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Abstract: The reuse of food chain residues is topical. This revaluation can extract bioactive com-

pounds of these residues. However, extraction involves chemicals that cause environmental dam-

age. In the present work, an experimental design with natural deep eutectic solvents (NADES) has 

been carried out for extracting bioactive compounds from orange peel residues. NADES have very 

low environmental impact. The tests were performed with 5 different NADES mixed with 70% wa-

ter. The results were compared with Ethanol-Water 50%, v:v, showing that NADES solvents pro-

vided better extraction of phenolic compounds and antioxidant capacity. The shelf-life of the ex-

tracts was also evaluated based on the above tests for 4 weeks obtaining significant changes from 

day 15 of storage at 4 °C. 

Keywords: NADES; antioxidant activity; poliphenols; stability; hydrophilic character; orange peel 

waste.  

 

1. Introduction 

In recent years the concern for preserving the environment has become increasingly 

important. Food industry is trying to find ways to reduce its carbon footprint and pollu-

tion of theirs processes, make better use of food and reuse its residues. By the way, the 

extraction of biofunctional compounds is carried out using organic solvents. These pro-

cesses have limitations such as the use of large volumes of solvent, in some cases toxic or 

harmful to the environment, low selectivity, or need of purification steps. One of the lines 

of research of "Green Chemistry" is to find good sources of biofunctional compounds such 

as plant residues, as well as new extraction techniques and less polluting extractants min-

imizing the environmental impact [1,2]. 

Orange residues obtained from the orange juice industry is one of the most abundant 

in the food industry. 70 million tons of oranges are produced annually worldwide, among 

which the peel comprises 40-50% of the total weight of the orange [3]. 

During the last twenty years, there have been two focuses of study regarding "green 

solvents". One of them has been on Ionic Liquids (ILs): formed by a cation and an organic 

or inorganic anion joined by ionic bonds. However, their low biodegradability does not 

make them entirely sustainable, so the research has been received by the other focus of 
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study, the Deep Eutectic Solvents (DES) [4]. They are gaining more importance due to the 

investigations that are carried out year after year. 

The definition given for DES [4] consist of liquid mixture, formed by two or more 

compounds, whose melting point is lower than that of the pure compounds that form it. 

Thus, two substances that are solid form a liquid phase at their eutectic temperature. Nat-

ural Deep Eutectic Solvents are DES formed by natural compounds of low molecular 

weight as sugars, organic acids, or amino acids among others. 

In the present study, it is investigated whether an increase in the polarity of NADES 

through its dilution with a high proportion of water is usefully and could improve the 

extraction of polar compounds such as polyphenols; in the same way that other studies 

use water as cosolvent to increase solubility [5]. A water content greater than 50% in the 

NADES is considered an aqueous solution of its constituents rather than a eutectic mix-

ture. However, another important condition to consider during the extraction is the vis-

cosity, a high value would hinder the mass transfer between the solute and the solvent, 

which would cause a poor extraction performance. Thus, a higher proportion of water in 

the NADES would mean lower viscosity and therefore better performance [6]. Lastly 

shelf-life of NADES extracts has been investigated as a novel approach on this subject. 

2. Materials and Methods 

2.1. Sample Preparation and Extraction Procedure. 

The orange samples were bought in supermarkets and groceries in the city of Valen-

cia, at the optimum moment of ripening. The type of fruit studied was the orange (Citrus 

sinensis), variety Navelina. First, peels of 6 oranges were removed from the pulp and 

crushed with a blender. Each orange gets around 200 grams of peel. Then, 7 grams of peel 

were weighed, which is what would be taken as the analysis sample, in total 6 samples 

were used, one for each of the 5 types of NADES used and one more for the mixture eth-

anol-water (50%, v:v). Once each sample has been prepared, 70 ml of extractant is added 

to have a 1:10 solid-liquid ratio, it is left under magnetic stirring for 20 minutes to carry 

out the extraction. Once this time has elapsed, the extract is introduced into Falcon®  con-

ical tubes and centrifuged for 10 min at 3000 rpm to separate the peel and obtain only the 

supernatant that will be introduced into other 50 ml Falcon®  conical tubes. These were 

kept at 4 °C until the time of the different tests. All the extractions were carried out in 

triplicate and the tests were duplicated (total: 36 extracts). The test was carried out with a 

sample of fresh peel, but in parallel a desiccation test was carried out, in an oven at 100 °C 

until constant weight, to know the peel water content. 

2.2. NADES Preparation. 

The choice of the mixtures was made through a previous bibliographic search, opting 

for those where better results were obtained on the extraction of Total Polyphenols Com-

pounds (TPC) and Total Antioxidant Capacity (TAC) in their respective studies (Table 1). 

Table 1. NADES selection. 

NADES Molar Ratio Authors  

ChCl: Glu 2:1       Panić et al., 2021 [3] 

ChCl: CitAc 2:1      Zhou et al., 2018 [7] 

   CitAc: Glu                     

       ChCl: Gly   

Glu: Gly 

1:1 

3:1 

1:1 

     Xie et al., 2019 [8] 

Mouratoglou et al., 2016 [9] 

     Panić et al., 2021 [3] 

ChCl: Choline Chloride; Glu: Glucose; CitAc: Citric Acid; Gly: Glycerol. 

It was used various possibilities to create NADES (quaternary amine, sugar, organic 

acid, and glycerol). Their components were choline chloride (ChCl), glucose (Glu), citric 
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acid (CitAc) and glycerol (Gly), using the same stoichiometric proportion of the original 

studies. Subsequently, they were heated to between 50 and 90 °C in a water bath to facili-

tate their melting and then, the volume of water was added. In the studies, the water con-

tent was 30% for each NADES, so when inverting the proportions of water to achieve a 

more hydrophilic character, 70% was used.  

2.3. Followed Protocols. 

Measurement of TAC was using the DPPH method [10]; meanwhile the measure-

ment of the content of TPC were quantified using the Folin-Ciocalteau method [11].  

2.4. Statistical analysis 

A statistical analysis of the data obtained using the SPSS v.26 program was per-

formed. To compare PFT and CAT of the same extract per day and between the 6 extracts, 

a test of homogeneity of variances was carried out by the ANOVA test. A post hoc test of 

multiple comparisons, HSD Tukey, was used to check for differences between the extracts 

per day. 

3. Results. 

3.1. Total Antioxidant Capacity. 

The estimate of TAC was represented by percentage of DPPH inhibition and its evo-

lution throughout the 4 weeks is observed in Table 2. 

Table 2. Comparison of Total Antioxidant Capacity for different NADES tested. 

   

In bold: Significant differences with p-value <0.001 within the same NADES with respect to the day. (a) Significant differ-

ences <0.001 with respect to ChCl-Gly; (b) Significant differences <0.001 with respect to AC-Glu; (c) Significant differences 

<0.001 with respect to Glu-Gly. (d) Significant differences <0.001 with respect to ChCl-AC. (e) Significant differences <0.001 

with respect to ChCl-Glu; (f) Significant differences <0.001 with respect to Ethanol-Water. 

The best results have been achieved in the NADES extracts from the two combina-

tions with Gly without presenting significant differences. The best inhibition was obtained 

by ChCl-Gly extracts with 52%; followed by Glu-Gly extracts with a maximum inhibition 

of 45.8%. The following combinations with the best results were ChCl with Glu or with 

CitAc, finding between 46.9 and 44.1% reduction in DPPH, respectively. Both showed sig-

nificant differences with the Gly combinations as the trial progressed. The worst results, 

more variable and with significant differences with respect to the previous ones, have 

been the extracts from CitAc-Glu with up to 29% reduction in DPPH. It should be noted 

that this last extract is the only one that does not exceed the values obtained with a con-

ventional reference solvent (Ethanol-Water), although they are statistically similar. On the 

other hand, from this reference solvent it is observed that there is a significant difference 

with respect to the first 4 named solvents. 

0.0
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Table 3 shows that the highest retention or stability of TAC was shown by the ChCl-

CitAc extract with 98.3%, while the greatest reduction was seen in the Ethanol-Water ex-

tract with 43.5% behaving differently from the other extracts that presented withholdings 

around 80-90%. Moreover, Table 3 shows how the stability of TAC has been maintained 

until day 15 of analysis. Since this day the values of all extracts has been decreased. 

Table 3. Total Antioxidant Capacity retention during the stability test. 

 Solvents 
TAC day 1  

(% inhibition) 

TAC day 15 

(% inhibition) 

TAC day 24  

(% inhibition) 

Retention day 15  

(%) 

Retention day 24 

 (%) 

ChCl- Gly  41.7  45.1  36.6  100  87.5  

Glu-Gly  40.1  36.3  32.1  95.5  82.2  

ChCl- Glu  36.5  38.5  29.9  100  81.4  

ChCl-CitAc  36.4  35.6  35.9  97.3  98.3  

Etanol-Water  32.9  24.8  14.8  74.5  43.5  

CitAc-Glu  26.9  22.2  22.0  77.9  77.5  

3.2. Measurement of the content of Total Phenolic Compounds. 

The estimation of TPC was represented in mg Galic Acid equivalent (GAE) / 100 g 

dry weight (DW) orange peel. The changes are observed during the stability test (Table 

4). 

Table 4. Comparison of Total Phenolic Compounds for different NADES tested. 

 

In bold: Significant differences with p-value <0.001 within the same NADES with respect to the day.(a) Significant differ-

ences <0.001 with respect to ChCl-Gly; (b) Significant differences <0.001 with respect to ChCl-CitAc; (c) Significant differ-

ences <0.001 with respect to CitAc-Glu. (d) Significant differences <0.001 with respect to ChCl-Glu. (e) Significant differ-

ences <0.001 with respect to Glu-Gly; (f) Significant differences <0.001 with respect to Ethanol-Water. 

In this case, data is different from those seen in the TAC measurement. There are two 

clearly differentiated groups with differences significant among them, with the worst re-

sults being the three NADES extracts that present ChCl in their combinations. The results 

of the CitAc-Glu extract stand out, seeing it as the best in terms of TPC extraction with a 

maximum of 5180 mg GAE / 100 g DW and presenting significant differences with respect 

to all the others. The values of the mixtures with Ethanol-Water and Glu-Gly followed, 

which reached a concentration of up to 4680 and 4670 mg GAE / 100 g DW respectively. 

The three remaining mixtures with ChCl reach a maximum concentration of between 1540 

(ChCl-CitAc) and 590 mg GAE / 100 g DW (ChCl-Gly), which is very significant if we 

compare it with 3220 mg GAE / 100 g of DW, which is the lowest value of Glu-Gly extract.  

In Table 5 the highest retention of TPC at the end of the test was shown by the ChCl-

Gly extract with 94.6%, while the highest reduction was presented by the Ethanol-Water 
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with 79.7 %. All other extracts kept TPC levels around 85%. In this test the NADES con-

tinue to show better retention results than those obtained by a conventional solvent. In 

the same way that happen in Table 3; the stability of TPC is maintained until day 15 of 

analysis.  

Table 5. Total Polyphenolic Compounds retention during the test. 

Solvents 
TPC day 1 (mg 

GAE/100 g DW) 

TPC day 15 (mg 

GAE/100 g DW) 

TPC day 24 (mg 

GAE/100 g DW) 

Retention day 15  

(%) 

Retention day 24 

 (%) 

CitAc-Glu  5060  4620  4420  91.3 87.4 

Ethanol-Water  4680  4010  3730  85.7 79.7 

Glu-Gly  4050  3620  3390  89.4 83.7 

ChCl-CitAc  1350  800  1220  59.3 90.4 

ChCl- Glu  950  880  810  92.6 85.3 

ChCl- Gly  740  740  700  100 94.6 

4. Discussion. 

In this section, the relevance of the use of more hydrophilic NADES for the extraction 

of polar compounds will be discussed. The results obtained will be compared with other 

studies with NADES to show that they are a significant alternative in the extraction of 

polar bioactive compounds such as TPC an get a better TAC.   

Two of the selected studies that used citrus peel (orange and lemon) have been in-

cluded. In the first it analyzed the performance of NADES at 30, 50, or 80% water (v:v) to 

extract TPC from orange peel [3] and found that the best results were those of the combi-

nations of NADES 50 and 80% water (5200 and 5100 mg GAE/ 100 g fresh weight (FW), 

respectively). While the ethanol reference extract obtained 4000 mg GAE / 100 g FW, thus, 

better performance is observed for the more hydrophilic NADES extracts. In contrast, the 

other study using lemon peel [9] verified the TPC content of both conventional extracts 

(60% ethanol, v: v) and NADES tested in 10% water. In this case, the performance to ex-

tract TPC was better for the NADES extract with 5370 compared to the 2710 mg GAE / 100 

g DW achieved by the ethanol extract. However, when comparing with the previous 

study, it would be observed a better performance if have been expressed the results in dry 

weight. Both studies have shown results within the range obtained by this work. 

Among the studies with the best results is [12] a process for the extraction of TPC 

from coffee using NADES at 50% water combined with US. The highest TPC content was 

8701 mg GAE / 100 g DW of coffee extracted. Therefore, better performance is also ob-

served here for the more hydrophilic NADES extracts. 

Regarding the TAC, the studies found better result with the less hydrophilic NADES 

extracts (20% water), this being between 92 and 73% inhibition of DPPH [3,13]. While an 

extract of NADES in 70% water has achieved a 59% reduction in DPPH [14], which is like 

the 52% obtained in this work. 

Finally, regarding the stability of the tests, it should be noted that now have not been 

found articles that use extracts of NADES in this evaluation, so the comparisons have been 

carried out with studies that used conventional solvents. The retention of TPC in the stud-

ies was between 99-93% [15] and 85-66% [16] while that of this work has been 94.6-83.7% 

in NADES and 79.7% (Ethanol -Water), so they are within the same range. However, in 

terms of TAC, the studies obtained a 99-97% [15] and 82-70% [16,17] retention, while that 

of this work has been 98.3-77.5% in NADES and 43.5% (Ethanol-Water). This may indicate 

that the Ethanol-Water extract has obtained other antioxidant compounds apart from pol-

yphenols such as vitamin C which is more sensitive to light or temperature and therefore 

there has been this difference in final TAC. In the other extracts there seems to be a corre-

lation between the reduction of TPC and TAC in the NADES from day 15 at 4 °C. 

5. Conclusions.  
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1. The highest TPC extraction was obtained by NADES AC-Glu with 5180 mg GAE / 

100g DW with significant differences compared to the rest and the Ethanol-Water extract 

(50%, v:v) with 4680 mg GAE / 100 g weight dried. 

2. The highest TAC was obtained by the NADES (ChCl-Gly and Glu-Gly) with up to 

52 and 45.8% reduction in DPPH but Ethanol-Water (50%, v: v) achieved 29.2% reduction. 

3. The retention of TPC in 4 weeks of analysis has been between 94.6 and 83.7% in the 

NADES while that of the Ethanol-Water (50%, v:v) decreased to 79.7%. 

4. TAC retention in 4 weeks of analysis has been between 98.3 and 77.5% in the 

NADES while that of Ethanol-Water (50%, v:v) was the lowest with 43.5%. 

5. It has been found that a higher proportion of water in NADES has led to better TPF 

and TAC extractions than most studies using smaller amounts. 

6. The stability of TPC and TAC has been maintained until day 15 of analysis, show-

ing correlation in the reduction of TPC with TAC except for the Ethanol-Water extract 

where other antioxidants have been able to intervene. 

 

References 

1.  Reinoso, B. D. (2015). Recuperación de antioxidantes por tecnologías emergentes a partir de efluentes industriales y residuos forestales. 

284. [Tesis Doctoral] Universidad de Vigo. Investigo biblioteca UVigo.  
2. Anastas P. y Eghbali N. (2010). «Green chemistry: Principles and practice», Chem. Soc. Rev. 39 (1), 301-312. DOI: 10.1039/B918763B. 

3. Panić, M., Andlar, M., Tišma, M., Rezić, T., Šibalić, D., Cvjetko Bubalo, M., & Radojčić Redovniković, I. (2021). Natural deep eutectic 

solvent as a unique solvent for valorisation of orange peel waste by the integrated biorefinery approach. Waste Management, 120, 340-

350. DOI: 10.1016/j.wasman.2020.11.052. 
4. Sánchez, J. (2019). Formación y caracterización de disolventes eutécticos profundos: aplicación a la extracción de moléculas de interés. 

[Trabajo Fin de Grado] Escuela Técnica Superior de Ingenieros Industriales de la UPM. Archivo Digital UPM. 

5. Barreca, D., Mandalari, G., Calderaro, A., Smeriglio, A., Trombetta, D., Felice, M. R., & Gattuso, G. (2020). Citrus Flavones: An Update 

on Sources, Biological Functions, and Health Promoting Properties. Plants, 9(3), 288. DOI: 10.3390/plants9030288. 

6. Abbott A.P., Boothby D., Capper G., Davies D.L., Rasheed R.K. (2004). Deep eutectic solvents formed between choline chloride and 
carboxylic acids: versatile alternatives to ionic liquids. Chem Soc. 126(29):9142-7. DOI: 10.1021/ja048266j. 

7. Zhou, P., Wang, X., Liu, P., Huang, J., Wang, C., Pan, M., & Kuang, Z. (2018). Enhanced phenolic compounds extraction from Morus 

alba L. leaves by deep eutectic solvents combined with ultrasonic-assisted extraction. Industrial Crops and Products, 120, 147-154. DOI: 

10.1016/j.indcrop.2018.04.071 

8. Xie, Y., Liu, H., Lin, L., Zhao, M., Zhang, L., Zhang, Y., & Wu, Y. (2019). Application of natural deep eutectic solvents to extract ferulic 
acid from Ligusticum chuanxiong Hort with microwave assistance. RSC Advances, 9(39), 22677-22684. DOI: 10.1039/C9RA02665G. 

9. Mouratoglou, E., Malliou, V., & Makris, D. P. (2016). Novel Glycerol-Based Natural Eutectic Mixtures and Their Efficiency in the Ul-

trasound-Assisted Extraction of Antioxidant Polyphenols from Agri-Food Waste Biomass. Waste and Biomass Valorization, 7(6), 1377-

1387. DOI: 10.1007/s12649-016-9539-8. 
10. Brand-Williams, W., Cuvelier, M.E, Berset, C. (1995). Use of a free radical method to evaluate antioxidant activity. LWT Food Science 

and Technology, 28(1), 25-30. DOI: 10.1016/S0023-6438(95)80008-5. 

11. Georgé, S., Brat, P., Alter, P., & Amiot, M. J. (2005). Rapid Determination of Polyphenols and Vitamin C in Plant-Derived Products. 

Journal of Agricultural and Food Chemistry, 53(5), 1370–1373. DOI: 10.1021/jf048396b. 

12. Ahmad-Qasem Mateo, MH.; Canovas, J.; Barrajon-Catalan, E.; Micol, V.; Carcel Carrión, JA.; García Pérez, JV. (2013). Kinetic and Com-
positional Study of Phenolic Extraction from Olive Leaves (var.Serrana) by Using Power Ultrasound. Innovative Food Science and 

Emerging Technologies. (17):120-129. DOI: 10.1016/j.ifset.2012.11.008. 

13. Kolarević, L., Horozić, E., Ademović, Z., Kundalić, B. Š.-, & Husejngaić, D. (2020). Influence of Deep Eutectic Solvents (DESs) on Anti-

oxidant and Antimicrobial Activity of Seed Extracts of Selected Citrus Species. International Research Journal of Pure and Applied 

Chemistry, 120-128. DOI: 10.9734/irjpac/2020/v21i2330309. 
14. Jeong, K. M., Zhao, J., Jin, Y., Heo, S. R., Han, S. Y., Yoo, D. E., & Lee, J. (2015). Highly efficient extraction of anthocyanins from grape 

skin using deep eutectic solvents as green and tunable media. Archives of Pharmacal Research, 38(12), 2143-2152. DOI: 10.1007/s12272-

015-0678-4. 

15. Ali, A., Chong, C., Mah, S., Abdullah, L., Choong, T., & Chua, B. (2018). Impact of Storage Conditions on the Stability of Predominant 
Phenolic Constituents and Antioxidant Activity of Dried Piper betle Extracts. Molecules, 23(2), 484. DOI: 10.3390/molecules23020484. 

16. Galmarini, M. V., Maury, C., Mehingaic, E., Sanchez, V., Baeza, R. I., Mignot, S., Zamora, M. C., & Chirife, J. (2013). Stability of Individ-

ual Phenolic Compounds and Antioxidant Activity During Storage of a Red Wine Powder. Food and Bioprocess Technology, 6(12), 

3585-3595. DOI: 10.1007/s11947-012-1035-y. 

17. Esparza, I., Cimminelli, M. J., Moler, J. A., Jiménez-Moreno, N., & Ancín-Azpilicueta, C. (2020). Stability of Phenolic Compounds in 
Grape Stem Extracts. Antioxidants, 9(8), 720. DOI: 10.3390/antiox9080720. 


