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ABSTRACT 

 

Ziziphus jujube known as red dates are natural flora, are a rich source of antioxidant bioactive 

compounds and are widely used in making Chinese traditional medicine. However, the optimization of 

extraction conditions and demonstration of extraction kinetics of red dates remains a gap. Therefore, the 

main objective of this research was to enhance the antioxidant activity via DPPH, crude extract yield, 

and TPC by response surface methodology (RSM). Also, mathematical modeling of the TPC extraction 

kinetics was performed. Single-factor experiments were adopted to identify the preliminary RSM ranges 

of four extraction parameters such as liquid-solid ratio (10, 20, and 30 ml/g), extraction temperature (50, 

60 and 70°C), time (40, 50 and 60min), and ultrasonic power (70, 80 and 90%). The extraction kinetics 

based on RSM optimized conditions were modeled into six extraction kinetic models. As result, the 

highest crude extract yield (4.56 g), highest TPC (0.023 g GAE/g extract), and highest antioxidant 

activity (85.88%) were obtained at 60ºC. The optimum values were liquid-solid ratio 30ml/g, extraction 

temperature 60°C, time 60 min, and ultrasonic power 70%. The antioxidant activity of red dates after 

optimization (90.59%) was higher than that of synthetic antioxidants, Butylated Hydroxytoluene 

(84.71%), and Butylated Hydroxyanisole (77.73%). Furthermore, the best-fitted kinetic model was the 

second-order kinetic model due to its coefficient of determination (R
2
) at 0.9849, being the closest to 1 

and its root mean square error (RMSE) was the lowest, 0.001028 among other models.  
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1 Introduction  

Ziziphus jujuba Mil., referred as a red dates or Chinese dates 

belonging to the family Rhamnaceae, is a native fruit of Chinese 

culture (Ali et al., 2017; Bee Lin & Yen Leng, 2018). It is an 

outstanding source of bioactive compounds whose properties range 

from nutritional to nutraceutical. Red dates contain a high amount 

of macronutrients, vitamins, and minerals that are highly beneficial 

for those suffering from health issues such as insomnia, blood 

pressure, and high cholesterol (Morales et al., 2014). Research had 

proven that the most pronounced attribute of red dates was its 

antioxidant potential. Recently, research on preservation and 

extraction of antioxidants from natural sources are more driven by 

the fact that synthetic antioxidants like BHT and BHA may possess 

health hazards and they are restricted to use in food materials since 

they are a potent source to cause liver damage (Balyan & Sarkar, 

2017). Thus, investigation of the antioxidant potential of red dates 

to prevent chronic disease is worthwhile. In a recent study on 

southern Morocco dates variety, the results revealed that total 

phenolic content and antioxidant activity are a promising source 

for antioxidants (Alahyane et al., 2019). Due to high nutritional 

and nutraceutical properties, there are limited study reported the 

optimization of extraction conditions which could result in 

increasing the yield of the crude extract along with higher TPC and 

antioxidant activity in red dates. Response surface methodology is 

also known as RSM optimization along with Box-Behnken Design 

(BBD) experimental design was commonly used due to its high 

coherence, lesser runs, and low cost (Anuar et al., 2013; Ali et al., 

2018). However, there is limited study on the optimization of 

extraction conditions of red dates based on multiple responses 

simultaneously (crude extract yield, TPC yield, and antioxidant 

activity) (Ngo et al., 2017). 

In real-life scenarios, extraction is not preceded immediately after 

the plant or plant parts are harvested. In such situations, high 

moisture content can promote microbial contamination, degrade 

the bioactive compounds, and ultimately results in loss of its 

antioxidant potential (Toğrul & Pehlivan, 2004; Chua et al., 2019a; 

Chua et al., 2019b; Choo et al., 2020). Thus, drying is 

implemented to enhance the quantity and quality of the plant and 

plant parts for further processing. High temperature may induce 

degradation of the compounds and low temperature may not have 

enough energy to remove the moisture to the desired level. 

Therefore, the oven drying method is more convenient and its 

drying process is uniform. Besides that, rapid evaporation of water 

takes place in the oven due to high vaporization. Thus, the present 

study aimed to identify the appropriate drying temperature that 

yields high TPC and antioxidants in red dates for future reference. 

On large scale, solid-liquid extractions are enforced to acquire the 

crude extract from any medicinal herb. Extraction techniques have 

evolved from the conventional (maceration, soxhlet, and 

distillation) to non-conventional (microwave-assisted (MAE), 

ultrasound-assisted (UAE), supercritical fluid (SFE), pulse electric, 

enzyme assisted, pressurized liquid, pressurized hot water) 

extraction techniques. Among all extraction methods, the 

ultrasound-assisted extraction method (UAE) is the method opted 

by researchers in terms of simplicity and effectiveness with 

reduced solvent and energy usage (Ali et al., 2018). Its 

fundamental benefit lies in its potential to extract and retain the 

bioactive compounds at a relatively low temperature without 

compromising the yield with equal effectiveness (Dias et al., 

2017). 

Mathematical modelling provides a swift and inexpensive method 

to determine, predict and control the extraction process. Both 

statistical and empirical approaches are adopted by researchers for 

the complete conception of the entire process and the significant 

factors that influence them. From a statistical point of view, 

response surface methodology (RSM) is implemented to examine 

and optimize the whole process. When the empirical approach is 

concerned, kinetic models are utilized to investigate the kinetics of 

the process (Dias et al., 2017). Response surface methodology 

(RSM) has been successfully implemented in the previous works 

to optimize the extraction of antioxidants. The most widely used 

kinetic models for describing the extraction of antioxidants are the 

logarithmic model, Peleg’s model, second-order rate law, Page’s 

model, Ponomaryov’s model, two-site kinetic model, Power-law, 

Fick’s law of diffusion (Ali et al., 2018). As far as our 

understanding, there remains a major gap involving the 

preservation and extraction of antioxidants from red dates 

efficiently and effectively. Thus, it is important to study the drying 

and extraction processes of red dates which affect the phenolic 

content and antioxidant activity. Firstly, the current study aimed to 

identify the best drying temperature of the antioxidants in red 

dates. Secondly, study was conducted to adopting both statistical 

and empirical approaches. The goal of prevailing research is also 

to determine the effectiveness of ultrasound on the extraction of 

antioxidants from red dates and optimise its extraction conditions 

via RSM and kinetics modelling. Furthermore, the comparison will 

be drawn between the optimised red dates extract and synthetic 

commercial antioxidants (BHT and BHA) to ascertain the 

antioxidant potential of red dates. 

2 Materials and Methods  

2.1 Chemical Reagent 

The reagents and solvents used for this study were gallic acid, 

99.9% ethanol (HPLC grade 99.9%), FC reagent, sodium 

carbonate (Na2CO3), and DPPH (2,2-diphenyl-1-picrylhydrazyl). 

Chemicals mentioned above are purchased from Evergreen 
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Engineering & Resources (Evergreen Engineering & Resources 

Sdn. Bhd., Selangor, Malaysia) and Chemolab (Chemolab Supplies 

Sdn. Bhd., Selangor, Malaysia). 

2.2 Preparation and Pre-Treatment of Red Dates  

Red dates (900g) were purchased and thoroughly washed with 

distilled water before the seeds of the fruits were removed. The 

initial weight was measured by a digital balance (TX423L, 

Shimazdu Corporation, Japan). About 50g of red dates were dried 

using an air-forced convective oven (Model UN75, Memmert, 

Germany) at different temperatures of 50ºC, 60ºC, 70ºC, and 80ºC 

until a persist weight was noted. The dried dates were ground to 

powder with help of a household blender and stored for future use. 

Subsequent analysis of crude extract yield, total phenolic content, 

and antioxidant activity (described in subsequent sections) were 

implemented by the extraction method reported in section 2.3 to 

identify the optimum pre-treatment temperature before extraction 

(Bee Lin & Yen Leng, 2018). 

2.3 Ultrasound-Assisted Extraction (UAE) and Total Phenolic 

Content (TPC) Analysis of Red Dates 

Ultrasound-assisted extraction of red dates was conducted 

according to the procedures reported in previous research with 

slight modifications (Al Harthi et al., 2015; Ali et al., 2017).  

Powdered red dates were extracted with ethanol (1:15 g/ml) for an 

hour in an ultrasonic bath (P120H, Elmasonic, Germany). The 

sonicated water bath functioned at 60°C, 70% input power, and 37 

kW of operating frequency. Following the extraction, the mixture 

was filtered using Whatman filter paper no. 1. The supernatant was 

evaporated using a rotary vacuum evaporator (Hei-VAP Platinum 

3, Heidolph, Germany) at 40°C and 1 bar. The dried crude extract 

was stored under 4°C for further analysis. 

2.4 Quantification of Crude Extract Yield and TPC from Red 

Dates 

The crude extract yield was measured using an analytical balance 

(HR-250AZ, A&D, Japan) and equation (1). To determine the TPC 

in the respective extract, 1 g of Folin-Ciocalteu (FC) phenol 

reagent was mixed with 99.9 ml of deionized water to prepare 10% 

(v/v) of Folin-Ciocalteu phenol reagent solution (Qu et al., 2010). 

Further, 7% of sodium carbonate (Na2CO3) solution was prepared 

in the same manner. Samples were developed by dissolving 1 g of 

crude extract in 15 ml of distilled water. To the above extract, 5 ml 

of 10% FC reagent, 4 ml of 7% Na2CO3 solution, and sample 

extracts were all mixed and kept at room temperature (26ºC) for an 

hour. About 0.2 ml of the resulting solution was poured into 96-

well plate and the absorbance was noted via microplate 

spectrophotometer at 765 (Epoch 2, BioTek, USA). Pure ethanol 

was used as a blank solution. TPC in red dates extract was 

determined regarding the gallic acid calibration curve (r
2
 = 0.9792) 

that was procured similarly. The experiments were performed in 

triplicates and denoted as g gallic acid equivalent/g of dried weight 

extract ± standard deviation. 

 Crude extract yield =
𝑊𝑐

𝑊𝑑
× 100%                   (1) 

Where Wc and Wd are the weight of the crude extract and red date 

powder sample in grams, respectively. 

2.5 Determination of the Antioxidant Activity of Red Dates 

To determine the antioxidant potential of red dates, DPPH analysis 

was used with slight modifications (Qu et al., 2010). About 270 μl 

of 0.1 mM DPPH solution in ethanol was added to 30 μl of sample 

extract and the resulting mixture was kept in dark for about 30 

min. Later, 0.2 ml of the same mixture was transferred into a 96-

well plate and the absorbance of the samples was read by 

microplate spectrophotometer at 515 nm. The antioxidant activity 

was calculated using Equation. (2). Each procedure was repeated 

thrice and values were expressed as % activity ± standard 

deviation.       

                  

                                  

Where Abscontrol is the absorbance of the control sample and 

Abssample is the absorbance of the extracted sample (Chua et al., 

2019a; Choo et al., 2020). 

2.6 Identification of Best Drying Temperature and Response 

Surface Methodology (RSM) Optimisation 

The drying of red dates and extraction procedures were described 

in sections 2.2 and 2.3. Four different drying temperatures with a 

10°C interval (50 to 80°C) were studied. Single-factor experiments 

were performed based on the selected drying temperature to 

investigate their impact on three targeted responses (crude extract 

yield, TPC, and antioxidant activity). The preliminary response 

surface methodology (RSM) operating ranges of the extraction 

parameters were identified and validated from single-factor 

experiments (Kang et al., 2019; Choo et al., 2020). 

 

 
2.7 Optimisation of Extraction Conditions and Validations of 

Optimum    Extraction Conditions 

A four-factor, three-level Box-Behnken experimental Design 

(BBD) with a total of 28 runs was adopted to optimize the 

Y=βo+  βixi+  βii

k

i=1

xi
2+   βijxixj           (3) 

k

i=2
j

k

i=1

 

Scavenging activity  % =
Abscontrol-Abssample

Abscontrol
×100%  (2)                                   
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ultrasound-assisted extraction of antioxidants from red dates (Qu et 

al., 2010) using Design Expert Software Ver. 7.0 (Stat-Ease Inc, 

Minneapolis, USA). The three responses for optimization, namely 

crude extract yield (y1), TPC (y2), and DPPH scavenging activity 

(y3) were fitted to a second-order polynomial regression equation 

Eq. (3). 

Where Y is the response variable, and Xi and Xj are the independent 

variables (i and j range from 1 to k), 𝛽𝑜  is a constant, 𝛽𝑖 , 𝛽𝑖𝑖 , and 

𝛽𝑖𝑗  are the regression coefficients of linear, quadratic, and 

interactive terms respectively, k is the number of parameters (4 for 

present research).  

Table 2 shows the BBD runs, experimental and predicted 

responses which are average of triplicate experiments ± standard 

deviation. Analysis of variance (ANOVA) was used to identify the 

significance (ρ < 0.05) of the developed models as well as the 

extraction parameters. The optimum conditions were validated 

with additional experiments and the differences between the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

experimental and predicted results of the responses (y1, y2, and y3) 

were calculated using Eq. (4).  

      Difference (%) =      
 yexperimental −ypredicted  

yexperimental
× 100%      (4)   

2.8 Extraction Kinetic Modelling of Red Dates and Validation  

The kinetic models of interest for the present study were Page’s 

model, first-order, second-order, Peleg’s model, Logarithmic 

model, and Ponomaryov’s model kinetic model. All six models 

were used to elucidate the extraction parameters of TPC (Table 1). 

The kinetic models were solved and the statistical coefficient of R
2
 

and RMSE were determined using Microsoft excel solver 

(Microsoft Excel 2010, USA) and Matlab curve fitting tool (The 

MathWorks Inc., USA). The final results of the best-fitted kinetic 

model was obtained by comparing the experimental and predicted 

values of TPC under controlled conditions for three different 

extraction periods of 45, 65, and 85 min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 Popular Extraction Kinetic Models for Plants Model 

Name Equation Range of Constants Applications Reference 

Peleg’s 
𝐶 𝑡 = C0 +

𝑡

K1 + K2𝑡
 

K1: 0.063-4.414 Asteraceae plants, Vitis 

vinifera, pomegranate marc, 

Soybeans 

Jokic et al., 2010; Qu 

et al., 2010 

 
K2: 0.025-0.039 

Page’s 

𝐶 𝑡 = −𝑒−k𝑡n
 k: -2.737-(-0.297) 

Asteraceae plants, Theobroma 

cacao, soybeans 

Jokic et al., 2010;  Hii 

et al., 2009 

 
n: 0.055-0.481 

 

Ponomaryov’s 

1 −
𝑞𝑖

𝑞𝑒
= b + k1𝑡 

  

b: 0.754-0.773 

Pomegranate marc, barley 
Qu et al., 2010; 

Paunović et al., 2014 
k3: 0.00076-0.00103 

First Order 

Ct = Ce(1 − e−k1t) 

k1: 0.00794-0.187 Jamun, Tilia sapwood 

Balyan & Sarkar, 

2017; Harouna-

Oumarou et al., 2007 

Second Order 
𝐶𝑡 =

𝐶𝑒
2k𝑡

1 + 𝐶𝑒k𝑡
 

k2: 0.115-6.314 
Pomegranate marc, Asteraceae 

plants 

Qu et al.,  2010 

 

Logarithmic 

𝐶 𝑡 = a ∙ log 𝑡 + b a: 2.466-6.3379 

Asteraceae plants, soybeans Guerrero et al.,  2008 
b:-3.277-14.447 

Here C(t): Concentration of TPC at time t, C0: Initial concentration of TPC, Ce: Equilibrium concentration of TPC in extract, K1 : Peleg’s rate 

constant (gDM mgGAE
-1), K2: Peleg’s capacity constant (gDM mgGAE

-1), k,n: Page’s constants, qi: Concentration of TPC in the plants during 

extraction, qe: Equilibrium concentration of TPC in the plants, b: Washing coefficient, k3: Slow extraction coefficient (min-1), k1: first order rate 

constant (min-1); k2: second order rate constant (gpowder/mg min), a, b: Logarithmic constants 
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3 Results and Discussion 

3.1 Impact of Drying Temperature on Antioxidant Activity of 

Red Dates 

The impact of four different drying temperatures on red dates was 

investigated based on crude extract yield, TPC, and antioxidant 

activity (Table 2). The results portrayed at 60°C had the highest 

yield (4.56 g), TPC (0.023 g GAE/g extract), and DPPH 

antioxidant activity (85.88% activity) among the four temperatures 

investigated. The heat energy produced at this temperature was 

sufficient to disintegrate the bonds linking phenolic compounds 

and the insoluble fibres of red dates (Qu et al., 2010).  

 

 

 

 

 

 

 

3.2 Single-Factor Experimental Design  

Preliminary single factor experimental design was conducted to 

identify the response surface methodology (RSM) ranges for four 

extraction factors: liquid-solid ratio, extraction temperature, time, 

and ultrasonic power. The enactment of each factor on crude 

extract yield, TPC, and antioxidant activity are detailed in section 

3.2.1 to 3.2.4 and the respective graphs are provided in online 

resource (Bee Lin & Yen Leng, 2018). 

3.2.1 Impact of Solid-Liquid Ratio on Crude Extract Yield, 

TPC and Antioxidant Activity 

The solid-liquid ratio is a significant factor that affects the crude 

extract yield, TPC, and antioxidant activity. Based on the results, 

the extract yield increased with a gradual rise in the ratio. The 

maximum extract yield of 1.905 g was achieved at the highest 

amount of 30 ml/g. At high ratios, more solvent was present in the 

extracting solution creating a higher concentration gradient that 

allowed the larger mass transfer of the system (Ali et al., 2018).  

Moreover, the rate of diffusion was high because of the increase in 

the surface contact area between solvent and sample. TPC and 

DPPH antioxidant activity followed the trend of extract yield 

where the highest values of 0.0277 g GAE/ g extract and 

 

 

Thus, the resulting antioxidant activity was improved with 

increased phenolic content extraction at 60°C. An incremental 

decrease in the results was observed beyond 60°C drying 

temperature. This might due to the thermal degradation of TPC 

that occurred at temperatures above 70°C. The loss of TPC 

decreased the antioxidant activity of red dates. The current findings 

are consistent with previous reports (López-Vidaña et al., 2016). 

Thus, a drying temperature of 60°C was used to dry the red dates 

for further extraction stages. 

 

 

 

 

 

 

 

 

 

91.69% antioxidant activity were also obtained at 30 ml/g. 

Therefore, the optimum range of the liquid-solid ratio used for 

optimization was 10, 20, and 30 ml/g. Similar findings were 

reported in a recent study (Alahyane et al., 2019). Hence, from the 

recent and current study, it is more evident that dates are loaded 

with high antioxidants. 

3.2.2 Impact of Ultrasonic Power on Crude Extract Yield, TPC 

and Antioxidant Activity 

Based on the results, all three outcomes increased with an increase 

in ultrasonic power. These outcomes might be caused by the 

formation and collapse of cavitation bubbles which was directly 

proportional to the amplitude of ultrasonic waves that passed 

through the medium (Kong et al., 2015). The larger frequency at 

high ultrasonication power led to intensified cavitation and the 

resulting shear stress caused by microstreaming from cavitation 

disrupted the cell wall. This mechanism accelerated the penetration 

of the solvent and released the antioxidants into and from red dates 

(Chemat et al., 2017). The highest yield (1.785%), TPC (0.0198 g 

GAE/ g extract), and DPPH antioxidant activity (86.1176% 

activity) of red dates were noted at 90% ultrasound power. At the 

same time, it was also noted that the results showed a drastic 

Table 2 Effects of Drying Temperature on Antioxidant Activity, TPC and Crude Extract Yield 

Temperature (°C) Crude extract yield (g) TPC yield (g GAE/g extract) Antioxidant activity (%) 

50 4.44±0.067 0.022±0.00006 85.18±0.98 

60 4.56±0.089 0.023±0.00009 85.88±1.24 

70 4.41±0.022 0.022±0.00004 84.71±0.75 

80 4.37±0.038 0.021±0.00001 84.47±0.42 
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decrease after 90% ultrasound power in all three aspects. The 

undesired outcomes might be due to the disintegration of the 

bioactive compounds and subsequently degraded its antioxidant 

potential. Previous studies had shown that high ultrasonication 

power increased the temperature of the extracting solvent which in 

turn degraded the thermos sensitive compounds and ultimately 

caused it to lose its properties (Zhou et al., 2017). Thus, the 

optimized ultrasonic power range was 70, 80, and 90%. 

3.2.3 Impact of Extraction Temperature on Crude Extract 

Yield, TPC and Antioxidant Activity 

Temperature rise rapidly favoured the extraction process, 

particularly TPC and DPPH antioxidant activity. The increasing 

temperature reduced the solvent viscosity and surface tension. This 

positively enhanced the cavitation mechanism (Qu et al., 2010). As 

a result, the collapse of the cavitational bubbles occurred and 

augmented the release of antioxidants from within. Furthermore, 

the swelling and loosening effect resulted from the thermal effect 

at high temperature might increase the diffusivity of the solvent 

into the red dates’ matrix and improved the mass transfer of the 

system (Moorthy et al., 2017). The best results of extraction yield 

(1.805 g), TPC (0.0232 g GAE/g extract), and DPPH antioxidant 

activity (85.333% activity) were achieved at 60
o
C. 

It is also known that high temperatures may also result in 

degradation of the phenolic content as observed during the 

experiments of ultrasound power. Similar results were also noted 

as temperature beyond 60
o
C reduced all three outcomes. Thus, it 

can be said with certainty that the phenolic content in red dates is 

thermos-sensitive and attention must be paid to this variable during 

the extraction process. Considering all factors, the appropriate 

temperature range of extraction for optimization was 50, 60, and 

70°C. 

3.2.4 Impact of Extraction Time on Crude Extract Yield, TPC 

and Antioxidant Activity 

A positive effect on extraction time was observed on all three 

results. The best outputs of extraction yield (2.007 g), TPC (0.0225 

g GAE/g extract), and DPPH antioxidant activity (80.7843% 

activity) were obtained at 50 min extraction duration. The fibrous 

structure of red dates would require a certain amount of time for 

effective extraction of the antioxidants. The initial increase in the 

outcomes could be attributed to the straightforward mechanism of 

ultrasound that rendered the plant cells during 50 min for effective 

extraction to take place.  The results began to decline past this 

point could be due to several reasons. Firstly, the loss of the 

phenolic compounds that led to the degradation of its antioxidant 

potential might be caused by the overexposure of ultrasound waves 

and excess heating over time. The degradation of antioxidant 

activity is due to the structural disintegration of phenolic 

compounds (Alzorqi et al., 2017). Secondly, the extraction of 

insoluble impurities due to the rupture of the red date’s cell wall 

might lower the solvent’s permeability into the fruit’s matrix (Qu 

et al., 2010). From the results obtained, the selected optimum time 

range of extraction for RSM optimization was 40 to 60 min. 

3.3 RSM Optimisation 

Adopting the results of the single-factor experiments, antioxidant 

extraction from red dates were optimized for the principal 

parameters of solid-liquid ratio (A), ultrasonic power (B), 

extraction temperature (C), and extraction time (D) following the 

BBD experimental design. BBD design with the responses of crude 

extract yield, TPC, and DPPH antioxidant activity obtained for 

each run is presented in Table 3.  

The data of yield, TPC, and antioxidant activity ranged in between 

0.845 and 2.175 g, 0.0155 and 0.032 g GAE/g extract, 67.97 and 

96.36% activity, respectively. Since the primary goal of this 

present research is to escalate the antioxidant capacity of the red 

dates, optimization was held only by focusing on the results of 

DPPH antioxidant with the highest desirability throughout 

numerical optimization. 

3.3.1 Second-Order Polynomial Regression Model Fitting 

Three different quadratic models were developed for three 

responses using multiple regression analysis. ANOVA was 

adopted to analyze the variables and the RSM models where 

significance was considered when ρ < 0.05.  

Additionally, F-test was also conducted to further verify the 

importance of the variables statistically. The final developed 

models excluding the non-significant terms of each response were 

given in Eqs. (4), (5), and (6). Overall, the developed models for 

crude extract yield, TPC and DPPH antioxidant activity were 

found to be significant with F-values of 5.08 (ρ = 0.0029), 5.78 (ρ 

= 0.0016) and 8.83 (ρ = 0.0002), respectively. Additionally, the 

correlation coefficient (R
2
) of the three models were found to be 

0.8455, 0.8042, and 0.8840 showing a strong correlation between 

the experimental and predicted responses (Moorthy et al., 2017).  

The adjusted correlation coefficients (R
2
) for all three models were 

determined to be 0.7412, 0.7670, and 0.8352, respectively. 

Besides, the absence of fit was not statistically significant in all 

instances (Xu et al., 2017). Coefficient of variance (CV) less than 

10% and adequate precision greater than 4 was highly desirable 

(Ali et al., 2018). CV for crude extract yield (7.86), TPC (8.56), 

and antioxidant activity (4.05) together with adequate precision for 

crude extract yield (16.4715), TPC (14.4323), and antioxidant 

activity (14.9205) solidified the validity of the developed models. 
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The results of ANOVA revealed some quite interesting outputs as 

it would seem ultrasound power did not have any statistically 

significant influence on the responses except for antioxidant 

activity. Furthermore, its negative quadratic effect can be observed 

for the antioxidant activity only. On the other hand, extraction 

temperature and time had a high significantly positive linear as 

well as negative quadratic influence on all three responses. Total 

phenolic content was not influenced by the liquid-solid ratio, 

however, this variable had a significant positive linear influence on 

both crude extract yield and DPPH antioxidant activity. The 

interactivity between ultrasound power and temperature had both 

positive and negative effects on TPC and antioxidant activity, 

respectively. Lastly, the interaction between time and temperature 

have a significant negative influence on crude extract yield.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In other words, it can be said with certainty that the two factors 

that majorly influenced the extraction of antioxidants from red 

dates are none other than temperature and time. The 3D response 

plots graphically showing the effects of the independent variables 

on all three responses are provided in Figure 1. 

The results of ANOVA revealed some quite interesting outputs as 

it would seem ultrasound power did not have any statistically 

significant influence on the responses except for antioxidant 

activity. Furthermore, its negative quadratic effect can be observed 

for the antioxidant activity only. On the other hand, extraction 

temperature and time had a high significantly positive linear as 

well as negative quadratic influence on all three responses. Total 

phenolic content was not influenced by the liquid-solid ratio, 

however, this variable had a significant positive linear influence on 

both crude extract yield and DPPH antioxidant activity. The 

interactivity between ultrasound power and temperature had both 

positive and negative effects on TPC and antioxidant activity, 

respectively. Lastly, the interaction between time and temperature 

have a significant negative influence on crude extract yield. In 

other words, it can be said with certainty that the two factors that 

majorly influenced the extraction of antioxidants from red dates 

are none other than temperature and time. The 3D response plots 

graphically showing the effects of the independent variables on all 

three responses are provided in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crude extract yield= -19.0265+0.0323A+0.3460C+0.3526 

  DPPH antioxidant activity= -472.8267+1.02092A+1.78563B 

  +13.76460C+2.28608D+0.032353BC-0.031961CD- 

D-0.00275CD-0.001555C2-0.001743D2    (4) 

TPC = 0.028 − 0.002498𝐶 + 0.001725𝐷 −

0.0026𝐵𝐶 −          0.0066C2                        (5)                                         

  0.024037B2 − 0.125086C2                     (6) 
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3.3.2 Numerical Optimisation and Validation  

Numerical optimization was adopted to optimize the independent 

extraction variables that displayed the highest antioxidant activity 

of red dates based on the three developed models.  The optimum 

extraction condition was found to be at 58.55
o
C with power, ratio, 

and time of 70%, 30 ml/g, and 59.93 min. Further, the validity of 

models was tested using validation experiments. The experimental 

value of DPPH antioxidant activity under optimum condition was 

90.59% whereas the predicted response was 98.24%. Since the 

difference between experimental and prediction antioxidant value 

was 8.44%, validation of the data was executed. 

Besides, the RSM-optimised antioxidant activity of red dates was 

compared with two commercial synthetic antioxidants to validate 

their potential. Both BHT (84.71%) and BHA (77.73%) showed a 

significantly lesser antioxidant activity than red dates (90.59%). 

Thus, verifying as a strong alternate source of natural antioxidant 

in future industrial applications. 

3.4 Comparison of Extraction Kinetic Models 

The kinetic extraction process was investigated from the empirical 

model data of TPC obtained under the optimized condition. During 

the single factor study, it was observed that the trend of TPC 

followed that of the antioxidant activity. Therefore, the data of 

TPC was utilized during the kinetic study. The respective kinetic 

constants for each model are listed in Table 4. The first and 

second-order models were derived from Fick’s diffusion laws,  

 

 

 

 

 

 

 

 

 

 

 

 

 

whereas, Page, Peleg, and Logarithmic models were derived based 

on moisture sorption curves (Cacace & Mazza, 2003). 

 

 

 

 

 

 

 

 

The validation of kinetic models was done by statistical 

correlations: R
2
 (coefficient) and RMSE (root mean square error). 

The fittings of the mentioned models to the experimental 

extraction data of TPC were in the order of Second-order kinetic 

model > first-order kinetic model > Logarithmic model > Page’s 

model > Peleg’s model > Ponomaryov model. The second-order 

model was found to be the best to distinguish the extraction of 

antioxidants from red dates provided it had R
2
 (0.9849) closest to 

unity and least RMSE (0.001028). The kinetic graphs of all of the 

models are presented in Figure 2. 

 

 

Figure 1 3D Response Plots of the Effect of Extraction Variables on (1-4) DPPH Antioxidant Activity, (5-8) TPC of Red Dates and 

(9-12) the Crude Extract Yield of Red Dates 

 

Table 4 Difference between Experimental and Predicted TPC 

Yield (RSME) 

Extraction 

time 

(min) 

TPC yield (g GAE/g 

extract) 

Difference 

(%) 

Experimental Predicted  

45 0.0253±0.0002 0.0241 5.03 

65 0.0250±0.0004 0.0261 4.51 

85 0.0257±0.0002 0.0273 6.47 
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Figure 2 Kinetic Curves of Experimental and Predicted TPC of Red Dates (a) Peleg's Model (b) Page's Model (c) Ponomaryov's 

Model (d) First-Order Kinetic Model (e) Second-Order Kinetic Model (f) Logarithmic Model 
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3.4.1 Validation of Extraction Kinetic Model 

Further endorsement of the most accurate kinetic extraction model 

was finalized to ensure its suitability and reliability by comparing 

the experimental with the predicted data of TPC under optimum 

extraction conditions for three different extraction periods of 45, 

65, and 85 min (Table 5). Respective Kinetic Variables of Six 

Empirical Models showed that the differences between two sets of 

data at 45, 65, and 85 min were 5.03%, 4.51%, and 6.47%. 

Therefore, the second-order kinetic model was selected to predict 

the extraction TPC of red dates at different extraction periods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

In this research, the preservation and extraction of natural 

antioxidants from red dates were investigated through optimum 

drying temperature, extraction optimization, and kinetic studies. 

An oven drying temperature of 60°C was found to be the optimum 

temperature that produced the highest crude extract yield, TPC, 

and DPPH antioxidant activity. The four-factor, three-level BBD 

design of RSM was used to optimize the UAE criteria for the 

extraction of antioxidants for parameters of solid-liquid ratio, 

temperature, ultrasound power, and time. The optimal extraction 

conditions were noted at 58.55oC with power, ratio, and time of 

70%, 30 ml/g, and 59.93 min respectively. The high correlation 

coefficient (R
2
) confirmed the validity of the developed second-

order regression models for the responses of crude extract yield 

(0.8455), TPC (0.8042), and DPPH antioxidant activity (0.8120). 

The difference of DPPH antioxidant activity being less than 10% 

between the predicted (98.24%) and actual (90.59%) results 

obtained under the optimum extraction conditions further 

confirmed the validity of the proposed models. Additional 

comparisons with commercial synthetic antioxidants of BHT 

(84.71%) and BHA (77.73%) with optimized red dates (90.59%) 

solidified its antioxidant potential. Based on R
2
 (0.9849) and 

RMSE (0.001028) value, kinetic studies revealed second-order 

model was the finest in describing the extraction of antioxidants 

from red dates. Overall, it can be concluded that red dates extract 

possesses strong antioxidant properties and can be taken into 

consideration as an alternate supply of potential herbal antioxidants 

in both food and pharma industries. 
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