol and xylitol) with the exception of sucrose which was 
viscous and faintly yellow. Similarly, the carboxylic acid-based and 
polyalcohol-based NADES were all transparent in appearance. The effect 
of UAE on the date seed powder for optimal recovery of total phenolic 
compounds (TPC) using seven different NADES was presented in Fig. 3a. 
The improvement in the recovery of the bioactive compounds when 
utilizing UAE is generally due to the acoustic cavitation which generate 
bubbles and cause a rise in pressure and temperature as the bubbles 
collapse there is a disruption in the date seed cell wall matrix permitting 
the release of the bioactive compounds [8] The effect of using UAE in
cludes cell wall disruption, facilitate solvent penetration and allow the 
release of bioactive compounds effectively [8,51]. Also, the ability of 
NADES to extract bioactive compounds is related to its physicochemical 
characteristics such as viscosity, pH, polarity, and the type of in
teractions between the hydrogen bond donor and acceptors [52]. The 
NADES utilized in the study are the ChCl-based NADESs comprising of 
carboxylic acid-based HBD, sugar-based, and polyalcohol-based HBD as 
presented in Table 1. Seven different NADESs were applied at 70 % 
concentration with the addition of 30 % water in order to reduce the 
viscosity, enhance the mass transfer rate, improved extraction yield, and 
better handling of the solvents [10,53]. In this study, the highest re
covery of total polyphenolic compounds was obtained in the carboxylic 
acid-based HBD, followed by sugar-based and polyalcohol-based HBD 
(ChCl-LA = ChCl-MA > ChCl-Xylo = ChCl-Suc > ChCl-Xyli = ChCl- 

Glu > ChCl-But with the yield varies from 125.26 ± 3.31 to 
76.57 ± 2.96 mg GAE/g powder (Fig. 3a). The differences in the results 
may be due to the different structural bonds between the NADES mol
ecules and their interaction with the phenolic compounds [54,55]. 
Furthermore, carboxylic acid-based NADES are more polar compared to 
sugar and polyalcohol-based NADESs which resulted in a higher re
covery rate of TPC [17], hence greater extraction yield was achieved by 
carboxylic-based HBD [11,56]. In addition, the pH of the various 
NADESs also contributes to the yield of TPC as polar and more acidic 
NADESs result in a higher recovery rate of polyphenolic compounds 
[10,43]. Similarly previous studies has reported that during the 
extraction of phenolic compounds from Chinese dark tea, carboxylic- 
based NADES had the optimal yield [57]. Furthermore, for the extrac
tion of flavonoids from DSP, the highest yield was found in the order of 
(ChCl-LA = ChCl-But > ChCl-Xylo > ChCl-MA = ChCl-Xyli > ChCl- 
Suc = ChCl-Glu (Fig. 3a). It was previously reported that highest 
extraction or recovery of the total flavonoids from sour cherry pomace 
was found to be in carboxylic acid-based NADES [58]. In addition, 
NADES with branched-chain polyalcohol is also suitable for the 
extraction of less polar compounds like flavonoids [59,60], which could 
be the reason for the high recovery with ChCl-But in this study. The total 
flavonoid content (TFC) from date seed powder showed no significant 
difference (P > 0.05) among the carboxylic acid (ChCl-LA) and poly
alcohol (ChCl-But)-based HBD with corresponding values of 
79.99 ± 1.08 and 80.01 ± 0.85 mg QE/g powder, respectively. Similar 

Fig. 2. The various NADES used in this study. From the left to right: Choline chloride-Glucose (ChCl-Glu), Choline chloride -Sucrose (ChCl-Suc), Choline chloride- 
Xylitol (ChCl-Xyli), Choline chloride-Xylose (ChCl-Xylo), Choline chloride-Lactic acid (ChCl-LA), Choline chloride-Malic acid (ChCl-MA), choline-1,4 Butanediol 
(ChCl-But). 
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noid content (TFC) (mg QE/g powder) of date seeds extracted with 70 % NADES 
80 % ethanol and methanol. Different letters on the bars showed significant 
differences among different samples (p < 0.05). Value represents 
mean ± SD (n = 3). 
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results were found for the extraction of flavonoids using lactic acid and 
1,2-propanediol as HBD from inflorescences of Helichrysum arenarium L. 
[60]. 

The antioxidant activity of date seed powder extracted with green 
solvents was studied in relation to bioactive compounds since they are 
significantly involved in the antioxidant activity of natural products 
[10,61,62] This study investigated the antioxidant activity of the 
different NADESs extracts using three antioxidant assays (ABTS radical 
scavenging activity, DPPH radical scavenging activity, and FRAP ac
tivity). It is pertinent to note that amongst the different HBD utilized, the 
carboxylic-based HBD (ChCl-LA) showed higher antioxidant activity 
compared to the other extraction solvents as shown in Fig. 3b. 

Also, the extraction efficiency of NADESs was compared with con
ventional solvents. The extraction was conducted with 80 % ethanol and 
80 % methanol as reference solvents using the same extraction tech
niques with NADESs. The result agrees with previous studies which 
suggest that NADESs could be used as an efficient substitute for con
ventional solvents [10,25,57]. The NADESs have the ability to form a 
hydrogen bond between the target molecules to be extracted, by 
donating and accepting electrons consequently increasing the rate of 
mass transfer [10,54]. In this study, all the NADESs had significantly 
higher extraction potentials (P < 0.05) compared to the conventional 
solvents (ethanol and methanol). From the results of bioactive com
pounds extraction and antioxidant activity of date seeds using 7 
different NADES and UAE, it was observed that carboxylic acid-based 
HBD (ChCl-LA) had the highest extraction yield and was further uti
lized in the optimization process. 

3.4. Model fitting 

The results from the experimental modeling indicated in 
Table 2, that the TPC and DPPH scavenging activity ranged 
from 89.92 ± 0.77–152.69 ± 1.04 mg GEA/g DSP and 
285 ± 0.26 ± 747.05 ± 0.20 mmol TE/g DSP, respectively. The results 
from the ANOVA table revealed that the model was highly significant 
(P < 0.0001), while the lack of fit of each model was not significant 
(P > 0.05) revealing that the model adequately described the relation
ship between the independent variables (extraction time, solid to solvent 
ratio, % NADES content and amplitudes) and the dependent variables 
(TPC and DPPH). The R2 and the adjusted R2 of all the responses were 

>0.92, indicating a good model with a high degree of correlation be
tween the experimental and predicted values Table 3. The three- 
dimensional (3D) response surface plots corresponding to the in
teractions among the variables were presented in Fig. 4. 

3.5. Effect of the independent variables on the dependent variable (TPC) 

The effect of independent variables on TPC as presented in Table 3. 
The effect of % NADES content (X3) and the solid-to-solvent ratio (X4) in 
the extraction of phenolic compounds was significant with contributions 
of 70 % and 1:30 g/ml, respectively. The % NADES content had a posi
tive significant effect (P < 0.001), which reveals that higher % NADES 
content was able to extract more bioactive compounds from the date 
seeds. Also, the different levels of % NADES content have different 
extraction efficiency indicating the role of water in the extraction of 
phenolic compounds. The highest extraction efficiency was observed 
with 70 % NADES content, the solid to solvent ratio of 0.03 g/ml at 80 % 
US amplitudes and the extraction time of 20 mins as shown in Table. 2. 
These results indicates that the water content present in the NADES 
changes the polarity and viscosity of NADES leading to differences in the 
extraction yield. Studies have shown that the amount of water in NADES 
determines the extraction efficiency of bioactive compounds 
[56,63–66]. In the ultrasound-assisted extraction of phenolic com
pounds from Lavandula angustifolia flowers using NADES (choline 
chloride: glycerol) at a molar ratio of 1:2, the optimal % NADES content 
was 66.5 %, the amplitudes, liquid to solvent ratio, and extraction time 
was 60 %, 31.7 ml/g, and 17.5 min respectively [67]. Similarly, in the 
extraction of phenolic compounds from Moringa oleifera leaves, the 
optimal %NADES was 63 % when extraction was carried out at tem
perature and ultrasonic power of 40 ◦C and 144 W, respectively [56]. 
Similarly, it is important to consider the volume of NADES and the mass 
of the natural product to be extracted, as large quantity of solvents do 
not support the extraction principle of green chemistry. A large volume 
of solvent could result in wastage and complication of experimental 
design, however, low quantity of solvents may lead to partial extraction 
of the compounds of interest. The rate of mass transfer of bioactive 
compounds is influenced by the solid-to-solvent ratio [68]. The 
quadratic effects of X1

2, X2
2, and X3

2 showed a significant effect on TPC. In 
addition, the significant interactive effects of the independent variables 
on TPC were observed between the extraction time (X1) and the 
amplitude (X2), and between amplitude (X2) and solid-to-solvent ratio 
(X4). Equation (2) represents the effect of the independent variables on 
TPC. 

YTPC = 131.5+ 1.61X1 + 1.34X2 + 22.79X3 − 17.23X4 − 15.72X1X2

+ 2.10X1X3 − 0.74X1X4 + 1.46X2X3 + 8.75X2X4 + 4.65X3X4

− 8.47X2
1 − 6.53X2

2 − 14.13X2
3 + 2.59X2

4

(2) 

To describe the interaction independent variables had with TPC, the 
3D surface plots were developed as presented in Fig. 4. The ultrasound 
amplitude and extraction time were increased at a fixed % NADES 
content and solid to solvent ratio Fig. 4a. The recovery of TPC from date 
seeds significantly increased at the upper limit of amplitude and slightly 
above the lower limit of the extraction time, which support the fact that 
higher extraction time may oxidize phenolic compounds resulting in 
degradation of phenolic compounds [64,69]. The UAE increases the 
extraction yield of bioactive compounds by disrupting the intracellular 
membrane and facilitating solvent penetration into the plant matrix 
[64,70]. Nevertheless, higher extraction time may oxidize phenolic 
compounds resulting in degradation of TPC [64,69]. In the present 
study, Fig. 4e shows the interactions between the solid-to-solvent ratio 
and amplitude at a fixed extraction time and % NADES content. The 
results showed that extracted phenolics increased as the US amplitude 
increased, demonstrating the optimal value at 90 %. However, the in
crease in solid-to-solvent ratio decreases the TPC from date seed powder, 
and the optimal extraction from date seed powder was observed at the 
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FRAP) (mmol TE/g powder) of date seeds extracted with 70 % NADES 80 % 
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lowest solid-to-solvent ratio (0.03 g/ml). The reason for the maximum 
extraction yields of phenolic compounds at 0.03 g/ml could be as a 
result of the NADESs molecules having a maximum molecular interac
tion between the phenolic compounds, penetrating all the cell walls of 
the date seed powder. Thus, when the solid to liquids ratio were 
increased the molecular interactions between the NADES and the 
phenolic compound might have weakened resulting in a decrease in the 
extraction efficiency. The rate of diffusion of the solvent into the intra
cellular membrane is determined by the solid-to-solvent ratio [68]. In 
general, a lower solid-to-solvent ratio has more potential to penetrate 
and dissolve the biomolecules resulting in a higher extraction yield. In 
addition, the hydrogen bond interactions within the NADES lead to an 
increase in the extraction yield of the bioactive compounds [71,72]. In 
the extraction of flavonoids from Oroxylum indicum seeds using 
chloride:1,4-butanediol-based DES, the liquid to solid ratio experience a 
gradual increase from 5:1 to 20:1 with optimal extraction yield in the 
four flavonoids (oroxin B, oroxin A, balcalein, and chrysin) being ach
ieved at 20:1. However, increasing the liquid to solid ratio from 40:1 to 
100:1 the extraction yields were reduced [68]. The consideration of 
solid to solvent ratio as a factor when optimizing the extraction of 
bioactive compounds using DES/NADES cannot be over emphasized as it 
is one of the major factors influencing the extraction efficiency. 

3.6. Effect of the independent variables on DPPH radical scavenging 
activity 

In this study, the effect of the independent variables on DPPH radical 
scavenging activity of NADES-based date seed extract was presented in 
the Table 3. The model was highly significant with P < 0.0001, and the 
DPPH radical scavenging activity was significantly influenced by % 
NADES content (X3) and solid-to-solvent ratio (X4) (P < 0.0001). The 
quadratic effects X1

2, X2
2, and X3

2 showed a significant negative effect on 
DPPH radical scavenging activity. In addition, among the interactive 
effects of the variables on DPPH radical scavenging activity, it was 
observed that there were negative significant interactions between the 
extraction time (X1) and amplitude (X2) and also, positive significant 
interactions between % NADES content (X3) and solid-to-solvent ratio 
(X4). The DPPH antioxidant scavenging activity of this model was pre
sented by equation (3) and the 3D surface plots were presented in Fig. 5 
(a-f). In this study, a similar trend was observed in the relationship be
tween the independent variables on TPC and DPPH radical scavenging 

activity with similar significant impact on the interactive effects of the 
3D surface plots. This model shows a good linear relationship between 
the TPC and the DPPH radical scavenging activity. Some studies have 
shown that there is a good linear correlation between polyphenolic 
content and antioxidant activity [56,63,73]. 

YDPPH = 634.36+ 17.25X1 − 5.71X2 + 134.51X3 − 116.41X4 − 77.57X1X2

+ 35.17X1X3 + 7.05X1X4 + 12.38X2X3 + 25.32X2X4 + 5.2X3X4

− 62.90X2
1 − 48.63X2

2 − 88.86X2
3 − 7.03X2

4

(3)  

3.7. Verification of the model using the optimal predicted NADES and 
UAE conditions 

To determine the reproducibility and the reliability of the RSM 
design, the predicted conditions obtained from the model were experi
mentally verified. The conditions for the optimization of the model were 
obtained based on regression analysis of the variables and the 3D surface 
plots. The optimal conditions under which higher TPC and DPPH radical 
scavenging activity were achieved are extraction time (15 min), ampli
tudes (90 %), % NADES content (70 %), and solid-to-solvent ratio 
(0.03 g/ml). The predicted values for TPC and DPPH radical scavenging 
activity were 146.22 mg GAE/g powder and 718.57 mmol TE/g powder 
and the experimental values were 145.54 ± 1.54 mg GAE/g powder and 
71919 ± 2.09 mmol TE/g powder. To predict the best conditions to 
obtain the maximum extraction efficiency for TPC and DPPH radical 
scavenging activity, the function scale of desirability range from 0 to 1 
(0 = extremely undesirable, and 1 = extremely desirable response). In 
this study, the desirability function of the optimized model was 0.97. 
The experimental results reported were close to the predicted results 
generated using the RSM which validated the model. 

3.8. HPLC analysis of the phenolic compounds present in the NADES 
extracted DSP 

The phenolic compounds present in the date seed extracts obtained 
using the optimal NADES (ChCL-LA) and two conventional extraction 
solvents (80 % ethanol and 80 % methanol) were identified and quan
tified as presented in Table 4. A total of 14 different phenolic compounds 
were identified and quantified, 8 compounds were identified in samples 
extracted with NADES (ChCL-LA), 5 compounds in samples extracted 

Table 3 
Regression coefficient values generated for the antioxidant capacity of the date seed phenolic extract.  

Source TPC DPPH radical scavenging activity 

SS DF MS F-value P-value SS DF MS F-value P-value 

Model  14524.18 14  1037.44  23.91 <0.0001a 5.794E + 05 14  41382.32  31.80 <0.0001a 

X1-Time  31.07 1  31.07  0.72 0.4140 3569.37 1  3569.37  2.74 0.1236 
X2- Amplitude  21.39 1  21.39  0.49 0.4960 391.48 1  391.48  0.3008 0.5934 
X3-% NADES Content  7176.56 1  7176.56  165.39 <0.0001a 2.742E + 05 1  2.742E + 05  210.74 <0.0001a 

X4-Solid/Solvent  4283.12 1  4283.12  98.71 <0.0001a 2.125E + 05 1  2.125E + 05  163.31 <0.0001a 

X1X2  987.84 1  987.84  22.77 0.0005b 24065.32 1  24065.32  18.49 0.0010b 

X1X3  17.68 1  17.68  0.41 0.5352 4947.72 1  4947.72  3.80 0.0749 
X1X4  2.16 1  2.16  0.05 0.8272 198.81 1  198.81  0.1528 0.7027 
X2X3  8.56 1  8.56  0.19 0.6649 613.06 1  613.06  0.4711 0.5055 
X2X4  306.08 1  306.08  7.05 0.0209c 2563.40 1  2563.40  1.97 0.1858 
X3X4  0.4900 1  0.4900  0.01 0.9171 8028.16 1  8028.16  6.17 0.0288c 

X12  461.20 1  461.20  10.63 0.0068c 17366.53 1  17366.53  13.35 0.0033c 

X22  288.94 1  288.94  6.66 0.0241 9767.91 1  9767.91  7.51 0.0179c 

X32  828.73 1  828.73  19.10 0.0009b 17960.41 1  17960.41  13.80 0.0030c 

X42  96.83 1  96.83  2.23 0.1611 3022.71 1  3022.71  2.32 0.1534 
Residual  520.70 12  43.39   15615.95 12  1301.33   
Lack of Fit  511.86 10  51.19  11.59 0.0820 11415.16 10  1141.52  0.5435 0.7913 
R2  0.9654     0.9738     
Adjusted R2  0.9250     0.9431     
Predicted R2  0.8039     0.8736     

X1-Extraction time (minutes), X2- Ultrasound amplitude, X3-% NADES content, X4-Solid/solvent ratio, SS-Sum of squares, DF-Degrees of freedom, MS-Mean square, R2- 
Quadratic correlation coefficient. a- (p < 0.0001), b-(p < 0.001), c-(p < 0.05). 
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Fig. 4. Response surface plot showing the combined effect of ultrasound power and time (a), percentage NADES contents and time (b), solid/solvent ratio and time 
(c) percentage NADES content and ultrasound power (d), solid/solvent ratio and ultrasound power (e) and solid/solvent ratio and percentage NADES contents (f) on 
the total phenolic content (TPC) of date seeds extracted with NADES (ChCl-ssLA). 
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Fig. 5. Response surface plot showing the combined effect of ultrasound power and time (a), percentage NADES contents and time (b), solid/solvent ratio and time 
(c) percentage NADES content and ultrasound power (d), solid/solvent ratio and ultrasound power (e) and solid/solvent ratio and percentage NADES contents (f) on 
DPPH radical scavenging activity demonstrated by date seeds extracted with NADES (ChCl-LA). 
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with 80 % ethanol, and 6 compounds in samples extracted with 80 % 
methanol. The phenolic compounds identified were categorized into 
hydroxybenzoic (gallic acid, 3,4-Dihydroxy benzoic acid, 4 hydrox
ybenzoic acid, vanillic acid, syringic acid, and benzoic acid), hydrox
ycinnamic (ferulic acid, p-coumaric, caffeic, cinnamic acid, and 
chlorogenic acid) and flavanol (quercetin, catechin, and rutin). The 
presence of these phenolic compounds corresponds with the previous 
HPLC-based analysis and identification of date seed phenolic com
pounds [74,75]. The primary phenolic compounds from ChCL-LA 
extract were 3,4-Dihydroxy benzoic, catechin and caffeic. In 80 % 
ethanol extract, the major phenolic compound was benzoic acid, and 
3,4-Dihydroxy benzoic, whereas, in 80 % methanol extract, gallic acid 
followed by catechin were the major phenolic compounds. The 3,4- 
Dihydroxy benzoic acid which was one of the highest quantified 
phenolic compounds is considered to possess good antioxidant activities 
[42,76]. 

4. Conclusion 

This study reveals that NADES coupled with UAE present a sustain
able and efficient green extraction approach for the optimal recovery of 
bioactive compounds with high antioxidant activity from date seed 
powder compared to conventional extraction solvents. Out of the seven 
NADES investigated in this study, ChCl-LA had the highest extraction 
efficiency for the recovery of the bioactive compounds and demon
strated highest antioxidant activity. The application of Box-Behnken 
design in the optimization process showed that % NADES content 
(70 %) and solid-to-solvent ratio of 1:30 g/mL were the main factors 
influencing the optimal extraction yield of phenolic compounds and 
DPPH radical scavenging activity. The optimal experimental conditions 
for attaining the maximum recovery of phenolic as reflected by TPC 
(145.54 ± 1.54 mg GAE/g powder) and DPPH radical scavenging ac
tivity (719.19 ± 2.09 mmol TE/g powder) were extraction time of 
15 min, US amplitude of 90 %, % NADES content of 70 % and solid-to- 
solvent ratio of 1:30 g/ml. While the predicted values for TPC and 
DPPH radical scavenging activity were 146.22 (mg GAE/g powder) and 
718.57 (mmol TE/g powder), respectively. Catechin, 3,4-dihydroxyben
zoic acid, and caffeic acid were the major polyphenolic compounds 
present in the date seed extracts. This study also illustrates the impor
tance of date seed valorization and the use of sustainable and eco- 
friendly green extraction techniques for recovery of bioactive com
pounds with high antioxidant activity which could find useful applica
tions in the food, pharmaceutical, and cosmetics industries. 
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