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Abstract


Waste resulting from edible plants is considered one of the best sources of valuable phytochemicals. A promising approach for using these appreciated wastes is extracting precious medically important constituents, for example, free quercetin. Two new cost-effective and green extraction methods are introduced in the present study: ultrasound-assisted glycerol extraction (UAGE) and microwave-assisted extraction (MAE). These extraction protocols are optimized using factorial design to define the highest yield of extraction, and HPLC-UV at 370 nm was used as a method of yield analysis. Quercetin remained stable during the whole process in both extraction protocols. A standard addition technique was performed to quantify quercetin in different extracts and eliminate the matrix effect. In UAGE and MAE, extraction yields were 16.55 ± 0.81 and 27.20 ± 1.55 mg/1g from red onion scales on a dry base, respectively. The amount of quercetin extracted using MAE was superior to UAGE in terms of time and yield. A greenness assessment of the offered studies compared to previously published relevant extraction methods was performed using the analytical eco-scale assessment method (ESA) and national environmental methods index (NEMI). MAE showed to be a greener method with a higher ESA score and a greener NEMI pictogram.
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1. Introduction


Onion has been reported as one of the major sources of dietary flavonoids worldwide, which are the main source of the total antioxidant activity of onions [1,2]. In terms of economic importance, onion ranks second among all vegetables after tomatoes [3]. One of the great sources of natural antioxidants is dry onion scales that are thrown away as wastes. A possible approach for using these valuable wastes is extracting precious medically important constituents, for example, free quercetin [4,5,6,7]. Quercetin is naturally found as a free aglycone or a glycosidic form as conjugated to one or more sugar molecules [8].



Extraction is the central stage in the qualitative and quantitative analysis of natural products [1]. The fact that one single plant comprises several thousand metabolites makes the development of high-performance and rapid extraction methods an absolute necessity [7,9]. This study has an apparent eco-friendly approach and contracts with the green chemistry concepts for the extraction process.



Several sample cleanup and extraction techniques are commonly used in the laboratory for the purification of desired substances. Solid–liquid extraction (SLE) techniques are habitually used as a primary step for the purification of plant materials [10]. SLE methods consist of two types: conventional or unconventional methods. Conventional methods comprising Soxhlet extraction are usually time and solvent consuming. Moreover, these methods are environmentally hazardous. However, unconventional extraction methods comprising microwave-assisted extraction (MAE) and ultrasonication extraction (UAE), are fast, efficient and eco-friendly [10,11]. Supercritical fluid extraction and pressurized solvent extraction, which are known as efficient green extraction techniques and eco-friendly solvents [12,13].



MAE was applied as an effective extraction technique to different natural products [14,15], including guava leaves [16], onion bulbs [17,18] and onion scales [19,20,21,22]. In contrast, ultrasonication has been used to extract bioactive compounds from vegetables [23,24] and onion wastes [25]. A known SLE technique that had been used and considered a green extraction method includes the use of glycerol as a solvent aided by ultrasonication [5,26].



Green chemistry is a model of chemical science that uses renewable raw components, eradicating wastes and avoiding the use of toxic, hazardous reagents and solvents in the production and application of chemical products [27]. The greenness of a system or a method is regularly assessed by approaches based on the scoring or evaluation according to definite standards. This study will attempt two assessment methods: the analytical eco-scale assessment method (ESA) and National Environmental Methods Index (NEMI).



ESA [28] is constructed to calculate a numerical score to obtain a final value revealing the greenness of the system, where 100 is the ideal green process.



NEMI is considered one of the oldest tools performed to assess the greenness of the analytical process qualitatively based on the green or colorless quartered-pictogram. Approval criteria were developed and applied to produce a greenness profile that translates analytical method data (including chemicals used, pH and waste generated) into a greenness profile. Four key terms gather the profile criteria: PBT (persistent, bioaccumulative and toxic), Hazardous, Corrosive and Waste [29].



Although many research articles have described the extraction of quercetin from onion scales waste [19,20,22,26,30,31,32,33,34], they are characterized by complicated extraction processes, long extraction times, targeting total phenols rather than specific compounds, such as quercetin as in the proposed studies, and poor yields. Some studies regarding the extraction of onion peels and targeting flavanols will be summarized in the following lines. Onion peels were extracted by ethanol, hot water in comparison to subcritical water extraction, where the cell was filled with a mixture of onion peel powder and diatomaceous earth and distilled water. The extraction temperature was set at 110 °C or 165 °C for 15 min. However, ethanol extract has the highest yield of quercetin (62.39 ± 1.22 mg/g extract) [32]. Deep eutectic solvent-based extraction of antioxidants from onion peel includes the use of a microwave with power 850 W for 5–25 min, followed by LLE with ethyl acetate. The extraction yields were 6.18, 0.35 and 0.10 mg/g for quercetin, kaempferol and myricetin, respectively [30]. A comparative study using conventional solvent extraction, MAE with 69.7% ethanol for 117 s and UAE with 43.8% ethanol for 21.7 min, was employed for onion peels. The extraction yields of quercetin were 3.42 ± 0.30, 4.75 ± 0.15 and 3.76 ± 0.38 mg/g for conventional solvent extraction, MAE and UAE, respectively [22].



This study aims to develop green, simple, high yield, time and cost-saving protocols to extract quercetin from red onion scale-waste and optimize MAE and UAGE methods using a factorial design to determine the conditions that resulted in the highest yield of quercetin. Additionally, the study investigates the stability of quercetin during the proposed extraction protocols.



A detailed comparative assessment will also be performed regarding the time and contents extracted by the proposed protocols versus the published methods. To the best of our knowledge, this paper is the first to assess the greenness profiles of quercetin extraction methods. Accordingly, the study also includes evaluating the greenness of proposed extraction methods to show the advantages of the proposed new methods over the published ones, using NEMI and ESA approaches.




2. Materials and Methods


2.1. Instruments


An HPLC system supplied with a UV-Vis detector (Agilent Technologies, Ramsey, MN, USA) was used in all measurements. The system was controlled with Agilent ChemStation Software (Agilent Technologies, Ramsey, MN, USA). Analysis was performed using an HC-C18 column, 5 µm, 4.6 × 250 mm (Agilent technologies, Santa Clara, CA, USA). An ultrasonicator (Elma D-78224 Singen/Htw, Singen, Germany) with HF-Frequency 35 kHz has been used for the studies. MAE was performed in a domestic microwave oven (Sharp Corporation, Thai, Thailand). The microwave was equipped with a magnetron of 2450 MHz with an output power of 1100 W, five power levels and a time controller.




2.2. Chemicals, Standards and Samples


Quercetin standard (95% purity) had been purchased from (Acros Organics, Belgium). Red onions had been purchased from a local market (Cairo, Egypt). All solvents and chemicals used throughout the study were of HPLC grade. Glycerol and absolute ethanol were of analytical grade (El-Nasr Company, Giza Governorate, Egypt). All samples were protected from light and stored in a refrigerator.




2.3. Standard and Red Onion Scales Preparation


Quercetin standard stock solution: (1.00 mg/mL) was prepared in methanol.



Red onion scales: were separated from the onions bulbs. Considering the fact that all scales were needed to be totally free from apparent damage and infections. These scales were well washed with water and left to dry at room temperature and protected from direct sunlight for 1 day, then were collected and stored in well-closed containers and protected from direct exposure to sunlight for no more than two weeks. Finally, these scales were ground into fine particles and were used for all extraction processes under study.




2.4. HPLC Chromatographic Method


Chromatographic conditions and construction of calibration curve. Aliquots equivalent to (0.01–0.10 mg) of quercetin were transferred into a series of 10.00 mL volumetric flasks from its stock solution (1.00 mg/mL), and the volume was completed with the mobile phase (0.1% orthophosphoric acid: acetonitrile, 60:40, v/v). Volumes of 20 μL of each solution were injected with the aid of an Agilent® analytical syringe in triplicates after filtration through a 0.45 μm membrane filter.



A previously reported HPLC method of analysis [35,36] was optimized and validated according to ICH guidelines [37] to evaluate the efficiency of the extraction protocols of GB from sachets. Gradient elution was adopted, using mobile phases consisting of 0.1% orthophosphoric acid of pH 3.00 (mobile phase A) and acetonitrile (mobile phase B). The gradient was programmed with the following time intervals and percentages of mobile phases (A:B): 0–12.0 min (60%:40%) 12.10–15.0 min (80%:20%) and 15.10–20 min (40%:60%). The flow rate was kept at 1.00 mL/min throughout the chromatographic run. The column temperature was maintained at 25 °C. UV detection was done at 370.00 nm. The chromatograms were recorded, and calibration curves relating the obtained peak areas to the corresponding concentrations were constructed.




2.5. Different Extraction Protocols


2.5.1. Ultrasound-Assisted Glycerol Extraction (UAGE) Protocol of Quercetin from Onion Scales


The extraction of 1.00 g red onion scales was assisted by an ultrasonicator using a mixture of 12.50, 10.00 and 2.50 mL of glycerol, ethanol and concentrated HCl, respectively, for 4.0 h. The temperature had been controlled not to exceed 40.00 °C throughout the whole extraction process. The samples were filtered on filter paper and completed to a final volume of 25.00 mL, then stored in a refrigerator for further analysis by HPLC-UV. These optimum conditions previously mentioned had been repeated on the same onion scales for the determination of the number of cycles required for the complete extraction of quercetin.




2.5.2. Microwave-Assisted Extraction (MAE) Protocol of Quercetin from Onion Scales


Solvent system choice had been performed using different sets of solvents, such as ethanol, water, methanol, acetonitrile, different ratios of (ethanol: water, 8:2, v/v), (ethanol: water, 1:1, v/v) and (ethanol: water, 2:8, v/v). Then using the optimum solvent system, concisely, an accurately weighed 0.30 g of red onion scales were mixed with 20.00 mL of the mixture of (water: ethanol, 1:1, v/v) and extracted in a microwave for 120.0 s using 70% of the microwave power, which is equivalent to 770 W. The samples were filtered on filter paper and completed to 25.00 mL, then stored in a refrigerator for further analysis by HPLC. These conditions had been repeated for the same sample of onion scales for the determination of the number of cycles required for the complete extraction of quercetin.




2.5.3. The Evaluation of Efficiency of Extraction Protocols of Quercetin from Red Onion Scales


The concentration of quercetin had been determined in different extracts by the standard addition technique. A constant volume of each extract was mixed with serial volumes of quercetin standard, giving final concentrations of 2.00–8.00 µg/mL. These samples had been analyzed by the proposed HPLC method of analysis. A calibration curve had been constructed for each sample of red onion scales extracted by the previously discussed protocols.




2.5.4. Stability of Quercetin Extracted from Red Onion Scales


Aliquots of quercetin standard of concentration (10.00 µg/mL) had been exposed to UAGE and MAE and compared to the standard of the same concentration. The percentage recovery and concentration of quercetin were calculated using the proposed HPLC method of analysis.





2.6. Application of Analytical Eco-Scaling Assessment (ESA) and National Environmental Method Index (NEMI) for Greenness Assessment to Quercetin Methods of Extraction


The principles and procedure of both greenness assessment tools [28,29] were carefully applied to four previously published onion scales extraction protocols [19,20,22,30]. The evaluation was applied to diverse methods of analysis for extracting quercetin or other contents of onion scales. Regarding the ESA tool, only numerical values were used without any figures. In contrast, in the NEMI model, the green color indicated the greenness of the extraction and analysis methods. In the model, a comparison of the time required for extraction and the yield had also been introduced.





3. Results


3.1. Optimization and Validation of the Chromatographic Method


A bundle of conditions previously described for quercetin standard separation had been performed after the optimization of the mobile phase composition. The linearity was obtained by plotting the peak area of quercetin standard versus its concentration within the range 1.00–10.00 µg/mL. Method validation was conducted as per ICH guidelines [37]. The validation and regression equation parameters are summarized in Table 1. The method was found to be robust under small changes in the studied factors (±0.10 mL/min of flow rate, ±1.00% of the mobile phase, ±0.10 of pH and 1.00 nm of scanning wavelength), as shown by small RSD% of the responses to these changes in Table 1.



The proposed HPLC method was applicable to determine quercetin in red onion scales. System suitability parameters [38] for quercetin in red onion scales were calculated and summarized in Table 1.




3.2. Different Extraction Protocols


Sample preparation is essential prior to its analysis, consuming almost half of the time required for analysis. This preparation step must be time, cost and effort-saving, and eco-friendly [39]. The greenest extraction protocol sometimes uses a solvent-free chemical process, but this could not happen all the time due to the overheating, degradation of active constituents and high energy supply requirements.



The primary treatment and washing of the onion scales with water and drying at room temperature did not affect the content of quercetin. Quercetin is poorly soluble in water at 25 °C. Its solubility increased up to four times with temperature until it becomes unstable at 100 °C; hence, the scales were dried at room temperature [40,41].



3.2.1. Ultrasound-Assisted Glycerol Extraction (UAGE) Protocol of Quercetin from Onion Scales


A factorial design of 24 (four factors, two levels each) was performed to optimize factors affecting the extraction of quercetin from red onion scales, as shown in Table 2.



The results showed that all factors had significant effects on the extraction yield. A high extraction yield of quercetin was observed when glycerol accompanied with ethanol and HCl was used, as shown in Figure 1A.



As previously published, ethanol favors the solubility of flavonoids due to its low polarity. The dielectric constants of ethanol and glycerol are about 25.1 and 44.3, respectively [38,42]. Thus, the mixture of both solvents aided the solubility of flavonoids more than using glycerol alone. The polarity was not the only factor affecting the solubility of flavonoids [5]. Acid addition had the highest effect on the extraction yield due to swelling of the tissue walls helping the liberation of quercetin. Moreover, time significantly impacted the extraction yield, where the quercetin amount increased with an increase in ultrasonication time. The temperature had to be maintained at 40 °C to avoid hydrolysis of the glycoside contents available in the sample [40].



The optimum conditions were repeated three times for the complete and significant extraction of quercetin from the red onion scales. The reported amounts of quercetin were 16.55 ± 0.81, 7.73 ± 0.28, 0.59 ± 0.04 and 0.06 ± 0.01 in mg/1g on a dry base, respectively.



The HPLC chromatogram of red onion scales extraction is shown in Figure 2A.



The amount and cumulative amounts of quercetin, extracted by applying the optimum conditions, were calculated and gathered in Figure 3A, showing the pattern of quercetin extraction at different time intervals.




3.2.2. Microwave-Assisted Extraction of Quercetin from Red Onion Scales


The solvent system used in MAE is usually an important factor affecting the extraction protocol [14,15]. The results showed that the mixture of water: ethanol (1:1, v/v) was superior to other systems, resulting in the highest yield of quercetin 27.52 ± 1.55 mg/1g red onion scales on a dry base. This is due to the high dielectric constant and high capacity of absorbing microwave energy of water, which leads to a higher heating rate of the solvent with respect to the plant material [14]. The efficiency of extraction can be improved by combining different solvents. Consequently, for the extraction of thermolabile quercetin, a combination of water with ethanol, having lower dielectric properties than water, was used to ensure that the solvent temperature will remain lower to cool down the solutes once released into the solvent [14,15]. This mixture will be used throughout the study.



To optimize the factors affecting the extraction of quercetin from red onion scales, a factorial design 23 (three factors, two levels each) was established based on the previously mentioned factors under the experimental part. The factors showing the highest yield are summarized in Table 2 and Figure 1B. Quercetin yield increased with an increase in the weight of scales, which showed that quercetin exhibits good solubility in the solvent system, where it did not reach saturation easily. The evaluation of results also showed that microwave power and time positively influenced the extraction yield of quercetin [18]. Some studies reported that the variation of power from 500 to 1000 W had no significant effect on the yield of flavonoids. While in the proposed study, using microwave power equivalent to 770 W resulted in a substantial increase in the extraction yield of quercetin. The decrease in extraction yield was found at temperatures higher than 110 °C because of the instability of flavonoids [14]. The results displayed that only two cycles were required for significant and complete extraction of quercetin from red onion scales, showing 27.20 ± 1.55, 2.78 ± 0.07 and 0.18 ± 0.01 in mg/1g on a dry base, respectively. This was because solutes were completely released from the plant materials during the first two cycles. HPLC chromatogram of the MAE of red onion scales is shown in Figure 2B.




3.2.3. Evaluation of the Efficiency of Extraction Protocols of Quercetin from Red Onion Scales


Standard addition was applied to determine the concentration of quercetin in different extracts. This technique is commonly used to eliminate matrix effects from a measurement since it is assumed that the matrix affects all the solutions equally. The proposed HPLC-UV had analyzed the samples. A calibration curve had been constructed for each sample of red onion scales extracted by the previously discussed protocols, as shown in Figure 4A,B. The results showed that the extracted matrix had a non-significant effect on the analysis protocol as formerly presented.



According to the previous results, it was apparent that MAE was more timesaving and of higher yield than previously discussed studies that determined total flavonoids rather than quercetin only [19,20,30]. Nevertheless, UAGE is a green approach regarding glycerol, a biodiesel industry by-product of low volatility, inflammable, non-toxic and inactive solvent [34]. Although the UAGE proposed protocol was more time-consuming, it is considered a reliable approach for its greener result, which will be discussed later.




3.2.4. Stability of Quercetin


The stability of quercetin had been studied under different extraction protocols. Results showed good stability of quercetin in extraction conditions, where percent recoveries were 96.99% ± 2.35 and 98.45% ± 1.42 for UAGE and MAE, respectively. This step was significant to ensure that the applied extraction conditions did not cause degradation of the targeted component.





3.3. Application of Analytical Eco-Scaling Assessment (ESA) and National Environmental Method Index (NEMI) for Greenness Assessment of Quercetin Methods of Extraction


The collected outcomes of the greenness assessment using the two assessment tools are presented in Table 3. As per ESA scores, the study by Jin et al. [22] has the greenest protocol with a score of 78 since the authors did not use many hazardous chemicals, followed by Das et al.’s study [19], with a score of 65. However, the lowest score was observed for Pal et al.’s design [30] and Pal et al.’s protocol [20]. While according to NEMI pictograms, Jin et al.’s [22] and Das et al.’s studies [19] were the greenest, having three green quadrants. In contrast, Pal et al.’s design [30] and Pal et al.’s protocol [20] showed lesser greenness, with one green quadrant only.



The proposed method of MAE, as previously discussed, showed a green approach, which was clear after the greenness assessment. The ESA score was 85, the total penalty points was 15, with energy consumption of only one point. NEMI presented four green quadrants due to the green chemicals with no hazardous or corrosive effects. For the UAGE protocol, the ESA score was 75, the total penalty points were 25, with energy consumption of only one point. NEMI presented two green quadrants due to the use of HCl in the extraction, as shown in Table 3.



From the previously shown outcomes, it is clear that the consumption of too many chemicals and reagents leads to the dropping of the greenness of any proposed extraction or method of analysis. By comparing our proposed MAE and UAGE protocols with previously published studies, we can conclude that both are complete green designs, using green solvents and lower energy consumption. Although MAE resulted in a higher yield at only 120 s, UAGE can be considered a green system even with 4 h/cycle extraction. Nevertheless, the proposed protocols only targeted a specific compound, which increases the challenge of selectivity and difficulty of the analysis method.





4. Conclusions


In this study, two extraction protocols have been developed to select the best method to extract quercetin from red onion scale waste. Green approaches were adopted, and green extraction protocols were optimized to extract quercetin from red onion scales that are usually discarded as waste. The HPLC-UV method of analysis had been optimized to quantify and compare the yields from the extracts. This was proven by the standard addition method that quantified the extract after the application of extraction protocols. The MAE protocol was superior in terms of time consumption, amount of quercetin extracted and the number of cycles required to extract quercetin completely. UAGE and MAE were both considered green when compared with other previously published studies for solvents and equipment under study. The assessment of the greenness of the proposed MAE and UAGE protocols compared to previously published studies guaranteed the superiority of the presented studies. Compared to previously published protocols, the proposed MAE method is a perfect green technique as assessed by ESA and NEMI due to the use of safer chemicals during extraction steps, which favors its use for the green extraction of different waste products. In contrast, UAGE is composed of green solvents that increase its scoring assessment but are less time-saving.
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Figure 1. (A) Pareto chart and normal plot of the standardized effects of ultrasound-assisted glycerol extraction and (B) Pareto chart and normal plot of the standardized effects of microwave aided extraction. 
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Figure 2. Graphs showing: HPLC chromatograms of quercetin from red onion scales after: (A) Ultrasound-assisted glycerol extraction and (B) microwave aided extraction protocols. 
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Figure 3. Graphs showing the amount of quercetin extracted and the cumulative amount of repeated cycles for: (A) Ultrasound-assisted glycerol extraction and (B) microwave aided extraction of red onion scales. 
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Figure 4. Graphs showing matrices effect and the calculation of quercetin concentrations using the standard addition technique for: (A) Ultrasound-assisted glycerol extraction for the extraction of red onion scales and (B) microwave aided extraction for the extraction of red onion scales. 
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Table 1. Summary of regression equation parameters and method validation results for quercetin standard collected by the proposed HPLC and system suitability parameters for HPLC method of analysis.
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Summary of Regression Equation Parameters and Method Validation Results

	
System Suitability Parameters of the HPLC Method






	
Parameter

	
HPLC Method

	
Parameter 1

	
Quercetin in Red Onion Scales

	
Reference Values 2




	
Accuracy (mean ± SD)

	
100.11 ± 1.64




	
Precision

	
Repeatability *

	
100.88 ± 1.95

	
Resolution (Rs)

	
4.60

	
>2.00




	
Intermediate Precision **

	
100.02 ± 2.83




	
Range

	
1.00–10.00 µg/mL

	
Peak symmetry (As)

	
1.10

	
≤2.00




	
Linearity

	
Regression Equation

	
   y = 86.601 x − 0.6938   




	
Correlation Coefficient (r)

	
0.999

	
Capacity factor (K’)

	
1.50

	
>2.00




	
Standard Deviation of Residuals

	
4.70

	
Separation factor (α)

	
3.00

	
>1.00




	
Robustness ***

	
Flow Rate ± 0.10 mL

	
2.32%

	
Number of theoretical plates (N)

	
3600

	
>2000




	
Mobile Phase ± 1.00%

	
2.05%




	
pH ± 0.10

	
2.86%




	
Wavelength ± 1.00 nm

	
2.09%








* Intraday precision (n = 3), average of three concentrations repeated three times within one day; ** Interday precision (n = 3), average of three concentrations repeated three times in three days; *** Robustness as RSD % was only calculated for HPLC method of analysis; 1 Values are calculated relative to the nearest peak; 2 USP 2011.













 





Table 2. Summary of the factorial design for factors that affected the extraction of red onion scales by ultrasound-assisted glycerol extraction protocol and microwave-assisted extraction.
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Factor Name

	
Factor Code

	
Low Level (−1)

	
Zero Level

	
High Level (+1)






	
Ultrasound-Assisted Glycerol Extraction




	
Solid/Liquid Ratio (g/mL)

	
A

	
0.2 5g/25.00 mL

	
0.50 g/25.00 mL

	
1.00 g/25.00 mL




	
Time of Extraction (h)

	
B

	
1.00

	
3.00

	
4.00




	
Addition of Ethanol (mL)

	
C

	
Not added

	
5.00

	
10.00




	
Addition of concentrated HCl

	
D

	
Not added

	
1.25

	
2.50




	
Microwave Aided Extraction




	
Solid/ Liquid Ratio (g/mL)

	
A

	
0.10 g/20.00 mL

	
0.20 g/20.00 mL

	
0.30 g/20.00 mL




	
Time of Extraction (s)

	
B

	
30.00

	
75.00

	
120.00




	
Power of Microwave

	
C

	
30%

	
50%

	
70%











 





Table 3. Analytical eco-scale assessment and national environmental method index tools for the assessment of greenness values of several previously published extraction and analytical procedures for red onion scales.
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Applied Extraction Protocols and Different Methods of Analysis

	
Eco-Scale Assessment

	
NEMI Tool




	
Parameters

	
Penalty Points






	
1

	
A microwave-assisted extraction (MAE) method was considered for the extraction of total phenolics, total flavonoids and DPPH scavenging activity from onion peels [19].

	
Reagents

	
35
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Energy used

	
0




	
Waste

	
0




	
Occupational hazard

	
0




	
Total penalty points

	
35




	
Analytical Eco-scale

	
65




	
2

	
This study showed the yield targeting total phenolic content and major flavonoids: Quercetin, kaempferol and myricetin [30].

	
Reagents

	
54
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Energy used

	
2




	
Waste

	
3




	
Occupational hazard

	
3




	
Total penalty points

	
62




	
Analytical Eco-scale

	
38




	
3

	
Optimizing microwave-assisted extraction from onion peel wastes [20].

The yield total phenolic content and FRAP were determined only.

	
Reagents

	
54
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Energy used

	
8




	
Waste

	
3




	
Occupational hazard

	
3




	
Total penalty points

	
68




	
Analytical Eco-scale

	
32




	
4

	
Conventional solvent extraction, microwave-assisted extraction and ultrasound-assisted extraction were employed [22].

Quercetin concentration was introduced.

	
Reagents

	
20
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Energy used

	
2




	
Waste

	
0




	
Occupational hazard

	
0




	
Total penalty points

	
22




	
Analytical Eco-scale

	
78




	
Our work

	
Microwave aided extraction method.

Optimum conditions were discussed in the experimental part.

The yield from the first cycle of extraction:

Amount of quercetin 27.20 ± 1.55 mg/1g dry weight.

	
Reagents

	
14
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Energy used

	
1




	
Waste

	
0




	
Occupational hazard

	
0




	
Total penalty points

	
15




	
Analytical Eco-scale

	
85




	
Our work

	
Ultrasonic aided glycerol extraction.

Optimum conditions were discussed in the experimental part.

The yield from the first cycle of extraction:

Amount of quercetin 16.55 ± 0.81 mg/1g dry weight.

	
Reagents

	
18
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Energy used

	
1




	
Waste

	
3




	
Occupational hazard

	
3




	
Total penalty points

	
25




	
Analytical Eco-scale

	
75
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