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ABSTRACT: Levodopa (L-dopa) is an amino acid precursor of the catecholamines dopamine, 

norepinephrine and epinephrine, which can be used in the treatment of Parkinson's disease. 

Levodopa is present in several vegetable sources, such as Mucuna pruriens seeds. However, the 

extraction of levodopa from vegetable matrices is usually carried out with volatile organic solvents 

(methanol, hexane and chloroform). In this work we demonstrate that aqueous solutions of eutectic 

solvents (ES) can be used as alternative solvents for the extraction of levodopa. Eutectic solvents 

based on carboxylic acids or polyols combined with cholinium chloride ([Ch]Cl) were studied. 

Experimental conditions such as temperature, solid-liquid (solvent-biomass) ratio and ES 

concentration in aqueous solution were optimized by a response surface methodology, with the 

aim of maximizing the levodopa extraction yield. Extraction yields up to 9.9 ± 1.0 wt.% (levodopa 

per dry weight of Mucuna pruriens seeds) were obtained at a temperature of 56 °C, solid-liquid 

ratio of 1:7 and ES concentration close to 35 wt.%. The recovery of levodopa from the ES aqueous 

solutions was achieved by a subsequent solid-phase extraction step, allowing to recover 87% of 

the extracted levodopa with high purity. This step further allowed the solvent recovery and reuse, 

demonstrating that the solvent can be reused at least three times without compromising the 

extraction yield for levodopa. This work shows the remarkable capacity of ES aqueous solutions 

to extract the value-added compound levodopa from biomass and the possibility of applying 

reusable solvents, paving the way for their use as alternative solvents to extract bioactive 

compounds from natural sources. 
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Introduction 

According to the Parkinson's Foundation more than 1 million people worldwide live with 

Parkinson's disease.1 This is a neurodegenerative disorder,2 partially defined by a decrease in 

dopamine production, characterized by fear and bradykinesia.3 However, the direct administration 

of dopamine neurotransmitter for Parkinson’s treatment is ineffective due to its inability to cross 

the blood-brain barrier.4 Levodopa (L-dopa) (Figure 1) is a neutral amino acid precursor of the 

catecholamines dopamine, norepinephrine and epinephrine.5 Unlike dopamine, this amino acid can 

cross the blood brain barrier, reaching the central nervous system where it is converted into 

dopamine.6 Today, the main treatment for Parkinson's disease involves the administration of 

synthetic levodopa. Its administration provides a rapid and effective control of motor symptoms 

for virtually all patients. However, one of the common side effects of synthetic levodopa is 

dyskinesia (involuntary muscle-induced muscle movement),5,7 reinforcing the need of 

investigating and use levodopa extracted from natural sources. 

Mucuna pruriens is one of the largest natural sources of L-dopa, from which it was first isolated 

in 1937.7 Studies have shown that treatment with natural levodopa can control the symptoms of 

Parkinson's disease,8 reinforcing the interest in levodopa-rich plants.9 Misra and Wagner studied 

levodopa extraction from Mucuna seeds using different mixtures of ethanol:water in a 1:1 weight 

ratio under ascorbic acid protection, and chloroform in basic medium, obtaining extraction yields 

close to 1.78 wt.% and 4 wt.%, respectively.10 Anosike et al. 11 evaluated the antioxidant properties 

of extract from Mucuna pruriens seeds obtained using 99.8% methanol, and found extraction 

yields of approximately 12.16 wt.% of L-dopa. Cassani et al.12 used an acidic aqueous solution 

composed of 0.01 mol.L-1 of hydrochloric acid with the aid of ultrasounds to extract L-Dopa from 

Mucuna pruriens and obtained average concentrations of levodopa of 5.29 wt.%. Pulikkalpura et 
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al.13 evaluated the extraction of levodopa from the same biomass using a mixture of formic acid-

alcohol (1:1, w:w) with extraction yields of 6.42 wt.%. Overall, several solvents have been used 

to extract levodopa from biomass, with extraction yields ranging between 1 wt.% and 12 wt.% 

from Mucuna pruriens seeds. The best results were obtained with methanol, which is however a 

hazardous solvents; therefore, alternative and effective solvents should be studied to extract 

levodopa from biomass. Amongst neoteric alternative solvents and co-solvents it is important to 

find solvents that lead to high extraction yields, while being of low toxicity, and with high thermal 

stability and biodegradability.14,15 Amongst these, deep eutectic solvents (DES) have been 

considered as promising alternatives in this field.16 DES are mixtures of two or more compounds 

with a much lower melting temperature than the melting temperatures of the pure constituents, and 

also present negative deviations from the ideal behaviour.17 This lowering of the melting 

temperature of the mixture makes possible to prepare new solvents which may be liquid at 

temperatures close to or below room temperature.18 To prepare a mixture of two solids that can be 

liquid at room temperature does not strictly requires  negative deviations to ideality, and many of 

the mixtures reported as DES are actually near ideal mixtures.19 In this work, we will name the 

studied eutectic mixtures as eutectic solvents (ES). These mixtures, if properly designed, may offer 

important benefits compared to conventional volatile organic solvents, such as simple preparation, 

low cost, low toxicity and high biodegradability.20,21  

Studies report the use of eutectic solvents to extract compounds of interest from biomass.16,22–24 

However, there are no reported results in the literature for the extraction of levodopa using eutectic 

solvents. Even though high amounts of L-dopa have been extracted from Mucuna pruriens seeds 

(4–12 wt.%) with conventional solvents,7,10,11  its extraction is not selective. This work reports, for 

the first time, the use of aqueous solutions of eutectic solvents (ES) as effective alternatives for 
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the extraction of levodopa from biomass, additionally showing that they act as highly selective 

solvents. An initial screening on the structural characteristics of the eutectic mixtures was 

performed, followed by a response surface methodology (RSM) used to optimize operating 

conditions, such as extraction temperature (°C), solid-liquid ratio (S:L, biomass:solvent) and ES 

concentration (wt.%). The recovery of levodopa from the ES aqueous solutions was additionally 

investigated, as well as the recyclability and reuse of eutectic solvents. 

 

Figure 1. Chemical structure of levodopa. 

Materials and methods 

Biomass  

Mucuna pruriens (Figure 2) seeds were purchased from BRSeeds, São Paulo, Brazil. According 

to the distributor, the seeds were collected and naturally dried with controlled humidity. The 

samples were reduced to a fine powder (40 to 20 mesh) and stored in sealed and protected plastic 

vacuum bags until subsequent assays. In all experiments in this work, biomass pre-treatment was 

not applied.  
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Figure 2. (a) Mucuna pruriens seeds in natura (b) Mucuna pruriens after grinding (40 to 20 mesh). 

Standards and Reagents  

HPLC grade acetonitrile was from Fisher Chemical (Lisbon, Portugal). Water used was treated 

with a Milli-Q water drilling system (Millipore, model A10, Billerica, MA, USA). The amino acid 

standard (3,4-Dihydroxy-L-phenylalanine), >99.9%, was acquired from Sigma-Aldrich 

(Germany). The detailed purity of the chemicals Acetic Acid (AA), Citric Acid (CA), Glycolic 

Acid (GA), Lactic Acid (LA), Propionic Acid (PA), Ethylene glycol (EG), Glycerol (G) and 

Cholinium Chloride ([Ch]Cl) used in the DES preparation is given in Table S1 in the Supporting 

Information. The water content in these compounds was measured by a Metrohm 831 Karl Fisher 

coulometer to ensure a correct molar ratio ES preparation and their aqueous solutions at known 

concentrations. The combinations used to prepare ES, i.e. the hydrogen-bond donor (HBD) and 

hydrogen-bond acceptor (HBA) species, are summarized in Table 1.  

Operating conditions screening for the extraction  

The ES investigated in this study (Table 1) were prepared by mixing in the desired molar 

proportions under constant agitation at a temperature (maximum 80° C).25 Eutectic mixtures were 

prepared gravimetrically (± 10-4 g) in closed glass vials. Extractions were performed using a 

Carousel Radleys Tech commercial equipment, capable of stirring and maintaining the 
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temperature within ± 0.5 ° C. In preliminary extraction tests, 40 to 28 mesh dried Mucuna pruriens 

seeds were mixed with aqueous ES (at 50 wt.%) solutions under the following conditions: constant 

stirring at 300 rpm, for 90 min, at 1:10 S:L ratio, at 50 °C. This set of assays allowed to appraise 

the effect of the molecular structure of carboxylic acids and polyols on the levodopa extraction 

yield. After extraction, samples were subjected to filtration to separate the solid particles present 

in the extract. An aliquot of the 20 μL extract was diluted in 4980 μL Milli-Q water and subjected 

to filtration (0.45 µm sterile polypropylene syringe filters). After filtration, levodopa was 

quantified by HPLC-DAD (Shimadzu, model PROMINENCE). These analyses were performed 

with a Phenomenex Kinetex 5 μm C18 100 Å reverse phase analytical column (250 × 4.60 mm). 

The mobile phase consisted of 90% acetonitrile and 10% ultrapure water at a flow rate of 0.7 

mL.min-1 and using a 20 μL injection volume. DAD was adjusted to 280 nm. Each sample was 

analyzed in triplicate. Calibration curves were prepared using pure levodopa aqueous solutions. 

The DAD-HPLC results show that aromatic compounds are not being co-extracted from the seeds 

of Mucuna pruriens, at least at concentrations higher than the detection limit of the equipment at 

the given wavelength. The extraction yield (EY%) of levodopa was determined using equation 1:  

 

EY%=
weight of levodopa

weight of biomass
  . 100                                                           (1) 

 

At least three individual samples were prepared, and three samples from each aqueous phase were 

quantified, allowing the determination of the average extraction yield and corresponding standard 

deviation. 
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Table 1. List of HBA, HBD, molar ratio, structural formula and abbreviations of ES used in this 

work. 

Hydrogen bond 

acceptor (HBA) 

Hydrogen bond 

donor (HBD) 
Structural Formula 

HBA:HBD 

Molar ratio 
Abbreviation 

Cholinium chloride 

Acetic Acid 

 

1:2 [Ch]Cl:AA (1:2) 

1:1 [Ch]Cl:AA (1:1) 

Citric Acid 

 

1:2 [Ch]Cl:CA (1:2) 

1:1 [Ch]Cl:CA (1:1) 

Glycolic Acid 

 

1:2 [Ch]Cl:GA (1:2) 

1:1 [Ch]Cl:GA (1:1) 

Lactic Acid 

 

1:2 [Ch]Cl:LA (1:2) 

1:1 [Ch]Cl:LA (1:1) 

2:1 [Ch]Cl:LA (2:1) 

Propionic Acid 

 

1:2 [Ch]Cl:PA (1:2) 

1:1 [Ch]Cl:PA (1:1) 

Ethylene Glycol 
 

1:2 [Ch]Cl:EG (1:2) 

1:1 [Ch]Cl:EG (1:1) 

Glycerol 

 

1:2 [Ch]Cl:G (1:2) 

1:1 [Ch]Cl:G (1:1) 

 

 

Surface response methodology 

After an initial screening on the best ES and operating conditions to extract levodopa, an 

experimental design was then used to optimize the levodopa extraction. Initially, single factor 

studies were performed to identify which variables should be optimized and the range of 

application (in SI Figure S1). The monitored factors in the levodopa extraction were temperature, 

S:L ratio and ES concentration.  The 19 experimental points studied are reported in the Supporting 

Information (Tables S2-S3). The obtained results were statistically analysed with a confidence 
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level of 95%. The adequacy of the model was determined by evaluating the lack of fit, the 

regression coefficient (R2) and the F-value obtained from the analysis of variance (ANOVA). 

Three-dimensional surface response plots were generated by varying two parameters within the 

experimental range and holding the other factors constant at the central point. In each factorial 

planning the central point was experimentally measured at least in triplicate. The quantification of 

levodopa was carried out as described before. 

Levodopa extraction kinetics 

After obtaining the optimized conditions for the factorial design, a kinetic study of extraction was 

investigated to obtain the ideal condition of time in extracting higher yields of L-dopa. The 

experiments were carried out at intervals of 1, 5, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165 

and 180 minutes. 

 

Recovery of levodopa from the ES aqueous solutions 

Once the ideal conditions for the extraction of levodopa were identified, the separation of the 

compound of interest was investigated. The levodopa recovery was carried using a Dowex 500W 

X8 cation exchange column. The solutions containing Levodopa were adjusted to pH 1 when 

necessary with HCl. Then the column was pre-treated with 2 mL of HPLC grade methanol, 

followed by 2 mL of a concentrated HCl solution (pH=1). 2 mL of the extracted levodopa solutions 

were then passed through the column, followed by the elution of 2 mL of deionized water through 

the column to recover levodopa. Finally, the column was regenerated with 5 mL of methanol. All 

the fractions were recovered and analysed through DAD-HPLC. The recovery efficiency (RE%) 
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of levodopa was determined according to the weight of recovered levodopa after elution in respect 

to that present in the ES aqueous solution. 

Scanning electron microscopy (SEM) and Nuclear magnetic resonance (NMR) 

The surface seeds of Mucuna pruriens were analysed by SEM by cutting an appropriately sized 

sample, while for cross-sectional images the Mucuna pruriens were broken after immersion in 

liquid nitrogen. The samples were then covered with carbon and analysed using a Hitachi SU-70 

(Japan) microscope at 4 and 15 kV. Original and recycled solvents, and pure and recovered 

levodopa, were analysed by 1H and 13C NMR, using a Bruker Avance 300 (France) at 300.13 MHz 

and 75.47 MHz, respectively, and deuterium oxide (D2O) as a solvent and trimethylsilylpropanoic 

acid (TSP) as the internal reference. 

 

Results and Discussion 

ES screening  

Different combinations of eutectic solvents were studied in the attempt to selectively extract 

levodopa from Mucuna pruriens seeds. This set of assays was carried out to investigate the effect 

of the molecular structure of carboxylic acids and polyols on the levodopa extraction yield. 

Different types of hydrogen bond donors (HBD) were chosen, namely linear monocarboxylic acids 

(AA and PA), hydroxy monocarboxylic acids (GA and LA) and a hydroxy tricarboxylic acid (CA), 

as well as polyols (G and EG). These HBD species were always combined [Ch]Cl as the HBA. In 

the first screening test, only aqueous ES solutions were investigated. In preliminary studies, we 

identified that the pretreatment of the seeds of Mucuna pruriens, for instance by previous washing 
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with hexane to remove lipids, resulted in lower levodopa yields. Therefore, in all experiments in 

this work, biomass pre-treatment was not applied, which can be seen as an additional advantage 

when considering the process sustainability character.  

 The same operating conditions were maintained in all experiments, namely a biomass-solvent 

weight ratio of 1:10, a 50 wt.% ES concentration, an extraction time of 90 min and a temperature 

of 50 °C. The performance of the different aqueous solutions of eutectic solvents to extract 

levodopa is shown in Figure 3. The purity of levodopa in each extraction solvent, at least 

considered to other species that could absorb in a similar wavelength and be eluted at retention 

times up to 2.5 min, is also given in Figure 3. The purity of levodopa was determined by dividing 

the HPLC peak area of the target compound by the total area of all peaks present under the studied 

conditions. 

Regarding the solvents structural differences given in Figure 3, some trends can be drawn. The 

addition of a hydroxyl group (-OH) to the acid used in the ES leads to higher extraction yields, as 

shown for the pairs glycolic/acetic acids or lactic/propionic acids. Therefore, the [Ch]Cl combined 

with LA in a (1:2) ratio provides a yield (8.2 ± 0.8% wt.%) of levodopa, with a purity of 98% at 

the conditions described before. Significant yields were also obtained with [Ch]Cl:CA and 

[Ch]Cl:GA, with yields of 7.2 ± 0.3 wt.% and 7.1 ± 0.6 wt.% and purities of 98% and 95%, 

respectively. Regarding the stoichiometric ratio, significant changes in the extraction yield were 

obtained when the ratio 1:2 is used, except for [Ch]Cl:GA and [Ch]Cl:G. Therefore, the extraction 

mechanism may be mainly related to the increased solubility of L-dopa in the mixture and the 

effect of the solvent on the biomass structure, as discussed below. 
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Figure 3. Extraction Yield () and Purity () of levodopa using aqueous solution of ES at 50 

wt.% and Extraction Yield () and Purity () using hexane, methanol and water (T = 50°C, S:L 

= 1:10, time = 90 min). 

Due to the good performance of the ES [Ch]Cl:LA in the extraction of levodopa, this ES was then 

chosen for further studies with the aim of tailoring the molar ratio and also understanding the effect 

of the ES individual components. The results obtained by Ruegas-Rámon et.al 26 confirm the 

efficiency of [Ch]Cl:LA in extracting biomolecules from a plant matrix. The evaluation of the 

performance of the individual compounds in the extraction yields was deemed important to better 

understand the possible synergistic effects between the two compounds in the ES, and to analyse 

the performance of the mixtures with respect to the individual compounds, whose results are 

presented in Figure 4.  

The eutectic solvent [Ch]Cl:LA leads to a higher extraction yield than the pure LA and LA aqueous 

solutions (at 50 wt.%). A better performance of [Ch]Cl:LA (1:2) when compared to [Ch]Cl:LA 

(1:1), [Ch]Cl:LA (2:1) and [Ch]Cl at 50 wt.% in aqueous solution is also noticed. The process 

mechanism allows the selective extraction of L-dopa from other aromatic compounds due to the 
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acidity of the eutectic solvent, since lactic acid is in greater quantity in the mixture. As levodopa 

is an amino acid, it will be protonated in the ES solvent, exhibiting an alkaline behavior, thus 

resulting in an acid-base extraction. The results were compared with the solvents: methanol, as 

they present the highest yield of levodopa extraction from Mucuna pruriens seeds, hexane, as it 

could help remove lipids present in the seeds and water, since the solvents used are water-based ( 

acting as a control). Furthermore, it can be observed that water alone does not show a high 

extraction performance (3.64 wt.%); however, when added to ES it increases the extraction 

capacity of the solvents, probably by increasing their polarity and reducing their viscosity. 

 

 

Figure 4. Extraction Yield () and Purity () of levodopa using lactic acid, aqueous solutions 

of lactic acid and aqueous solutions of ES based on LA (T = 50°C, S:L = 1:10, time = 90 min).  

Optimization of the operating conditions: response surface methodology 

To maximize the extraction yield of levodopa from Mucuna pruriens seeds, it is important to 

evaluate the effect of variables such as temperature, solid:liquid ratio and solvent concentration to 
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obtain the most effective and economic extraction system. The response surface methodology 

(RSM) allows the optimization of all variables simultaneously, considering the interactions 

between the effect while predicting the most efficient conditions. In this work, an experimental 

design 23 (3 factors and 2 levels) was performed with 5 central points and axial axes. In the 

proposed design the following variables were considered: temperature (X1), solid:liquid ratio (X2) 

and solvent concentration (X3). The experiments were performed in random order, aiming to avoid 

systematic errors in the design. The coded and decoded levels and factors, as well as the data 

obtained for the response variable extraction yield are presented in Table S2 in the Supporting 

Information. 

The influence of the studied variables on the levodopa extraction yield is illustrated in Figure 5. 

From the factorial planning, it was possible to evaluate the correlation coefficients, the variance 

analysis and the optimal conditions to maximize the levodopa extraction yield. From the analysis 

of Figure 4, it can be seen that extraction yields increase with decreasing the [Ch]Cl:LA 

concentration, down to 30-50 wt.%. Increasing water content in ES can decrease the viscosity of 

the extraction system, which is beneficial for the extraction.27,28 However, for higher water 

contents there is the increase of the solvent polarity, which may affect the interaction between the 

ES and the levodopa, and decrease the acidity required for biomass attack. Other authors also 

reported that adding 25-30 wt.% of water to a ES may improve the solvent extraction 

efficiency.29,30  

Extraction temperatures in the range of 25-75 °C were investigated, being the results presented in 

Figure 5 (i) and (ii). The temperature rise leads to an increased extraction yield due to an increase 

on the solubility of the levodopa on the solvent and the decrease of the solvent viscosity.31 The 

swelling of the biomass particles also increases with the temperature, loosening the bonds between 
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the molecules, promoting the dissolution of the biomass in the solvent. However, high 

temperatures increase the energy consumption of the process.32 By investigating the effect of the 

S:L ratio on the extraction yield, given in Figure 5 (i) and (iii), it is shown that yields increase with 

increasing the solid:liquid ratio and then decreased with a further increase of this parameter.  

The ANOVA table, as well as all statistical analysis, are shown in the Supporting Information 

(Tables S4-S5 and Figures S2-S4). These results reveal that the significant parameters (P<0.05) 

are temperature (X1), solid-liquid ratio (X2), concentration (X3), quadratic concentration (X3)
2 and 

the combined effects of temperature and solid-liquid ratio (X12), temperature and concentration  

(X13), solid-liquid ratio and concentration (X23). Therefore, the resulting model for the evaluated 

extraction technique is presented by equation 2:  

 

Y = 5.53 + 0.53X1
− 0.32X2

− 1.46X3
− 1.13X3

2 − 0.50X12
− 0.64X13

− 0.91X23
          (2) 

 

 

 

 

 

 

 

 

 

 

 

(i) (ii) (iii) 
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Figure 5. Response surface graphs on the levodopa extraction yield with the combined effects of 

(i) Temperature and S:L ratio, (ii) ES concentration and S:L ratio, (iii) Temperature and ES 

concentration using aqueous [Ch]Cl:LA (1:2) solutions for 90 minutes of extraction time. 

 

The average relative deviation between the observed and predicted values is -0.17%, 

demonstrating a good description of the experimental results by the statistical model. The 

optimized conditions are 56 °C for low solid-liquid ratios and concentration of ES of 35.5 wt.%. 

At the optimized conditions of the factorial design, levodopa extraction yields up to 9.9 ± 1.0 wt.% 

were obtained. The extraction achieved with this ES in aqueous solution is equivalent to that 

obtained with pure methanol, suggesting that all L-dopa is being extracted, and that the aqueous 

solution of the ES can replace the volatile organic solvent methanol.  

The extraction kinetic curve in Supporting Information (Figure S6) shows that up to 90 minutes 

there was an increase in the extraction yield of L-dopa, but after 100 minutes there is the formation 

of a plateau. 

 

Solvent reuse and levodopa recovery 

Once the extraction conditions were optimized, the separation of levodopa from the aqueous 

medium and the reuse of the solvent were investigated. Each extraction step was carried out 

according to the optimized conditions (temperature = 56 °C, S:L ratio = 1:7 and ES at 35.5 wt.%). 

After each extraction, levodopa was separated from the aqueous medium and the solvent was 

directly subjected to a new extraction cycle with new dry biomass particles. The results obtained 

(Figure 6) show that the aqueous ES solution presents high extraction capacity without reaching 

saturation. Figure 6 also shows that the purity of levodopa is not compromised using the recycled 
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solvent. About 9-10 wt.% of levodopa is extracted with the 35 wt.% [Ch]Cl:LA (1: 2) aqueous 

solution. 

Although the extraction yield and purity of levodopa are not compromised using the recycled 

solvent, some losses of levodopa occur. Even though, in the first cycle, about 87% of levodopa 

was recovered, decreasing to 83% in the third cycle. The recovered ES integrity was confirmed by 

1H and 13C liquid NMR, performed on the recovered ES. Figure 7 illustrates an optimized strategy 

for extracting levodopa from Mucuna pruriens seeds, highlighting the levodopa recovery from the 

solvent and reuse of the aqueous ES solutions. 

 

Figure 6. Results of Extraction Yield (), Recovery () and Purity () of Levodopa using the 

ES [Ch]Cl:LA (1:2) aqueous solutions at the optimized conditions and a cation exchange column 

for levodopa recovery. 
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Figure 7. Flowchart for the extraction and separation of levodopa from Mucuna pruriens seeds. 

 

The main challenge that the biorefinery faces today is to develop sustainable processes and apply 

the use of "green" solvents to guarantee maximum efficiency and yield of the extraction, together 

with the minimum generation of waste. The recovery of levodopa, the recycling of the solvent and 

the low environmental impact of the process allow validating the technique when compared to 

conventional separation strategies in which methanol is used as a solvent.  

After optimizing the whole process, SEM analyses were performed on the dried Mucuna pruriens 

seeds after the extraction step. SEM images after treatment with water and an aqueous [Ch]Cl:LA 

(1:2) solution under the optimal conditions described above are shown in Figure 8. 

The structure of the biomass sample after extraction with water and ES aqueous solutions shows 

significant disruptions. Although broken cells are seen in both samples, there is an increase in the 

ratio of broken cells to intact cells in the presence of ES. This change in structure may be 

responsible for the increased extraction of L-dopa with ES aqueous solutions. Thus, the amino acid 

extraction yield is improved in the presence of acids since, in addition to increasing the solubility 
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of the amino acid in aqueous medium, they also allow better access to the biocompounds present 

in the biomass matrix. 

 

 

 

 

 

 

 

Figure 8. SEM images of the Mucuna pruriens samples after extraction with (a) water and (b) an 

aqueous solution of [Ch]Cl:LA (1:2).    

 

Finally, 1H NMR was used to confirm the integrity and purity of the recovered levodopa after the 

extractions. As shown in Figure 9, all the proton peaks for levodopa can be identified as follows: 

1H NMR (D2O, 300 MHz, [ppm]): δ 6.89 (d, 1H, (COCH=CH)), 6.83 (d, 1H, (COCH=CH)), 6.74 

(dd, 1H, ((COCH=CH)), 3.93 (dd, 1H, (CH=CHCH2CHNH3)), 3.14 (dd, 2H, 

(CH=CHCH2CHNH2), 3.02 (dd, 2H, (CH=CHCH2CHNH3). These results reveal that not only 

levodopa was extracted in high yields with ES aqueous solutions, but also that it has a very high 

purity, which is essential for further applications. 

(a) (b) 
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Figure 9. 1H NMR spectra of the recovered levodopa from [Ch]Cl:LA (1:2) aqueous solutions. 

 

Conclusions 

This work reports the use of ES and their aqueous solutions as alternative solvents in the solid-

liquid extraction of levodopa from Mucuna pruriens seeds. The use of ES made possible to 

efficiently and selectively extract this compound with a high purity. At the optimized extraction 

conditions (56 °C, 1:7 S:L ratio and [Ch]Cl:LA (1:2) concentration of 35.5 wt.%) for 90 minutes, 

a maximum extraction yield of 9.92 wt.% of levodopa was obtained. In addition, it was possible 

to recover the compound of interest by 87% from the ES aqueous solution, as well as to recover 

the solvent and apply it in further extractions without compromising its extraction efficiency. In 

summary, these results show the ability of ES aqueous solutions to act in solid-liquid extraction 

processes, selectively increasing the interaction between solvent and solute, leading to high 

extraction yields of high-value compounds. 

3326

2
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Supporting Information 

The Supporting Information is available free of charge. SI includes compound descriptions, 

molecular formula, CAS number, purity and supplier of the ES components investigated; Levels 

of process factors in the experimental design; Experimental single factor analysis ; Response 

surface methodology; Estimated coefficients obtained from the polynomial model and statistical 

analyses; Chromatogram; Kinetic curve of the extraction of levodopa. 

Acknowledgment 

This work was developed within the scope of the project CICECO-Aveiro Institute of Materials, 

FCT Ref. UID/CTM/50011/2019, financed by national funds through the FCT/MCTES. E. S. 

Morais acknowledges the PhD grant SFRH/BD/129341/2017. The NMR spectrometers are part of 

the National NMR Network (PTNMR) and are partially supported by infrastructure Project N° 

022161 (co-financed by FEDER through COMPETE 2020, POCI and PORL and FCT through 

PIDDAC). 

 

References 

 

(1)  Marras, C.; Beck, J. C.; Bower, J. H.; Roberts, E.; Ritz, B.; Ross, G. W.; Abbott, R. D.; 

Savica, R.; Van Den Eeden, S. K.; Willis, A. W.; et al. Prevalence of Parkinson’s Disease 

across North America. Nat. Partn. Journals Park. Dis. 2018, 4 (1), 1–7, DOI 

10.1038/s41531-018-0058-0. 

(2)  Mu, C.; Zhang, Q.; Wu, D.; Zhang, Y.; Zhang, Q. Simultaneous Quantification of 

Catecholamines in Rat Brain by High-Performance Liquid Chromatography with on-Line 

Gold Nanoparticle-Catalyzed Luminol Chemiluminescence Detection. Biomed. 

Chromatogr. 2015, 29 (1), 148–155, DOI 10.1002/bmc.3252. 

(3)  Hayes, M. T. Parkinson ’ s Disease and Parkinsonism. Am. J. Med. 2019, 132 (7), 1–6, DOI 

10.1016/j.amjmed.2019.03.001. 

 



 22 

(4)  Hu, G.; Chen, L.; Guo, Y.; Wang, X.; Shao, S. Selective Determination of L-Dopa in the 

Presence of Uric Acid and Ascorbic Acid at a Gold Nanoparticle Self-Assembled Carbon 

Nanotube-Modified Pyrolytic Graphite Electrode. Electrochim. Acta 2010, 55 (16), 4711–

4716, DOI 10.1016/j.electacta.2010.03.069. 

(5)  Aldred, J.; Nutt, J. Levodopa. J. Med. Chem. 2010, 7 (6), 132–137. 

(6)  Martins, H. F.; Pinto, D. P.; Nascimento, V. de A.; Marques, M. A. S.; Amendoeira, F. C. 

Determination of Levodopa in Human Plasma By High Performance Liquid 

Chromatography–Tandem Mass Spectrometry (Hplc–Ms/Ms): Application To a 

Bioequivalence Study. Quim. Nova 2013, 36 (1), 171–176, DOI 10.1590/S0100-

40422013000100028. 

(7)  Damodaran, M.; Ramaswamy, R. Isolation of l -3:4-Dihydroxyphenylalanine from the 

Seeds of Mucuna Pruriens. Biochem. J. 1937, 31 (12), 2149–2152, DOI 10.1042/bj0312149. 

(8)  Manyam, B. V.; Dhanasekaran, M.; Cassady, J. M. Anti-Parkinson’s Disease 

Pharmaceutical and Method of Use. Pat. Appl. Publ. 2005, 1, 1–14. 

(9)  Katzenshlager, R.; Evans, A.; Manson, A.; Palsalos, P. N.; Ratnaraj, N.; Watt, H.; 

Timmermann, L.; Van Der Giessen, R.; Lees, A. J. Mucuna Pruriens in Parkinson’s Disease: 

A Double Blind Clinical and Pharmacological Study. J. Neurol. Neurosurg. Psychiatry 

2004, 75 (12), 1672–1677, DOI 10.1136/jnnp.2003.028761. 

(10)  Misra, L.; Wagner, H. Extraction of Bioactive Principles from Mucuna Pruriens Seeds. 

Indian J. Biochem. Biophys. 2007, 44 (1), 56–60. 

(11)  Anosike, C. A.; Igboegwu, O. N.; Nwodo, O. F. C. Antioxidant Properties and Membrane 

Stabilization Effects of Methanol Extract of Mucuna Pruriens Leaves on Normal and Sickle 

Erythrocytes. J. Tradit. Complement. Med. 2018, 1–7, DOI 10.1016/j.jtcme.2017.08.002. 

(12)  Cassani, E.; Cilia, R.; Laguna, J.; Barichella, M.; Contin, M.; Cereda, E.; Isaias, I. U.; 

Sparvoli, F.; Akpalu, A.; Budu, K. O.; et al. Mucuna Pruriens for Parkinson’s Disease: Low-

Cost Preparation Method, Laboratory Measures and Pharmacokinetics Profile. J. Neurol. 

Sci. 2016, 365, 175–180, DOI 10.1016/j.jns.2016.04.001. 

(13)  Pulikkalpura, H.; Kurup, R.; Mathew, P. J.; Baby, S. Levodopa in Mucuna Pruriens and Its 

Degradation. Sci. Rep. 2015, 5 (11078), 2–10, DOI 10.1038/srep11078. 

(14)  Tang, B.; Zhang, H.; Row, K. H. Application of Deep Eutectic Solvents in the Extraction 

and Separation of Target Compounds from Various Samples. J. Sep. Sci. 2015, 38 (6), 

1053–1064, DOI 10.1002/jssc.201401347. 

(15)  Meng, Z.; Zhao, J.; Duan, H.; Guan, Y.; Zhao, L. Green and Efficient Extraction of Four 

Bioactive Flavonoids from Pollen Typhae by Ultrasound-Assisted Deep Eutectic Solvents 

Extraction. J. Pharm. Biomed. Anal. 2018, 161, 246–253, DOI 10.1016/j.jpba.2018.08.048. 

(16)  Chen, Y.; Mu, T. Application of Deep Eutectic Solvents in Biomass Pretreatment and 

Conversion. Green Energy Environ. 2019, 4 (2), 95–115, DOI 10.1016/j.gee.2019.01.012. 



 23 

(17)  Martins, M. A. R.; Pinho, S. P.; Coutinho, J. A. P. Insights into the Nature of Eutectic and 

Deep Eutectic Mixtures. J. Solution Chem. 2019, 48 (7), 962–982, DOI 10.1007/s10953-

018-0793-1. 

(18)  Smith, E. L.; Abbott, A. P.; Ryder, K. S. Deep Eutectic Solvents (DESs) and Their 

Applications. Chem. Rev. 2014, 114 (21), 11060–11082, DOI 10.1021/cr300162p. 

(19)  Martins, M. A. R.; Crespo, E. A.; Pontes, P. V. A.; Silva, L. P.; Bülow, M.; Maximo, G. J.; 

Batista, E. A. C.; Held, C.; Pinho, S. P.; Coutinho, J. A. P. Tunable Hydrophobic Eutectic 

Solvents Based on Terpenes and Monocarboxylic Acids. ACS Sustain. Chem. Eng. 2018, 6 

(7), 8836–8846, DOI 10.1021/acssuschemeng.8b01203. 

(20)  Abbott, A. P.; Boothby, D.; Capper, G.; Davies, D. L.; Rasheed, R. K. Deep Eutectic 

Solvents Formed between Choline Chloride and Carboxylic Acids: Versatile Alternatives 

to Ionic Liquids. J. Am. Chem. Soc. 2004, 126 (29), 9142–9147, DOI 10.1021/ja048266j. 

(21)  Radošević, K.; Cvjetko Bubalo, M.; Gaurina Srček, V.; Grgas, D.; Landeka Dragičević, T.; 

Redovniković, R. I. Evaluation of Toxicity and Biodegradability of Choline Chloride Based 

Deep Eutectic Solvents. Ecotoxicol. Environ. Saf. 2015, 112, 46–53, DOI 

10.1016/j.ecoenv.2014.09.034. 

(22)  Cao, J.; Yang, M.; Cao, F.; Wang, J.; Su, E. Well-Designed Hydrophobic Deep Eutectic 

Solvents As Green and Efficient Media for the Extraction of Artemisinin from Artemisia 

Annua Leaves. ACS Sustain. Chem. Eng. 2017, 5 (4), 3270–3278, DOI 

10.1021/acssuschemeng.6b03092. 

(23)  Liu, Y.; Friesen, J. B.; McAlpine, J. B.; Lankin, D. C.; Chen, S. N.; Pauli, G. F. Natural 

Deep Eutectic Solvents: Properties, Applications, and Perspectives. J. Nat. Prod. 2018, 81 

(3), 679–690, DOI 10.1021/acs.jnatprod.7b00945. 

(24)  Lou, R.; Ma, R.; Lin, K.; Ahamed, A.; Zhang, X. Facile Extraction of Wheat Straw by Deep 

Eutectic Solvent (DES) to Produce Lignin Nanoparticles. ACS Sustain. Chem. Eng. 2019, 7 

(12), 10248–10256, DOI 10.1021/acssuschemeng.8b05816. 

(25)  Abbott, A. P.; Capper, G.; Davies, D. L.; Rasheed, R. K.; Tambyrajah, V. Novel Solvent 

Properties of Choline Chloride/Urea Mixtures. Chem. Commun. 2003, 9 (1), 70–71, DOI 

10.1039/B210714G. 

(26)  Ruesgas-Ramón, M.; Suárez-Quiroz, M. L.; González-Ríos, O.; Baréa, B.; Cazals, G.; 

Figueroa-Espinoza, M. C.; Durand, E. Biomolecules Extraction from Coffee and Cocoa By- 

and Co-Products Using Deep Eutectic Solvents. J. Sci. Food Agric. 2020, 100 (1), 81–91, 

DOI 10.1002/jsfa.9996. 

(27)  Yang, M.; Cao, J.; Cao, F.; Lu, C.; Su, E. Efficient Extraction of Bioactive Flavonoids from 

Ginkgo Biloba Leaves Using Deep Eutectic Solvent / Water Mixture as Green Media. 2018, 

32 (3), 315–324, DOI 10.15255/CABEQ.2017.1146. 

(28)  Cao, J.; Chen, L.; Li, M.; Cao, F.; Zhao, L.; Su, E. Efficient Extraction of Proanthocyanidin 

from Ginkgo Biloba Leaves Employing Rationally Designed Deep Eutectic Solvent-Water 



 24 

Mixture and Evaluation of the Antioxidant Activity. J. Pharm. Biomed. Anal. 2018, 158, 

317–326, DOI 10.1016/j.jpba.2018.06.007. 

(29)  Dai, Y.; Witkamp, G.-J.; Verpoorte, R.; Choi, Y. H. Tailoring Properties of Natural Deep 

Eutectic Solvents with Water to Facilitate Their Applications. Food Chem. 2015, 187, 14–

19, DOI 10.1016/j.foodchem.2015.03.123. 

(30)  Shang, X.; Dou, Y.; Zhang, Y.; Tan, J.-N.; Liu, X.; Zhang, Z. Tailor-Made Natural Deep 

Eutectic Solvents for Green Extraction of Isoflavones from Chickpea (Cicer Arietinum L.) 

Sprouts. Ind. Crops Prod. 2019, 140, 111724, DOI 10.1016/j.indcrop.2019.111724. 

(31)  Zhang, L.; Wang, M. Optimization of Deep Eutectic Solvent-Based Ultrasound-Assisted 

Extraction of Polysaccharides from Dioscorea Opposita Thunb. Int. J. Biol. Macromol. 

2017, 95, 675–681, DOI 10.1016/j.ijbiomac.2016.11.096. 

(32)  Ivanović, M.; Alañón, M. E.; Arráez-Román, D.; Segura-Carretero, A. Enhanced and Green 

Extraction of Bioactive Compounds from Lippia Citriodora by Tailor-Made Natural Deep 

Eutectic Solvents. Food Res. Int. 2018, 111, 67–76, DOI 10.1016/j.foodres.2018.05.014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 25 

Table of Contents 

 

For Table of Contents Use Only” 

 

Synopsis sentence 

Sustainable extraction using eutectic solvents to obtain levodopa from Mucuna pruriens seeds: 

levodopa recovery and solvent recycling. 

 


