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Abstract

:

This study aimed to maximize the dependent variables [total phenolic content (TPC), antioxidant (DPPH and ABTS), and anticancer activities (against HepG2 and MCF-7 cells)] from P. schimperi aerial parts by optimizing three independent variables (extraction temperature, extraction time, and liquid-to-solid ratio) of ultrasound-assisted extraction (UAE) using the Box–Behnken design (BBD) of response surface methodology (RSM). For each of the dependent variables, the projected quadratic models were found to be very significant (p < 0.001). The extraction temperature and extraction time had a significant impact on the TPC extraction, antioxidant, and anticancer properties (p < 0.05). The best conditions were identified as an extraction temperature of 54.4 °C, extraction time of 48 min, and liquid-to-solid ratios of 20.72 mL/g for the simultaneous extraction of the TPC, antioxidant, and anticancer properties of P. schimperi. The experimental results and the expected values agreed under these circumstances. Regarding the high extraction effectiveness and antioxidant and anticancer effects at comparably low extraction temperature and duration, UAE demonstrated considerable benefits over conventional solvent extraction (CSE). This improved UAE approach has shown a potential use for effective polyphenolic antioxidant extraction from P. schimperi aerial parts in the nutraceutical sectors.
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1. Introduction


Pulicaria is a genus of family Asteraceae (comprising about 200 genera and 2000 species) that consists of about 100 species and is distributed widely in Asia, Africa, Europe, and the Mediterranean region [1]. It has been reported that Pulicaria species have been used traditionally in the treatment of various diseases such as cancer, inflammation, and diabetes. The Pulicaria species has also been found to exhibit different biological properties such as antioxidant, antibacterial, antihistaminic, antifungal, insecticide, and leishmanicidal [2]. There are twelve species of the genus Pulicaria found in the Kingdom of Saudi Arabia, and all of them have reportedly been used as traditional medicine such as P. arabica (for digestive disorders treatment), P. crispa (for treatment of inflammation), and P. incisa (for heart disease treatment). The phytochemical investigation of Pulicaria species revealed the presence of several important classes of natural products such as diterpenes, sesquiterpenes, sesquiterpene lactones, flavonoids, coumarins, and alkaloids [3].



P. schimperi is an annual or biennial herb reaching a high of 8–50 cm and consists of pale grey-lanate branches. The leaves of P. schimperi were found as ovate to oblanceolate with a dentate margin. Phytochemical investigation of P. schimperi revealed the presence of polysaccharides, polyphenols, and flavonoids (like chlorogenic acid) as major classes of compounds [4]. Major phenolic and flavonoid compounds including chlorogenic acid, quercetin 3-galactoside, kaempferol 3-galactoside, 3,4-dicaffeoylquinic acid, 3,5-dicaffeoylquinic acid, 4,5-dicaffeoylquinic acid, quercetin, luteolin, quercetin-3-methyl ether, and quercetin-3,7-dimethyl ether have been reported to be found in the methanol extract of P. schimperi [3]. The extraction of phenolic compounds from P. schimperi has been mainly conducted by using conventional extraction methods such as maceration, Soxhlet, and heat reflux extraction. However, these methods have several disadvantages such as the large consumption of solvents and time consuming. In recent times, various efficient and advanced extraction methods such as ultrasonic-assisted extraction, accelerated solvent extraction, and supercritical fluid extraction have been developed for the effective extraction of different classes of natural products from plant sources [5].



Ultrasonic-assisted extraction (UAE) is a key method for effectively extracting natural products. The UAE uses the cavitation, thermal, and mechanical effect of ultrasonic to treat the plant materials, which efficiently destroys the structure of the cell wall and stimulates intermolecular diffusion, resulting in the complete release of the active intracellular ingredients. UAE has several advantages over conventional extraction methods such as a short extraction time, less consumption of solvent, and a high rate of extraction. Rodiah et al. (2018) [6] found that ultrasonic-assisted extraction enhanced the colorant yield in the mesocarp and exocarp of coconut within a short extraction time compared with stirring extraction [7].



The UAE technique has been widely used for the phytoconstituent extraction from different plant sources such as physcion from Senna occidantalis [8], sennoside A, sennoside B, aloe-emodin, emodin and chrysophanol from Senna alexandrina [9], and parthenolide from Tarchonanthus camphoratus [10]. Nevertheless, the phenolic compound extraction from P. schimperi (aerial parts) has not been evaluated by using UAE. The productivity of the UAE process is generally affected by numerous extraction variables such as the extraction temperature, extraction time, and the solvent-to-sample ratio [11]. Hence it is essential to optimize these extraction variables to attain the maximum yield of phytoconstituents from the raw materials. Response surface methodology (RSM) was used to determine the individual, quadratic, and interaction effects of the UAE variables to warrant the best extraction ability. RSM allows for the optimization of all variables simultaneously and predicts the most efficient conditions using the least number of experiments. RSM has lately been used to optimize the phenolic extraction conditions from several plants [5].



Hence, this experiment aimed to optimize the UAE conditions (extraction temperature, extraction time, and liquid-to-solid ratio) using RSM to maximize the total phenolic content (TPC) extraction and the antioxidant and anticancer activities of the P. schimperi aerial parts.




2. Materials and Methods


2.1. Plant Material


The aerial parts of P. schimperi (voucher specimen no. 15802) was collected in 2014 from Jabal Shada (Al Baha region, Saudi Arabia) by the field taxonomist Dr. Md. Yusuf (Pharmacognosy Department, College of Pharmacy, KSU, Riyadh, Saudi Arabia) and the specimen was kept in the department herbarium. The aerial parts were washed with water, dried in a shed, and coarsely powdered to be used in the experiment.




2.2. Apparatus and Reagents


The reference compounds quercetin, ascorbic acid, and vinblastine were purchased from Sigma-Aldrich (St. Louis, MO, USA). Methanol (Analytical grade) was procured from WINLAB (Market Harborough, Leicestershire, UK). High-quality pure water was obtained from Millipore Milli-Q® (Bedford, MA, USA) assembly. The extraction of P. schimperi aerial parts was carried out using a sonicator (Model VCX-750, Sonics, Newtown, CT, USA).




2.3. Extraction Process


2.3.1. Ultrasound-Assisted Extraction of Aerial Parts of P. schimperi


The P. schimperi aerial parts were dried and coarsely powdered. The powdered material (1 g/50 mL) was placed in a conical flask and extracted using methanol as the extraction solvent by ultrasound-assisted extraction (UAE; Model VCX-750; Sonics, Newtown, CT, USA). Upon the completion of extraction, the extract was cooled, filtered, and dried using a rotavapor (R-300, Buchi, Flawil, Switzerland) to obtain the dried extract of P. schimperi. The final percentage yield was calculated. The dried extract was used for a preliminary study of the total phenolic content, antioxidant, and anticancer properties. The same procedure was applied for the extraction in the process of the optimization of different extraction variables of UAE.




2.3.2. Conventional Solvent Extraction (CSE)


One gram of the P. schimperi aerial parts powder was mixed with 25 mL of methanol, and the mix was kept in a thermostatic water bath (Grant W14, Cambridge, England) at 75 °C for 60 min with constant shaking. After completion of the extraction, the extract was cooled and dried using a rotavapor to obtain the dried mass. The dried extract was used to evaluate the total phenolic content, antioxidant, and anticancer properties.





2.4. Determination of Total Phenolic Content (TPC)


The method of Singleton and Rossi [12] was used to determine the phenolic content of P. schimperi aerial part extracts, with a few minor adjustments. In a nutshell, 100 µL of an aliquot sample (1 mg/mL) of gallic acid, a common phenolic (31.25–1000 µg/mL), were combined with 1.5 mL of distilled water and 100 µL Folin–Ciocalteu reagent. They were then left to remain at room temperature for 8 min before 300 µL of sodium carbonate (20%) was added. The reaction mixture was properly stirred after incubation and left to stand at room temperature in the dark for 30 min. Using a spectrophotometer, the absorbance of each sample solution was measured at 765 nm (phenolic content was expressed as gallic acid equivalent per gram).




2.5. Antioxidant Activity


2.5.1. Scavenging Activity of DPPH Radical


DPPH (2,2-diphenyl-1-picrylhydrazyl) was used to assess the ability of the P. schimperi aerial part extracts to scavenge free radicals. The test was carried out in accordance with the illustrations by Alqahtani et al. [13]. This test measures the extract’s ability to scavenge free radicals, and different concentrations of the extract (10, 50, 100, 500, and 1000 µg/mL) were utilized to do so. In order to make 1 mL of the test combination, 500 µL of the extract was combined with 375 µL of methanol, and 125 µL of a 0.04% DPPH ethanol solution was added last. A positive control was used, which was ascorbic acid. The decrease in absorbance at λmax = 517 nm was measured 30 min after incubation at room temperature in the dark. The following equation was used to calculate the radical scavenging capacity:


% of radical scavenging activity = {(Abs control − Abs sample/Abs control)} × 100



(1)








2.5.2. ABTS Radical Scavenging Activity


The evaluation of the ABTS (2,2′-Azino-bis-3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging capacity of the P. schimperi aerial part extracts was conducted by a spectrophotometric method as illustrated by Almarfadi et al. [14]. Briefly, ABTS aqueous solutions (7 mM) and potassium persulfate (2.45 mM) were mixed (1:1) and incubated for 0.5 h, and preserved in the freezer for 24 h before being diluted with ethanol. Subsequently, various volumes of ABTS solution (50 µL) were mixed with the plant sample and preserved for one hour in the dark. The reduction in ABTS was optically detected at λmax = 734 nm and the antioxidant percentage activity of the P. schimperi aerial part extracts was calculated by using the formula given below [15]:


% of radical scavenging activity = {(Abs control − Abs sample/Abs control)} × 100



(2)









2.6. Anticancer Activity


Two human cancer cells, MCF-7 (breast) and HepG2 (liver), were employed to assess the anticancer activity of the P. schimperi aerial part extracts. The experiment was carried out as illustrated by Alam et al. [16]. DMEM, supplemented with 10% FBS and 1% penicillin-streptomycin, was used to keep the cells viable. Around 1 × 105 cells was added to each well of the 24-well tissue culture plates with 1 mL of media, and the cells were then incubated at 37 °C with 5% CO2. Following 24 h, the cells were exposed to P. schimperi extracts at various concentrations (10 µg/mL, 25 µg/mL, 50 µg/mL, and 100 µg/mL) for 48 h. Following this, 100 µL of MTT (5 mg/mL) was added to each well, and then left to incubate for 2–4 h. After the incubation period, 1 mL of 0.01N HCL/isopropanol was put in the wells to dissolve the formazan and then shaken for 10 min. At a wavelength of 490 nm, the transformed MTT’s absorbance was measured using a microplate reader (Bio-Tek, Winooski, VT, USA). Wells with untreated cells were utilized as controls, while vinblastine was employed as a positive control. The dose–response curves were used to calculate the IC50 (concentration of the tested drug required to inhibit cell growth by 50%) for each extract tested.




2.7. Box–Behnken Design (BBD) Experimental Design


2.7.1. Single Factor Experimental Design


Single-factor design was used to analyze the effect of the different extraction parameters of UAE such as the extraction temperature, extraction time, and liquid-to-solid ratio on the total phenol content (TPC) of the P. schimperi extracts. Using a range of one extraction parameters while holding the other two extraction parameters constant, the single factor influence on TPC was evaluated. By using the results of the single-factor effects on TPC, a range of these extraction parameters (used to optimize UAE parameters by the BBD method) were identified.




2.7.2. Optimization of Extraction Variables Using the BBD Method and Method Validity Testing


The extraction parameters [extraction temperature (K1), extraction duration (K2), and liquid-to-solid ratio (K3)] were optimized using a 3-factorial (33) Box–Behnken design (BBD; version 14, Design-Expert Software, Stat-Ease Inc., Minneapolis, MN, USA) (Table 1). To maximize the TPC and the antioxidant and anticancer impact of the P. schimperi extracts, the BBD model generated seventeen (17) experimental runs utilizing the three independent variables, together with five central points fitted to a second-order polynomial equation. Using 3D response surface plots, the effects of independent variables on the TPC, DPPH, ABTS, HepG2 and MCF-7 were deduced. The idea of “biggest-is-best” was applied to each variable to determine the best outcome, with p-values below 0.05 being considered significant. In order to validate the proposed model, an assenting experiment (n = 3) was conducted by utilizing the optimized independent variables. The experimental values obtained were compared to the projected values.





2.8. Statistical Analysis


The data was presented as the mean SEM. At a significance threshold of p < 0.05, the data were statistically analyzed using the Student’s t-test to compare the means.





3. Results


3.1. Single Extraction Factor Effect on Total Phenol Content (TPC)


The single extraction factor effect of all of the UAE extraction variables (extraction temperature, extraction time and liquid-to-solid ratio) on the total phenol content (TPC) was carried out to fix a range of these variables for their optimization by BBD. The ranges of the single factor to analyze their effect on TPC were as follows: extraction temperature (20–60 °C), extraction time (30–70 min), and liquid-to-solid ratio (8–32 mL/g). The effect of one extraction factor on TPC was analyzed while keeping the other two extraction factors constant and the same was repeated while analyzing the effect of other two factors. The different constant level for all the extraction factors were: extraction temperature (40 °C), extraction time (40 min), and liquid-to-solid ratio (20 mL/g).




3.2. BBD Optimization of Extraction Conditions


3.2.1. Model Fitting


A Box–Behnken design (BBD) was used to analyze the linear, quadratic, and interactions effects of the UAE extraction parameters [(extraction temperature (K1; °C), extraction time (K2; min) and liquid-to-solid ratio (K3; mL/g)] on TPC (R1), DPPH (R2), ABTS (R3), HepG2 (R4), and MCF-7(R5). The 3-factorial (33) BBD experimental design and their corresponding responses (R1, R2, R3, R4, and R5) are presented in Table 1.



The experimental values achieved for TPC ranged from 69.19 to 104.82 mg GAE/g, for DPPH inhibition, the IC50 was 18.1 to 96.8 µg/mL, for ABTS inhibition, the IC50 was 19.2 to 47.3 µg/mL, the HepG2 cell viability inhibition (IC50) was 30.76–40.66, and for MCF-7, the cell viability inhibition IC50 was 44.99–58.72 (Table 2). ANOVA findings revealed that, in comparing to other models, the quadratic polynomial model for all responses was very significant (p < 0.0001) (Table 3). Table 4 lists the values of the analysis of variance (ANOVA) and regression coefficients (β) for each response.




3.2.2. Influence of Extraction Parameters on Total Phenolic Content (TPC)


The TPC in the methanol extract of the P. schimperi aerial parts varied from 69.19 to 104.82 mg GAE/g (Table 2). The lowest and highest yield of TPC for 1 g of sample (constant K3 = 20 mL/g) was found at K1 of 40 °C after 35 min of K2, and K1 at 50 °C after 45 min of K2, respectively. Table 5 shows that K1 and K2 had significantly (p < 0.05) positive effects on TPC and the most crucial factor was K1 (F-value = 514.68). The quadratic effects (K12, K22 and K32) also had a significant (p < 0.05) impact on the TPC. Out of the quadratic effects of K12, K22, and K32 on the TPC extraction, the extraction temperature (F value = 320.33) exhibited the most favorable impact. The interaction of K1 and K2 was found to have a significant (p < 0.05) impact on TPC extraction, while the effects of the other interactions K1 and K3 and K2 and K3 were found to be insignificant (p > 0.05). The second-order polynomial equation for TPC was expressed as:


R1 = 103.23 + 10.34 K1 + 4.06 K2 + 1.24 K3 − 2.52 K1 K2 + 1.26 K1 K3 − 1.27 K1 K2 − 11.24 K12 − 4.55 K22 − 5.72 K32












3.2.3. Influence of the Extraction Parameters on Antioxidant Activity


The antioxidant activity of the P. schimperi aerial part extract was evaluated by using ABTS and DPPH assays. The results in Table 2 and Table 5 showed that the DPPH and ABTS scavenging activity of the extract were influenced by K1, K2, and K3. The antioxidant activity (IC50) of the P. schimperi methanol extract varied from 18.1 to 96.8 µg/mL against the DPPH free radicals and 19.2 to 47.3 µg/mL against the ABTS free radicals. The lowest and highest free radical scavenging properties of P. schimperi were found at K1 of 40 °C after 35 min of K2 and, K1 at 50 °C after 45 min of K2, respectively, at constant K3 (20 mL/g). The model equation for DPPH (R2) and ABTS (R3) scavenging activity can be represented as follows:


R2 = 18.40 − 26.12 K1 − 11.68 K2 − 1.27 K3 + 4.07 K1 K2 − 0.98 K1 K3 + 0.63 K1 K2 + 24.99 K12 + 11.34 K22 + 17.39 K32










R3 = 19.50 − 5.31 K1 − 7.06 K2 − 1.42 K3 − 0.23 K1 K2 − 4.4 K1 K3 + 0.65 K1 K2 + 8.99 K12 + 6.44 K22 + 3.01 K32












3.2.4. Influence of the Extraction Parameters on Anticancer Activity


The anticancer activity of the methanol extract of the P. schimperi aerial parts was evaluated using the human liver cancer cell line (HepG2) and breast cancer cell line (MCF-7). The results in Table 2 and Table 5 showed that the anticancer activity of the extract against the HepG2 and MCF-7 cells were influenced by all the extraction parameters (K1, K2, and K3). The anticancer activity (IC50 is the concentration required for 50% inhibition of cell viability) of the extract varied from 30.76 to 40.66 µg/mL against the HepG2 cells and 44.99 to 58.72 µg/mL against the MCF-7 cells. The lowest and highest inhibition of HepG2 and MCF-7 cells by the P. schimperi extract was found at K1 at 40 °C, 35 min of K2 and, K1 at 50 °C, 45 min of K2, respectively, at constant K3 (20 mL/g). The model equation for the HepG2 (R4) and MCF-7 (R5) cell inhibition can be represented as follows:


R4 = 30.76 − 2.72 K1 − 1.42 K2 − 0.98 K3 + 0.73 K1 K2 + 0.13 K1 K3 + 0.35 K1 K2 + 3.58 K12 + 0.99 K22 + 1.24 K32










R5 = 45.03 − 3.94 K1 − 1.82 K2 − 1.35 K3 + 0.59 K1 K2 + 0.43 K1 K3 − 0.44 K1 K2 + 4.63 K12 + 2.18 K22 + 2.41 K32












3.2.5. Optimization of Extraction Conditions and Verification of Predictive Model


By maximizing the desirability of the responses using BBD, the optimal extraction conditions for the maximal extraction of the phenolic compounds (TPC), antioxidant (DPPH and ABTS), and anticancer (against HepG2 and MCF-7 cells) activity of P. schimperi aerial parts were predicted. The ideal ultrasonic extraction parameters were identified as an extraction temperature of 54.4 °C, extraction period of 48 min, and liquid-to-solid ratio of 20.72 mL/g for the best TPC, DPPH, ABTS, HepG2, and MCF-7 in a single experiment. The maximum anticipated value for TPC from the numerical optimization was 107.23 mg GAE/g, while the IC50 values for the inhibition of DPPH, ABTS, HepG2, and MCF-7 were 15.1 mg/mL, 16.5 mg/mL, 26.2 mg/mL, and 31.3 mg/mL, respectively. Under the ideal extraction circumstances, the experiments were conducted, and the outcomes are given in Table 6. The actual results were found to be consistent with the projected results, demonstrating the validity of the model developed by BBD to forecast the total phenolic content, antioxidant capacity, and anticancer activity utilizing UAE.




3.2.6. Comparison of UAE with CSE


Table 7 shows the outcomes of the TPC, antioxidant, and anticancer activity from P. schimperi aerial parts by UAE and CSE. In comparison to CSE, the UAE technique considerably (p < 0.05) boosted the total phenolic content as well as the antioxidant and anticancer properties. Compared to CSE, UAE dramatically lowered the solvent usage and extraction time in addition to improving the extraction efficiency. The intracellular plant product was effectively discharged by ultrasound, which generates cavitation bubbles from ultrasonic waves that allow for penetration of the extraction solvent through the plant cell wall more effectively than previous techniques [17].






4. Discussion


In a single extraction factor experiment, it was discovered that when TPC was extracted at various extraction temperatures, it increased with higher temperatures and reached its maximum extraction value (41.96 mg GAE/g of dried extract) at 50 °C. After that, it remained constant as the extraction temperature was raised (Figure 1A). Similar to the effect of extraction temperature on TPC yield, it was discovered that the TPC extraction increased with increasing extraction time and reached the maximum extraction level at 50 min (40.57 mg GAE/g of dried extract), whereas the maximum TPC extraction was achieved at 26 mL/g of liquid-to-solid ratio (35.91 mg GAE/g of dried extract) (Figure 1 B,C). However, the TPC values were discovered to be constant with an increase in extraction time and liquid-to-solid ratio. These results contributed to the establishment of ranges for the UAE extraction variables including the extraction temperature (40–60 °C), extraction duration (35–55 min), and liquid-to-solid ratio (14–26 mL/g), which were optimized using the Box–Behnken design (BBD) of the response surface method (RSM).



The impact of the UAE extraction parameters [extraction temperature (K1), extraction duration (K2), and liquid-to-solid ratio (K3)] on the dependent variables [TPC (R1), DPPH (R2), ABTS (R3), HepG2 (R4), and MCF-7(R5)] were examined using a Box–Behnken design (BBD). The values obtained (Table 2) exhibited significant dependency of the dependent variables on the extraction conditions, which recommends the necessity to optimize the extraction method. For extraction method optimization, a quadratic polynomial model was developed using ANOVA to evaluate the model fitness and its adequacy. The results obtained by applying ANOVA showed that the quadratic polynomial model, in comparison to other models such as linear, 2FI, and cubic models, was highly significant (p < 0.0001) for all the dependent variables (R1, R2, R3, R4, and R5) (Table 3). The values of R2, adjusted R2, and predicted R2 for R1 (0.9938, 0.9858, and 0.0.9347, respectively), R2 (0.9999, 0.9998, and 0.9990, respectively), R3 (0.9995, 0.9990, and 0.9948, respectively), R4 (0.9872, 0.9708, and 0.8279, respectively), and R5 (0.9919, 0.9815, and 0.9081, respectively) were found to be close to 1, which indicated an excellent correlation between the predicted and actual values. Furthermore, the small values of the coefficient of variation (CV, %) for R1, R2, R3, R4, and R5 (1.38, 0.82, 1.05, 1.60 and 1.23, respectively) (Table 4) suggested the reliability and reproducibility of the experimental values [12]. The model’s F-values for R1, R2, R3, R4, and R5 were determined to be 124.78, 9968.65, 1697.08, 60.09, and 95.39, respectively, indicating that the model was significant and that there was only a 0.01% chance that noise could have caused such a high F-value. The residual/pure error of the proposed model for R1, R2, R3, R4, and R5 were found to be 11.62/4.39, 0.91/0.21, 0.60/0.2, 2.01/0.35, and 2.58/0.82, respectively. The precision for R1, R2, R3, R4, and R5 were found to be 33.09, 284.35, 122.05, 23.1, and 28.29, respectively, indicating adequate signal, which suggested that the model can be used to navigate the design space. Moreover, the lack of fit values for R1, R2, R3, R4, and R5 (2.19, 4.67, 2.72, 6.26, and 2.82, respectively) (Table 4) were not significant (p > 0.05), demonstrating the capability of the proposed model in envisaging the ultrasound-assisted extraction of phenolic compounds as well as the antioxidant and anticancer activities of P. schimperi aerial parts.



The different interaction impact of the independent variables (K1, K2, and K3) on TPC can be seen on the three-dimensional response surface plots (Figure 2A–C) and contour plots (Figure 2D–F). The UAE of TPC from P. schimperi initially increased and decreased with the increase in the extraction temperature (Figure 2A,B). Figure 2A,D shows that the TPC yield was high at 50 °C of extraction temperature after 45 min of extraction at 20 mL/g of the liquid-to-solid ratio. Supposedly, at high temperature, the tissues of the plant soften and the cell membranes are affected by weak interactions. Consequently, the phenolic compounds were extracted easily by the solvent [18]. However, the extraction yield decreased when it continued for a long time at 50 °C because the oxidation and degradation of the desired compounds took place due to high temperature [19]. Figure 2B,E exhibits the impact of the extraction temperature and liquid-to-solid ratio on the TPC yield at a constant extraction time of 45 min. The maximum TPC yield (103.18 mg GAE/g) was achieved at 50 °C and a liquid-to-solid ratio of 20 mL/g. At a high extraction temperature, the penetrating power of methanol increased, which led to the increased extraction of the plant matrix and an increase in the TPC yield. However, increasing the extraction temperature to 60 °C significantly reduced the yield because of the heat sensitivity of the compounds. Figure 2C,F demonstrates the effect of the liquid-to-solid ratios and extraction times on the TPC yields. At a fixed temperature of 50 °C, an increase in the extraction time reduced the yield to some extent. The maximum yield was about 102.11 mg GAE/g at a liquid-to-solid ratio of 20 mL/g and an extraction time of 45 min. The liquid-to-solid ratio alone had little impact on the TPC yield.



The antioxidant activity of the P. schimperi extract was evaluated by using ABTS and DPPH assays. The linear effects of K1, K2, K3 showed a negative effect on the DPPH and ABTS scavenging activity. The F-values for the linear effects of K1, K2, K3 were found to be 42,467.64, 8481.24, and 101.15, respectively, for the DPPH activity, and 2601.59, 4597.89, and 187.19, respectively for the ABTS activity. Likewise, the quadratic effects of K1, K2, K3 exhibited highly significant (p < 0.0001) positive effects on the DPPH and ABTS scavenging activity, with F-values of 20,447.37, 4209.46, 9900.71, respectively, for DPPH activity, and 3918.92, 2010.59, 440.29, respectively, for ABTS activity (Table 5). From Figure 3A, it is evident that there was a significant positive impact (p < 0.0001) of K1 K2 interaction on the DPPH scavenging activity (Table 4 and Table 5), while it showed a negative insignificant impact (>0.05) on ABTS. The other interaction of the extraction variables showed either a negative impact on the DPPH and ABTS scavenging activity (Figure 2B,D–F) or they were insignificant (>0.05) (Figure 2C). This indicated that the DPPH and ABTS scavenging activity of the extract was mainly affected quadratically by K1, K2, and K3 and not by their interaction, except for the effect of K1 K2 on the DPPH scavenging activity (Table 4 and Table 5). Consequently, the extract’s ability to scavenge DPPH and ABTS was improved by higher extraction temperatures and longer extraction times. Similar observations from the marc of chardonnay grapes were reported by Garrido et al. [20]. The presence of numerous phenolic compounds in the extract, which use different kinetics and reaction mechanisms for various antioxidant activities [21], similar to findings reported from vine pruning residues [22], may be the cause of the slight differences in the ABTS and DPPH scavenging patterns that were observed. The other species of genus Pulicaria such as P. inuloides and P. somalensis were found to exhibit excellent DPPH radical scavenging properties with IC50 values of 4.95 μg/mL and 81.2 μg/mL, respectively [23].



The anticancer activity of the P. schimperi aerial part methanol extract was evaluated using the human liver cancer cell line (HepG2) and breast cancer cell line (MCF-7). The linear effects of K1, K2, K3 exhibited (p < 0.001) a negative impact on the inhibition of the growth of HepG2 and MCF-7 cells with a high F-value for K1 [(206.53 for HepG2 and 337.49 for MCF-7 cells inhibition)]. Similarly, the quadratic effects of K1, K2, K3 exhibited highly significant (p < 0.0001) positive effects on the inhibition of HepG2 and MCF-7 cell growth. The F-values of the quadratic effects (K12, K22, and K32) were found to be 188.4, 14.61, and 22.58, respectively, for the HepG2 cells and 244.98, 54.27, and 66.20, respectively, for the MCF-7 cells. This indicates that the quadratic effect of the extraction temperature had the maximum impact on the inhibition of HepG2 and MCF-7 cells. From Figure 4A–E, it is evident that there was an insignificant impact (p > 0.05) of interaction between K1 K2, K1 K3, and K2 K3, on the growth inhibition of HepG2 and MCF-7 cells (Table 4 and Table 5). This suggests that the inhibition of HepG2 and MCF-7 cell growth was chiefly affected quadratically by linear factors K1, K2, and K3 and not by their interaction. Thus, the higher the extraction temperature, the better the growth inhibition of HepG2 and MCF-7 cells by the extract. This finding is in line with the findings of Aljawharah et al. (2022), which stated that P. schimperi extract was highly effective in controlling the growth of A375 cells (human melanoma cell line) [GI50 (the average growth inhibition of 50%) = 19 μg/mL] by arresting the cell cycle at the S phase and activating caspase 3/7. The other species of Pulicaria genus (e.g., P. undulata and its phytoconstituents) also exhibited good anticancer properties against multi-drug resistant cell lines [4]. Some other species of the Pulicaria genus exhibited anticancer property against HepG2 cells such as P. incisa (IC50 = 11.4 μg/mL), P. crispa (IC50 = 20.11 μg/mL), and P. wightiana (IC50 = 12.9 μg/mL), while significant action (IC50 = 5.36 μg/mL) was shown by P. vulgaris oil against the MCF-7 cell line [2].



Using information from the BBD analysis, the optimal extraction conditions for P. schimperi were identified as an extraction temperature of 54.4 °C, extraction time of 48 min, and a liquid-to-solid ratio of 20.72 mL/g min. These conditions allowed for the maximum extraction of phenolic compounds (TPC), antioxidants (DPPH and ABTS), and anticancer (against HepG2 and MCF-7 cells) activities. A model was developed to predict the total phenolic contents, antioxidant levels, and anticancer activities. Tests were conducted under these optimal extraction conditions, and the experimental values discovered were in accordance with the predicted values.



The results of the TPC, antioxidant, and anticancer activities from the P. schimperi aerial parts by UAE and CSE showed that the UAE method significantly (p < 0.05) increased the total phenolic content as well as the antioxidant and anticancer activities compared to CSE. Along with the improved extraction efficacy, the solvent use and time of extraction were reduced significantly by UAE when compared with CSE.




5. Conclusions


In this study, the BBD of RSM was used to efficiently optimize three extraction parameters of UAE for the maximal extraction of the total phenol content and antioxidant and anticancer properties of the P. schimperi extracts. The findings showed that the TPC extraction, antioxidant (DPPH and ABTS), and anticancer (HepG2 and MCF-7) activities of P. schimperi were substantially influenced by the temperature and duration of the extraction process and its TPC, antioxidant (DPPH and ABTS), and antitumor (HepG2 and MCF-7) activities were best extracted at the same time under the optimal conditions of 54.4 °C, 48 min, and 20.72 mL/g of the liquid-to-solid ratio. Under these improved UAE extraction settings, the experimental findings were discovered to conform with the expected values. With regard to the high extraction effectiveness, antioxidative, and anticancer properties at low extraction temperature and duration, UAE demonstrated considerable benefits over conventional solvent extraction (CSE). In order to extract polyphenolic antioxidants and anticancer secondary metabolites from the P. schimperi aerial parts for industrial uses, the optimized UAE approach may be useful.
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Figure 1. The effects of single factors on the total phenol content (mg GAE/g of dry extract). (A) Effect of extraction temperature (°C); (B) effect of extraction time (min); (C) effect of liquid-to-solid ratio (mL/g). Each value represents a mean ± SD (n = 5). 
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Figure 2. Response surface 3D and 2D contour plots showing the interaction effects of the UAE parameters on the TPC (R1). (A) 3-D response surface plots shows the effects of K1 and K2 interaction on TPC yield at constant K3 (20 mL/g); (B) 3-D response surface plots shows the effects of K1 and K3 interaction on TPC yield at constant K2 (45 min); (C) 3-D response surface plots shows the effects of K2 and K3 interaction on TPC yield at constant K1 (50 °C); (D) 2-D contour plots shows the effects of K1 and K2 interaction on TPC yield at constant K3 (20 mL/g); (E) 2-D contour plots shows the effects of K1 and K3 interaction on TPC yield at constant K2 (45 min); (F) 2-D contour plots shows the effects of K2 and K3 interaction on TPC yield at constant K1 (50 °C). 
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Figure 3. Response surface 3D plots showing the interaction effects of the UAE parameters on the DPPH (R2) and ABTS (R3) activity. (A) 3-D response surface plots shows the effects of K1 and K2 interaction on DPPH inhibition (IC50) at constant K3 (20 mL/g); (B) 3-D response surface plots shows the effects of K1 and K3 interaction on DPPH inhibition (IC50) at constant K2 (45 min); (C) 3-D response surface plots shows the effects of K2 and K3 interaction on DPPH inhibition (IC50) at constant K1 (50 °C); (D) 3-D response surface plots shows the effects of K1 and K2 interaction on ABTS inhibition (IC50) at constant K3 (20 mL/g); (E) 3-D response surface plots shows the effects of K1 and K3 interaction on ABTS inhibition (IC50) at constant K2 (45 min); (F) 3-D response surface plots shows the effects of K2 and K3 interaction on ABTS inhibition (IC50) at constant K1 (50 °C). 






Figure 3. Response surface 3D plots showing the interaction effects of the UAE parameters on the DPPH (R2) and ABTS (R3) activity. (A) 3-D response surface plots shows the effects of K1 and K2 interaction on DPPH inhibition (IC50) at constant K3 (20 mL/g); (B) 3-D response surface plots shows the effects of K1 and K3 interaction on DPPH inhibition (IC50) at constant K2 (45 min); (C) 3-D response surface plots shows the effects of K2 and K3 interaction on DPPH inhibition (IC50) at constant K1 (50 °C); (D) 3-D response surface plots shows the effects of K1 and K2 interaction on ABTS inhibition (IC50) at constant K3 (20 mL/g); (E) 3-D response surface plots shows the effects of K1 and K3 interaction on ABTS inhibition (IC50) at constant K2 (45 min); (F) 3-D response surface plots shows the effects of K2 and K3 interaction on ABTS inhibition (IC50) at constant K1 (50 °C).



[image: Separations 10 00208 g003]







[image: Separations 10 00208 g004 550] 





Figure 4. Response surface 3D plots showing the interaction effects of UAE variables on human liver cancer cell line (HepG2; R4) and breast cancer cell line (MCF-7; R5). (A) 3-D response surface plots shows the effects of K1 and K2 interaction on growth inhibition of HepG2 cells (IC50) at constant K3 (20 mL/g); (B) 3-D response surface plots shows the effects of K1 and K3 interaction on growth inhibition of HepG2 cells (IC50) at constant K2 (45 min); (C) 3-D response surface plots shows the effects of K2 and K3 interaction on growth inhibition of HepG2 cells (IC50) at constant K1 (50 °C); (D) 3-D response surface plots shows the effects of K1 and K2 interaction on growth inhibition of MCF-7 cells (IC50) at constant K3 (20 mL/g); (E) 3-D response surface plots shows the effects of K1 and K3 interaction on growth inhibition of MCF-7 cells (IC50) at constant K2 (45 min); (F) 3-D response surface plots shows the effects of K2 and K3 interaction on growth inhibition of MCF-7 cells (IC50) at constant K1 (50 °C). 
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Table 1. Three levels of the three variables of the extraction process.
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Independent

Variable

	
Factor Level

	
Dependent Variables

	
Goal






	

	
−1

	
0

	
+1

	
Total phenolic content

(mg GAE/g of dry extract)

(R1)

	
DPPH inhibition

(IC50: µg/mL)

(R2)

	
ABTS inhibition

(IC50: µg/mL)

(R3)

	
HepG2 growth inhibition

(IC50: µg/mL)

(R4)

	
MCF-7 growth

inhibition

(IC50: µg/mL)

(R5)

	
Maximized




	
Extraction

temperature (°C) (K1)

	
40

	
50

	
60




	
Extraction time

(min) (K2)

	
35

	
45

	
55




	
Liquid-to-solid

ratio (mL/g) (K3)

	
14

	
20

	
26
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Table 2. Box–Behnken design (BBD) with the observed response of the dependent variables (TPC, DPPH, ABTS, HepG2, and MCF-7) from the UAE of P. schimperi (aerial parts).
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Run

	
Coded Variables

	
Actual Variables

	
Total Phenolic Content

	
Antioxidant Activity

	
Anticancer Activity




	
(K1) (°C)

	
(K2) (min)

	
(K3) (mL/g)

	
(K1) (°C)

	
(K2) (min)

	
(K3) (mL/g)

	
(mg AE/g of Dry Extract) (R1)

	
DPPH

IC50 (µg/mL) (R2)

	
ABTS

IC50 (µg/mL) (R3)

	
HepG2

IC50 (µg/mL) (R4)

	
MCF-7

IC50 (µg/mL) (R5)






	
1

	
0

	
0

	
0

	
50

	
45

	
20

	
103.53 ± 4.91

	
18.3 ± 0.79

	
19.4 ± 0.77

	
30.28 ± 1.17

	
44.27 ± 1.94




	
2

	
−1

	
−1

	
0

	
40

	
35

	
20

	
69.19 ± 2.85

	
96.8 ± 4.95

	
47.3 ± 1.74

	
40.66 ± 1.78

	
58.72 ± 2.51




	
3

	
1

	
1

	
0

	
60

	
55

	
20

	
100.64 ± 4.21

	
20.8 ± 0.96

	
22.1 ± 0.81

	
31.48 ± 1.15

	
46.14 ± 2.13




	
4

	
1

	
−1

	
0

	
60

	
35

	
20

	
96.08 ± 3.78

	
36.1 ± 0.15

	
37.1 ± 1.51

	
32.89 ± 1.37

	
48.82 ± 1.71




	
5

	
−1

	
1

	
0

	
40

	
55

	
20

	
83.85 ± 3.59

	
65.2 ± 2.54

	
33.2 ± 1.26

	
36.33 ± 1.56

	
53.66 ± 1.97




	
6

	
0

	
0

	
0

	
50

	
45

	
20

	
104.82 ± 4.49

	
18.1 ± 0.67

	
19.2 ± 0.58

	
30.76 ± 1.11

	
44.99 ± 2.03




	
7

	
1

	
0

	
1

	
60

	
45

	
26

	
98.57 ± 4.66

	
32.3 ± 1.35

	
20.3 ± 0.71

	
32.33 ± 1.32

	
47.44 ± 1.95




	
8

	
0

	
1

	
−1

	
50

	
55

	
14

	
96.35 ± 4.51

	
35.9 ± 1.79

	
24.1 ± 0.77

	
32.1 ± 1.37

	
49.5 ± 2.12




	
9

	
1

	
0

	
−1

	
60

	
45

	
14

	
93.47 ± 4.29

	
37.3 ± 1.61

	
32.1 ± 1.48

	
34.27 ± 1.61

	
49.63 ± 2.09




	
10

	
−1

	
0

	
1

	
40

	
45

	
26

	
76.54 ± 3.72

	
86.2 ± 3.26

	
39.7 ± 1.65

	
36.63 ± 1.53

	
53.62 ± 2.49




	
11

	
0

	
−1

	
1

	
50

	
35

	
26

	
92.11 ± 4.45

	
57.1 ± 2.33

	
35.1 ± 1.22

	
33.2 ± 1.18

	
50.61 ± 2.32




	
12

	
−1

	
0

	
−1

	
40

	
45

	
14

	
76.49 ± 2.88

	
87.3 ± 3.73

	
33.9 ± 1.11

	
39.1 ± 1.68

	
57.56 ± 2.52




	
13

	
0

	
0

	
0

	
50

	
45

	
20

	
102.11 ± 4.05

	
18.7 ± 0.77

	
19.8 ± 0.72

	
30.98 ± 1.37

	
45.13 ± 2.24




	
14

	
0

	
0

	
0

	
50

	
45

	
20

	
102.51 ± 3.88

	
18.5 ± 0.86

	
19.6 ± 0.71

	
30.77 ± 1.13

	
45.39 ± 2.08




	
15

	
0

	
−1

	
−1

	
50

	
35

	
14

	
87.19 ± 3.75

	
60.4 ± 2.79

	
36.5 ± 1.57

	
35.6 ± 1.66

	
52.04 ± 2.14




	
16

	
0

	
1

	
1

	
50

	
55

	
26

	
96.18 ± 3.52

	
35.1 ± 1.76

	
20.1 ± 0.87

	
31.1 ± 1.29

	
46.3 ± 1.68




	
17

	
0

	
0

	
0

	
50

	
45

	
20

	
103.18 ± 4.51

	
18.4 ± 0.59

	
19.5 ± 0.69

	
31.03 ± 1.35

	
45.36 ± 1.95




	
Quercetin

	

	
7.46 ± 0.26

	

	

	




	
Ascorbic Acid

	

	

	
7.74 ± 0.29

	

	




	
Vinblastine

	

	

	

	
2.3 ± 0.07

	
2.8 ± 0.05








K1 = extraction temperature; K2 = extraction time; K3 = liquid-to-solid ratio; TPC = total phenolic content; DPPH = 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability; ABTS = 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) scavenging ability; HepG2 = human liver cancer cell line; MCF-7 = breast cancer cell line.
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Table 3. Regression analysis and response regression equation results for the final proposed model.
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Dependent Variables

	
Source

	
R2

	
Adjusted R2

	
Predicted R2

	
SD

	
Sequential p-Value

	
Lack of Fit

p-Value

	






	
R1

	
Linear

	
0.5321

	
0.4242

	
0.2862

	
8.22

	
0.0168

	
0.0003

	




	
2FI

	
0.5526

	
0.2841

	
−0.1948

	
9.16

	
0.9259

	
0.0002

	




	
Quadratic

	
0.9938

	
0.9858

	
0.9347

	
1.29

	
<0.0001

	
0.2312

	
Suggested




	
Cubic

	
0.9977

	
0.9906

	

	
1.05

	
0.2312

	

	




	
R2

	
Linear

	
0.5690

	
0.4695

	
0.3648

	
19.56

	
0.0101

	
<0.0001

	




	
2FI

	
0.5752

	
0.3203

	
−0.0724

	
22.14

	
0.9849

	
<0.0001

	




	
Quadratic

	
0.9999

	
0.9998

	
0.9990

	
0.35

	
<0.0001

	
0.0854

	
Suggested




	
Cubic

	
1.0000

	
0.9999

	

	
0.22

	
0.0854

	

	




	
R3

	
Linear

	
0.4834

	
0.3642

	
0.1925

	
7.26

	
0.0308

	
<0.0001

	




	
2FI

	
0.5432

	
0.2692

	
−0.2084

	
7.78

	
0.7317

	
<0.0001

	




	
Quadratic

	
0.9995

	
0.9990

	
0.9948

	
0.29

	
<0.0001

	
0.1793

	
Suggested




	
Cubic

	
0.9998

	
0.9994

	

	
0.22

	
0.1793

	

	




	
R4

	
Linear

	
0.5281

	
0.4192

	
0.2446

	
2.39

	
0.0177

	
0.0003

	




	
2FI

	
0.5453

	
0.2724

	
−0.3702

	
2.67

	
0.9427

	
0.0001

	




	
Quadratic

	
0.9872

	
0.9708

	
0.8279

	
0.53

	
<0.0001

	
0.0542

	
Suggested




	
Cubic

	
0.9978

	
0.9910

	

	
0.29

	
0.0542

	

	




	
R5

	
Linear

	
0.5188

	
0.4078

	
0.2797

	
3.43

	
0.0200

	
0.0004

	




	
2FI

	
0.5281

	
0.2450

	
−0.2317

	
3.88

	
0.9768

	
0.0002

	




	
Quadratic

	
0.9919

	
0.9815

	
0.9081

	
0.61

	
<0.0001

	
0.1712

	
Suggested




	
Cubic

	
0.9974

	
0.9896

	

	
0.45

	
0.1712
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Table 4. Regression coefficients (β) and analysis of variance (ANOVA) of the predicted second-order polynomial modes for TPC, antioxidant, and anticancer activity.
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Factor

	
Coefficient (β)




	
R1

	
R2

	
R3

	
R4

	
R5






	
Intercept

	
103.23

	
18.40

	
19.50

	
30.76

	
45.03




	
Linear




	
K1

	
10.34

	
−26.12

	
−5.31

	
−2.72

	
−3.94




	
K2

	
4.06

	
−11.68

	
−7.06

	
−1.42

	
−1.82




	
K3

	
1.24

	
−1.27

	
−1.42

	
−0.98

	
−1.35




	
Interaction




	
K1 K2

	
−2.52

	
4.07

	
−0.23

	
0.73

	
0.59




	
K1 K3

	
1.26

	
−0.97

	
−4.40

	
0.13

	
0.44




	
K2 K3

	
−1.27

	
0.62

	
−0.65

	
0.35

	
−0.44




	
Quadratic




	
K12

	
−11.24

	
24.99

	
8.99

	
3.58

	
4.63




	
K22

	
−4.55

	
11.34

	
6.44

	
0.99

	
2.18




	
K32

	
−5.72

	
17.39

	
3.01

	
1.24

	
2.41




	
F-value (model)

	
124.78

	
9968.65

	
1697.08

	
60.09

	
95.39




	
p-value (model)

	
<0.0001 s

	
<0.0001 s

	
<0.0001 s

	
<0.0001 s

	
<0.0001 s




	
F-value (lack of fit)

	
2.19 ns

	
4.67 ns

	
2.72 ns

	
6.26 ns

	
2.82 ns




	
CV(%)

	
1.38

	
0.82

	
1.05

	
1.60

	
1.23




	
Adeq precision

	
33.09

	
284.35

	
122.05

	
23.1

	
28.29




	
Residual

	
11.62

	
0.91

	
0.6075

	
2.01

	
2.58




	
Pure error

	
4.39

	
0.21

	
0.20

	
0.35

	
0.8277








s Significant; ns Not significant.
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Table 5. Significance of each response variable effect shown by using the F ratio and p-value in the near second-order model.






Table 5. Significance of each response variable effect shown by using the F ratio and p-value in the near second-order model.





	
Dependent Variables

	
Independent Variables

	
SS a

	
DF b

	
MS c

	
F-Value

	
p-Value d






	
R1

	
Linear effects




	
K1

	
854.70

	
1

	
854.70

	
514.68

	
<0.0001




	
K2

	
131.63

	
1

	
131.63

	
79.26

	
<0.0001




	
K3

	
12.25

	
1

	
12.25

	
7.38

	
0.0299




	
Quadratic effects




	
K1K2

	
25.50

	
1

	
25.50

	
15.36

	
0.0058




	
K1K3

	
6.38

	
1

	
6.38

	
3.84

	
0.0909




	
K2K3

	
6.48

	
1

	
6.48

	
3.90

	
0.0888




	
Interaction effects




	
K12

	
531.95

	
1

	
531.95

	
320.33

	
<0.0001




	
K22

	
87.17

	
1

	
87.17

	
52.49

	
0.0002




	
K32

	
137.88

	
1

	
137.88

	
83.03

	
<0.0001




	
R2

	
Linear effects




	
K1

	
5460.12

	
1

	
5460.12

	
42467.64

	
<0.0001




	
K2

	
1090.44

	
1

	
1090.44

	
8481.24

	
<0.0001




	
K3

	
13.01

	
1

	
13.01

	
101.15

	
<0.0001




	
Quadratic effects




	
K1K2

	
66.42

	
1

	
66.42

	
516.62

	
<0.0001




	
K1K3

	
3.80

	
1

	
3.80

	
29.57

	
0.0010




	
K2K3

	
1.56

	
1

	
1.56

	
12.15

	
0.0102




	
Interaction effects




	
K12

	
2628.95

	
1

	
2628.95

	
20447.37

	
<0.0001




	
K22

	
541.22

	
1

	
541.22

	
4209.46

	
<0.0001




	
K32

	
1272.95

	
1

	
1272.95

	
9900.71

	
<0.0001




	
R3

	
Linear effects




	
K1

	
225.78

	
1

	
225.78

	
2601.59

	
<0.0001




	
K2

	
399.03

	
1

	
399.03

	
4597.89

	
<0.0001




	
K3

	
16.24

	
1

	
16.24

	
187.19

	
<0.0001




	
Quadratic effects




	
K1K2

	
0.2025

	
1

	
0.2025

	
2.33

	
0.1705




	
K1K3

	
77.44

	
1

	
77.44

	
892.31

	
<0.0001




	
K2K3

	
1.69

	
1

	
1.69

	
19.47

	
0.0031




	
Interaction effects




	
K12

	
340.11

	
1

	
340.11

	
3918.92

	
<0.0001




	
K22

	
174.49

	
1

	
174.49

	
2010.59

	
<0.0001




	
K32

	
38.21

	
1

	
38.21

	
440.29

	
<0.0001




	
R4

	
Linear effects




	
K1

	
59.13

	
1

	
59.13

	
206.53

	
<0.0001




	
K2

	
16.07

	
1

	
16.07

	
56.14

	
0.0001




	
K3

	
7.62

	
1

	
7.62

	
26.63

	
0.0013




	
Quadratic effects




	
K1K2

	
2.13

	
1

	
2.13

	
7.44

	
0.0294




	
K1K3

	
0.0702

	
1

	
0.0702

	
0.2453

	
0.6356




	
K2K3

	
0.4900

	
1

	
0.4900

	
1.71

	
0.2321




	
Interaction effects




	
K12

	
53.94

	
1

	
53.94

	
188.40

	
<0.0001




	
K22

	
4.18

	
1

	
4.18

	
14.61

	
0.0065




	
K32

	
6.47

	
1

	
6.47

	
22.58

	
0.0021




	
R5

	
Linear effects




	
K1

	
124.27

	
1

	
124.27

	
337.49

	
<0.0001




	
K2

	
26.61

	
1

	
26.61

	
72.26

	
<0.0001




	
K3

	
14.47

	
1

	
14.47

	
39.30

	
0.0004




	
Quadratic effects




	
K1K2

	
1.42

	
1

	
1.42

	
3.85

	
0.0907




	
K1K3

	
0.7656

	
1

	
0.7656

	
2.08

	
0.1925




	
K2K3

	
0.7832

	
1

	
0.7832

	
2.13

	
0.1881




	
Interaction effects




	
K12

	
90.20

	
1

	
90.20

	
244.98

	
<0.0001




	
K22

	
19.98

	

	
19.98

	
54.27

	
0.0002




	
K32

	
24.37

	
1

	
24.37

	
66.20

	
<0.0001








a Sum of squares; b Degree of freedom; c Mean sum of squares; d p-values < 0.05 were considered to be significant; ns: insignificant.
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Table 6. Experimental and predicted values of the responses at the optimum extraction condition.
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Response Variables

	
Optimum Extraction Condition

	
Maximum Value




	
K1 (°C)

	
K2 (min)

	
K3 (mL/g)

	
Experimental Value

	
Predicted Value






	
TPC (mg GAE/g) (R1)

	
54.4

	
48

	
20.72

	
107.93 ± 3.28

	
107.23




	
DPPH [IC50 (µg/mL)] (R2)

	
15.7 ± 0.51

	
15.1




	
ABTS [IC50 (µg/mL)] (R3)

	
17.1 ± 0.68

	
16.5




	
HepG2 [IC50 (µg/mL)] (R4)

	
25.67 ± 1.07

	
26.2




	
MCF-7 [IC50 (µg/mL)] (R5)

	
31.87 ± 1.33

	
31.3
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Table 7. Comparison of UAE and CSE.






Table 7. Comparison of UAE and CSE.





	Extraction Method
	Temp

(°C)
	Time

(min)
	Methanol

(mL/g)
	TPC

(mg GAE/g)
	DPPH

IC50 (µg/mL)
	ABTS

IC50 (µg/mL)
	HepG2

IC50 (µg/mL)
	MCF-7

[IC50 (µg/mL)]





	UAE
	54.4
	48
	20.72
	107.16 ± 4.96
	15.7 ± 0.51
	17.1 ± 0.68
	25.67 ± 1.07
	31.87 ± 1.33



	CSE
	75
	60
	25
	74.29 ± 3.21
	47.3 ± 2.17
	54.1 ± 2.52
	57.11 ± 2.64
	61.28 ± 2.77
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