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Abstract: Human societies demand sustainable alternatives for goods and services. Plants are 
sustainable sources of important metabolites with beneficial impacts on human health. There are 
many reported methodologies and commercial suppliers for extract preparations from the plant 
Mucuna sp. They usually claim to be enriched in L-dopa, their distinctive metabolite. However, 
there are poor characterizations of the metabolite's components in that extracts. Here, we present 
the metabolite characterization of a Mucuna seed extract, emphasizing the L-dopa identification and 
quantification. To obtain the extracts, we follow a green and sustainable extraction protocol. The 
lyophilized extract was subject to liquid chromatography and mass spectrometry to identify its 
primary metabolites. Additionally, we follow thin-layer chromatography to identify some 
carbohydrates in the sample. The resultant extract has a 56% L-dopa. Other main components in the 
extract were arginine, stizolamine, and the fructooligosaccharides sucrose and nystose. The 
characterized Mucuna extract can be easily standardized as powder presentation and used in 
several biomedical applications.  

Keywords: Mucuna seed; L-Dopa content; Lyophilized extract; Sugars identification; TLC; Mass 
spectrometry 
 

1. Introduction 
The development of human societies has been linked to using plants for food, 

materials, and medicines [1]. One example of the use of these plants is the legume velvet 
bean, also known as Mucuna spp. [2]. The origins of this plant can be traced to areas of 
China, Malaysia, and India [3]. Accessions of these plants are now present in tropical 
regions [4], including the southeast of México [5]. In Central America, farmers use the 
plant in culture rotation with milpa to recover and improve soil nutrition [6], as green 
manure and cover crop [7], among related uses. Some uses of Mucuna seeds are feed 
ingredients in poultry nutrition [8]. The seed shell has been used for wastewater paint 
treatment [9]. And a methanolic extract of leaves shows broad antimicrobial activity [10]. 
The most ancient registers on the practical use of Mucuna for improving human health is 
in Ayurvedic medicine [11]. It has been documented that the use of Mucuna for several 
pharmacological benefits. Their usefulness includes anti-diabetic [12], aphrodisiac [13], 
antineoplastic [14], antiepileptic [15], anti-venom [16], antihypertensive [17], anti-
neurodegenerative [18], and for improving male fertility [19], among others. These 
applications are due to their unique metabolite composition [6]. A typical application of 
Mucuna seed is to alleviate Parkinson's disease [20]. This beneficial effect relies on the L-
dopa (levodopa) activity (3,4-Dihydroxyphenylalanine), mainly present in this plant's 
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seed [21]. Levodopa is a precursor of the neurotransmitter dopamine, but this last is 
unable to cross the blood-brain barrier. L-dopa is administered to patients with damaged 
dopaminergic neurons, beings the treatment by choice for Parkinson's disease [22]. 
Unfortunately, conform progresses the condition, and after years of therapy, L-dopa 
becomes less effective and provokes some complications like dyskinesia [23]. Carbipoda, 
an inhibitor of dopamine carboxylase, is dispensed together with L-dopa to avoid the 
rapid enzymatic degradation of dopamine [24].  

Whole bean, mainly toasted, has been consumed to alleviate or prevent Parkinson's 
disease [25]. However, treating Parkinson's with seeds has difficulty requiring high seed 
doses since the content of L-dopa in the grain is less than 10% [26]. In addition, some 
people present adverse effects to consuming seeds, such as vomiting. One alternative is 
to concentrate the L-dopa in Mucuna seed extracts [27], which can be more manageable 
and dried as a powder where L-dopa is demonstrated to be stable [28]. The whole seeds 
have shown advantages in patients with Parkinson's [29] and animal models versus 
synthetic L-dopa [30]. Thus, using seed extracts could improve the management of dose 
quantity. L-dopa in seed extract has been shown to be adequate to alleviate Parkinson's 
disease at 6 mg/kg [31]. Another study calculates an equivalent daily levodopa dose of 
100 mg [32]. The extracting procedures are directed to obtain L-dopa based on their 
reacting chemical nature to solvents. So, the extraction procedure diminished the presence 
of most metabolites in the seed yet maintained its advantages over synthetic L-dopa [33]. 
Many protocols have been developed to extract L-dopa from Mucuna seeds; these range 
from using water [34] and alcohol, but most of them employ hydro-acid solutions [27]. 
Some are assisted by microwave or supercritical CO2 [35]. 

However, there are few characterizations of the molecules in these extracts beyond 
L-dopa, and their direct use in animal experiments is customarily done [36]. Notably, 
there are many commercial suppliers of both seeds in powder and seed extracts with a 
wide range of levodopa content [37][38]. But these are poorly characterized, or no 
metabolite composition is reported in these products. This information scarcity makes 
their appropriate use and the attribution of potential benefits to specific molecules 
difficult.  

In this study, we use a Mexican accession of Mucuna pruriens sp. to extract and 
lyophilize an L-dopa presentation that can be used in biomedical applications. We focus 
on identifying and quantifying L-dopa and the sample's other significant components. 
The rest of the manuscript describes our methodological approach, the results obtained, 
and a brief discussion and conclusions. 

2. Materials and Methods 
 

2.1 Seed material, their production, and L-dopa extract preparation 
Seeds of six cultivars of M. pruriens were kindly gifted by Prof. Castillo Caamal [39]. 

Of these, M. pruriens var. ceniza was better adapted and cultivated organically on farmland 
fertilized with cattle manure without chemicals or pesticides in the community of 
Tepecoacuilco, State of Guerrero, Mexico (18°18′0″ N, 99°29′0″ W). The cultivation 
depends on the rain-based season, typically from June to January. The harvest of pods 
happens when these turn from green to dark. Pods were collected from plants and dried 
in the sun to liberate the seeds. The clean kernels were stored in containers at room 
temperature and protected from direct light until their use. 

There are many reported methods for L-dopa extractions from Mucuna [27]. Given 
that we were interested in implementing an organic and sustainable process, we mostly 
followed the extraction method reported by Polanowska et al. [40]. We slightly modified 
the protocol by dissolving the equivalent of 100 g milled dried seed in 1L of 0.3% acetic 
acid and 0.1% citric acid (1:10 w/v); the rest of the protocol was the same as reported. After 
clearing by centrifugation (OHAUS, Frontier 5816R) the supernatant was freeze-dried in 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 November 2022                   doi:10.20944/preprints202211.0145.v1

https://doi.org/10.20944/preprints202211.0145.v1


 3 
 

 

a Virtis Freezemobile 12 lyophilizer (ALT Inc. CT. USA). The lyophilized powder was 
stored in a dark container at 4 °C; we identified this extract product as lot BFLD21-003.  

 
2.2 Sample preparation for metabolite quantification 

5.0 mg of the freeze-dried powder was dissolved in 1 ml of 1% formic acid and 
centrifuged at 10000 rpm for 5 minutes to eliminate any insoluble material. The 
supernatant was passed through an SPE C18 cartridge (ThermoFisher Scientific). This 
column was pre-activated with 1mL of methanol and equilibrated with 1mL of 1% formic 
acid. Then the sample (10 ml) was passed, and the eluates were collected. 450 μL of the 
eluate was taken, and 50 μL of methanol was added. This final solution was filtered using 
a 0.22 μm PTFE membrane (Sigma-Aldrich), and 1.0 μL was injected into the 
chromatographic system for metabolite analysis.  

 
2.3 Sample preparation for L-dopa quantification 

To estimate the quantity of L-dopa in the powder extract, we first took 5.0 mg of the 
freeze-dried powder and dissolved it in 1 ml methanol with 1% formic acid. Then it passed 
through an SPE C18 cartridge (ThermoFisher Scientific). The cartridge was pre-activated 
with 1mL of 50% methanol and equilibrated with 1mL of 1% formic acid. Then the sample 
was passed by the cartridge and washed with 1mL methanol 40%. The eluates were 
collected and diluted to 50 mL with 1% formic acid. 200 μL of the final dilution was filtered 
using a 0.22 μm PTFE membrane (Sigma-Aldrich), and 0.1 μL was injected into the 
chromatographic system for L-dopa analysis.  

 
2.4 Analysis of metabolites by liquid chromatography coupled to mass spectrometry (UPLC-ESI-
TOF-MS) 

The metabolomic analysis of the extract was carried out in a liquid chromatograph 
(Acquity UPLC I-Class, Waters, USA). The chromatography equipment was coupled to a 
high-definition mass spectrometer (Synapt G2-Si, Waters). This last was equipped with 
an electro-nebulization ionization source, a single quadrupole mass filter, an ion mobility 
system, a collision cell, and a time-of-flight mass analyzer (ESI-Q-SIM-CID-TOF). We 
operate the LC-MS system and the analysis and the spectral data acquisition with the 
Masslynx 4.1 program (Waters, USA).  

The chromatographic separation was performed with a column Luna ® Omega C18 
100 Å, 1.6 μm (150 x 2.1 mm, Phenomenex). The composition of the mobile phases was 
0.1% acetic acid and methanol in a 49:1 ratio using a flow of 200 μL/min at 40 °C and run 
in an isocratic mode. 

For metabolomic analysis, metabolites were carried out in both positive and negative 
ionization modes. The mass spectrometer was operated with the following parameters: 
capillary voltage, 3000 V; cone voltage, 40 V; source temperature, 120 °C; cone nitrogen 
flow, 50 L/h; nebulizer nitrogen pressure, 6.5 bar; nitrogen temperature for desolvation, 
350 °C; nitrogen flow for nebulization, 800 L/h. The mass spectra were acquired every 
second in a continuous format. The spectral range m/z was set from 50 to 1200. Two 
spectral functions were captured for each LC-MS analysis using argon as a collision gas: 
low energy at 6V; and an energy gradient from 20 to 60 V. Spectral correction was made 
by continuously infusing the reference compound leucine-enkephalin: 556.2771 for ESI 
positive; and 554.2615 for negative ESI. The mass spectrometer was calibrated using NaI 
(Sigma, USA). The spectral analysis was carried out with the Progenesis Q.I. (Waters) 
program and was verified manually. The compound identified with a retention time of 
3.15 min was confirmed, corresponding with an L-dopa standard (CAS 59-92-7. Sigma Co. 
USA). 

For L-dopa quantification, the mass spectrometer was operated in ESI positive mode, 
and the mass spectra were acquired every 0.4 seconds in a centroid format. L-dopa was 
monitored at m/z 198.076 ±0.01 Da.  
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2.5 Estimating the quantity of L-dopa in the extract 
For estimating the quantity of L-dopa in the powder extract, we first make a 

calibration curve from 50 to 500 pg of commercial L-dopa synthesized from pure L-
tyrosine (Sigma Co.) by calculating the area of each calibration point in the mentioned 
liquid chromatography coupled to mass spectrometry equipment. We extrapolate the 
quantity of L-dopa in the sample with the calibration curve and their equation. 

 
2.5 Thin layer chromatography (TLC) analysis 

For TLC analysis, 10 mg of the lyophilized powder extract was dissolved in 90 µL of 
DMSO (Sigma Co. USA) and 20 µL of 1N HCl. FOS (fructooligosaccharides) and MOS 
(maltooligosaccharides) standards were purchased from Sigma Co. One and two µL of 
either sample extract or commercial standards were applied to silica gel TLC plates with 
aluminum support (10 cm × 10 cm, Aldrich). TLC plates were developed three times with 
a mobile phase made of butanol/propanol/water (3:12:4, v/v/v). The TLC was done three 
times; one was visualized with UV light, another developed with ninhydrin to derivatize 
amino acids like compounds (L-dopa), and another with a solution of 
aniline/diphenylamine/phosphoric acid reagent in the acetone base to reveal 
carbohydrates [41]. 

3. Results 

3.1. Obtention of the lyophilized extract 

 Figure 1 shows the different organs of the Mucuna sp. plant from whose seeds we 
made the green L-dopa extraction following the green protocol reported in [40]. We 
obtained a final quantity of 101 g of lyophilized power starting from 500 g of dried, 
milled seeds (Figure 1C). This quantity represents 20% (w/w). The final lyophilized 
powder is white with a slightly yellow apparency (Figure 1D). This lyophilized powder 
was used in the different analytic approaches as described below. 

 
Figure 1. Mucuna pruriens sp., and seed extract. Different organs and physiological states of the 
plant are shown; flowers (A), green pods (B), mature seeds (C), and lyophilized powder extracted 
from seeds (D). 

 
3.2 Metabolomic analysis of M. pruriens extracts by liquid chromatography coupled to mass 
spectrometry (UPLC-ESI-TOF-MS) 
3.2.1. Monitoring of metabolites in positive ionization mode (ESI+) 
 One first assay we made was to have the whole mass spectrum starting from 1 µL of 
the sample (see Methods section) in the LC-MS equipment. In the positive mode, we can 
observe three prominent peaks corresponding to the retention time of 1.52, 3.15, and 6.36 
minutes (Figure 2). Further fragmentation of the peaks shows that the 1.52 height 
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presents a primary ion [M+H]+ with an m/z 175.1196, which corresponds to the 
protonated form of the amino acid arginine (C6H14N4O2) (Figure 3).  

 
Figure 2. Base peak intensity chromatograms (BPI) of Mucuna pruriens extracts in LC-MS in 
positive ionization mode (ESI+).  
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Figure 3. Mass spectrum and proposed structure of the compound at 1.52 min. The complete 
molecular ion (a) when there is a loss of the hydroxyl group (b) and when there is a loss of three 
terminal nitrogen atoms (c). 

 
In another way, Figure 4 shows the mass spectrum of the peak corresponding to the 

retention time of 3.15 min in Figure 2. The mass spectrum shows an ion with an m/z 
198.0788 (Figure 4a) corresponding to the protonated form of the molecule C9H11NO4, 
identified as L-dopa. We verified this putative identity by comparing its retention time 
and mass spectrum with a commercial standard of L-dopa (Sigma Co. USA). The most 
abundant ion (m/z 152.0694) corresponds to the L-dopa molecule with a loss of its 
carboxyl group. Additional fragmentations peaks are observed where different 
functional groups of the molecule are lost (Figure 4). 
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Figure 4. Mass spectrum of L-dopa (peak 3.15 min in Fig. 2). The parent ion (m/z 198.0788) (a), 
when loss an amino group (m/z 181.0526) (b), or loss a carboxyl group (m/z 152.0694) (c). 

 
Figure 5 shows the mass spectrum of the compound with a retention time of 6.36 min 

in Figure 2. It reveals a primary ion with an m/z of 198.0972. This ion was identified as 
the protonated form of a compound with the molecular formula C7H11N5O2, which 
corresponds to stizolamine. 

 

 
Figure 5. Mass spectrum and proposed structure of stizolamine. The complete molecular ion (a), 
and when loss of one and two amino groups generating the ions with m/z 181.05 (b) and m/z 
156.07 (c), respectively. 
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3.2.2. Monitoring of metabolites in negative ionization mode (ESI-) 

We also analyze the extract in negative ionization mode in liquid chromatography 
coupled to mass spectrometry (UPLC-ESI-TOF-MS). Figure 5 shows the most abundant 
peak compounds in this analysis. The general profile of metabolites results is very 
different concerning the positive mode. In a negative mode, two significant peaks 
appear (figure 6). 

 

 
Figure 6. Base peak chromatogram of Mucuna pruriens extracts in LC-MS in negative ionization 
mode (ESI-). Two peaks appear majorly.  

 
Peaks with retention times 1.95 and 2.07 most possibly correspond to the coelution of 

several oligosaccharides with the molecular formulas C30H52O26 (pentamer), C24H42O21 

(tetramer), C18H32O16 (trimer), C12H22O11 (dimer) as reveals their respective mass spectra 
(Figure 7). 
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Figure 7. Mass spectra of the peaks with retention time 1.95 (A) and 2.07 (B), as in Figure 6, 
monitored in ESI (-). The deprotonated form [M-H]- of dimeric sugar C12H22O11 (m/z 341.11), trimer 
C18H32O16 (m/z 503.15), tetramer C24H42O21 (m/z 665.21) and pentamer C30H52O26 (m/z 827.26) are 
depicted by (a, b, c and d), respectively. The oligomers form ionic adducts in the presence of 
formic acid resulting in ions with an increase of +46 m/z (387.12, 549.16, 683.21, and 873.27), 
respectively. 

 
Finally, the peak in retention time of 3.10 min in figure 6 corresponds to the 
deprotonated form [M-H]- of L-dopa (Fig 8). 
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Figure 8. Mass spectrum of L-dopa in negative ionization mode. a) Parent ion (m/z 196.0643), b) 
loss of amino group (m/z 179.0367) and c) loss of amino and carboxyl group (m/z 135.0489) are 
depicted in the image. 

 
3.3 Quantification of L-dopa in the Mucuna seed extract 
 To quantify the presence of L-dopa in the extract, we make a calibration curve with a 
commercial standard of L-dopa. In Figure 9A, we can observe a point of the calibration 
curve corresponding to 5000 pg L-dopa. Figure 9B shows the calibration curve for L-
dopa. With the calibration curve, we calculate that we have 0.56 mg per mg extract, 
which corresponds to a 56%, which means a little more than half of the lyophilized mass 
in the extract corresponds to L-dopa.  

 

  
Figure 9. Calibration curve of commercial L-dopa. The left shows a point in the calibration 
curve (A), whereas B is the result of the complete calibration curve. 
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3.4. Thin Layer Chromatography (TLC) identifies the presence of fructooligosaccharides in the 
Mucuna seed extract 
 The chromatographic analysis of the TLC shows that the sample presents a tiny spot 
when photographed under normal light (line 2 in Figure 10A). A coincident spot in the 
upper part of the sample is shared with the commercial standard for L-dopa (line 1). 
When the sample is exposed to UV light, it displays a strong blue fluorescence, as is 
mentioned in the case of stizolamine, although no previous image is available (line 2, 
Figure 10B). This fluorescence is not present in the standard as expected. Ninhydrin, on 
the other hand (Figure 10C), allows the localization of amino acids like L-dopa in the 
sample, as in the standard. Finally, when the standard of several maltooligosaccharides 
(MOS) is run together with the sample, it reveals the presence of oligosaccharides but 
not like MOS (Figure 10D). When a standard of fructooligosaccharides (FOS) is 
compared, in an independent run from A-D, the first spot on Figure 10E, line 3 
corresponds to sucrose, and there is a second coincident spot corresponding to 1-nystose 
(N-DP4) though the coloration in the sample is some different, possibly corresponding 
to one sugar modification. The commercial standard of L-dopa does not present 
oligosaccharides as expected. 
 

     
Figure 10. Thin layer chromatography of the Mucuna seed extract. In the same run A-D, line 1 
corresponds to 2 μL of L-dopa standard; line 2 to 1 μL of the extracted sample; and line 3 to 1 
μL of maltooligosaccharides (MOS) standard mixture. A is revealed under normal light, B is 
revealed under UV light, C is revealed with ninhydrin, and D with 
aniline/diphenylamine/phosphoric acid. E is an independent run revealed as in D, line 1 
corresponds to 2 μL of the sample; and line 2 to 1 μL of maltooligosaccharides (MOS), line 3 to 
1 μL of fructooligosaccharides (FOS) standard mixture. MOS; G, glucose; M, maltose; M3, 
maltotriose; M4, maltotetraose; M5, maltopentose; M6, maltohexose; M7, maltoheptaose. FOS; 
F+G, fructose plus glucose; S, sucrose; K, 1-kestose (DP3); N, 1-nystose (DP4); FFN, 1-
fructofuranosyl-nystose (DP5).  

4. Discussion 
Mucuna seed extracts are commercially available for human consumption as food 

supplements and are widely used in many experiments in animal models. These 
experimental approaches look for evidence of the different qualities of the plants. In most 
of these experimentations, however, there is no characterization of the extracts. There is 
just L-dopa quantification, although their content does not always correspond with the 
declared on the label [38]. In this work, we decided to investigate the component 
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resultants on the Mucuna seed extract to be more precise on the potential effects it could 
result in experimentations. We were sure our extraction methodology was directed to 
extract L-dopa, but inevitably there are co-extracted additional compounds. So, our first 
approach was looking for L-dopa with a technique that permits us to differentiate it from 
other molecules. In this way, we start with analyzing metabolites by liquid 
chromatography coupled with mass spectrometry (UPLC), followed by ionization of 
metabolites by electrospray (ESI), that hit the detector in a way that discriminates ions of 
the same m/z value with different initial energies (TOF-MS). These analyses were done in 
both positive and negative modes. The positive mode revealed three well-defined peaks 
that their further fragmentation revealed to be the amino acid arginine, L-dopa and 
Stizolamine. Our quantification of L-dopa confirms we have an appropriate extraction 
method since a little more than half of the mass weight in the sample corresponds to L-
dopa (56% w/w). In addition, we found in old literature that in addition to L-dopa, 
stizolamine was also reported in Stizolobium [42] [43]. Stizolobium is managed as 
synonymous with Mucuna of the Fabaceae plants family [44]. It is important to emphasize 
that L-dopa and Stizolamine are molecules already registered as present in Mucuna plants 
[45]. A straightforward way to differentiate Stizolamine from L-dopa is that the former is 
said to present a strong fluorescence in color blue under UV light, although not pictured 
has been shown. In our case, we confirmed the presence of a compound with blue 
fluorescence in our sample. And this is not present in the standard, as shown in Figure 
9B. Stizolamine pertains to the class compounds of pyrazines and has associated biological 
functions as pollinator pheromones [46] and is of some medical importance [47]. The third 
abundant component in the positive mode was arginine. It is intriguing the high quantity 
of this amino acid. The literature reported a structural analog to arginine, canavanine, in 
the family-related Canavalia plants [48]. The Arg-tRNA can charge canavanine instead 
arginine. This substitution disrupts the metabolism as a defensive way for this plant to 
depredators [49]. Both molecules (arginine and canavanine) present very relative 
molecular weights, differing in just two mass units. Deep analysis shows us that the 
equipment already detects canavanine, but just at the noise level. So, we are sure that we 
are visualizing arginine. Arginine is the most basic charged amino acid encoded by six 
codons and is in high quantities in dietary nuts [50]. Arginine was also the most abundant 
amino acid among the principal storage proteins of the megagametophyte of the Loblolly 
pine tree and was hypothesized as essential for nutrition and seedling growth [51]. In 
addition to glutamine, arginine has been proposed as a crucial immune nutrient for 
improving health [52]. A metastudy with ten randomized control trials concluded that 
arginine supplements (1.5 – 5 g/day) could be recommended for mild to severe erectile 
dysfunction [53]. Then it is possible that arginine can contribute to promoting male 
fertility with this plant. 

Another important fraction component in the Mucuna seed extract, revealed in 
negative mode, is a mixture of oligosaccharides. The UPLC-ESI-TOF-MS analysis in 
negative mode presents the peak at 1.95, whose mass spectrum predicts the dimer 
C12H22O11, which probably corresponds to sucrose or cellobiose; the TLC analysis confirms 
that it is sucrose (a dimer consisting of glucose and fructose). The MS analysis predicts 
higher oligomers, but by TLC, we can ensure only the C24H42O21 corresponds very 
probably to 1-nystose, consisting of glucose and three fructose. The TLC analysis revealed 
the presence of at least two higher fructose oligomers, but we could not identify them with 
our standards (Figure 10D, line 1 bottom). Further characterization is needed to ensure 
the identity of these complex oligosaccharides. Alternatively, further purification is 
required to eliminate these oligosaccharides in the sample.      

There is scarce metabolite analysis reported for Mucuna extracts. GC-MS analysis of 
seeds methanolic extracts revealed the presence of 5 major compounds: Pentadecanoic 
acid, 14-methyl-, methyl ester, Dodecanoic acid, 9,12-Octadecadienoic acid (Z, Z)-, methyl 
ester, 9,12- Octadecadienoic acid and 2-Myristynoyl-glycinamide [54]. There is possible 
that the methanolic extraction rends more volatile compounds in this extract regarding 
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our extracting approach. In another study, using whole seeds and a combination of 
chromatographic and NMR techniques, authors report the presence of d-chiro-inositol 
and its two galactose derivatives in Mucuna pruriens [55]. Inositol and galactose 
derivatives may be present in our seeds but diluted in our seed extract. 

With this study, we want to contribute to the molecular characterization of an extract 
of this important plant. The more complete a description of a botanical product more 
information is available for the consumer and health professionals. Deep knowledge of 
the components in the product is essential because there are many commercial 
presentations of Mucuna with poor or no components characterization. There is a 
remarkable opportunity to have phytochemical products well characterized chemically to 
be more confident of the attributed health properties. 

5. Conclusions 
Here we reported a simple preparation of a lyophilized Mucuna seed extract 

enriched in 56% of L-dopa (w/w). In addition to L-dopa, arginine, stizolamine, and some 
fructooligosaccharides are also present. Neither of these components has detrimental 
effects on health. 

Supplementary Materials: no 

Author Contributions: Conceptualization, K. C-C., MGL, and A.M-A.; methodology, A.L.H-O., K. 
C-C., and MGL validation, A.L.H-O., K. C-C., and MGL formal analysis, K. C-C., MGL and A.M-A.; 
investigation, K. C-C., MGL and A.M-A.; resources, K. C-C., MGL and A.L.H-O.; writing—original 
draft preparation, A.M-A.; writing—review and editing, K. C-C., MGL and A.M-A.; project 
administration, A.L.H-O.; funding acquisition, A.L.H-O. All authors have read and agreed to the 
published version of the manuscript. 

Funding: This research and APC were funded by BIOFAB MEXICO, grant number DP2021-1. The 
funder has no inference on the design and conclusions of the investigation. 

Data Availability Statement: "Not applicable." 

Acknowledgments: Authors thank Prof. José Bernardino Castillo Caamal for providing us with the 
Mucuna seeds, to Miguel Angel Ramos Valdovinos, Danae Carrillo Ocampo, Verónica Fabela 
Garatachía, Berenice Cuevas and Tomás Tiburcio for their technical contributions.  

Conflicts of Interest: The authors declare no conflict of interest. The funder had no role in the design 
of the study, in the collection, analysis, or interpretation of data; in the writing of the manuscript; or 
in the decision to publish the results. 

References 
 
1.  Jamshidi-Kia, F.; Lorigooini, Z.; Amini-Khoei, H. Medicinal Plants: Past History and Future Perspective. Journal of 
Herbmed Pharmacology 2018, 7. 
2.  Buckles, D. Velvetbean: A “New” Plant with a History. Econ Bot 1995, 49, 13–25, doi:10.1007/BF02862271. 
3.  Lampariello, L.R.; Cortelazzo, A.; Guerranti, R.; Sticozzi, C.; Valacchi, G. The Magic Velvet Bean of Mucuna Pruriens. 
Journal of Traditional and Complementary Medicine 2012, 2, 331–339, doi:10.1016/S2225-4110(16)30119-5. 
4.  Hartkamp, A.D.; Hoogenboom, G.; Gilbert, R.A.; Benson, T.; Tarawali, S.A.; Gijsman, A.J.; Bowen, W.; White, J.W. 
Adaptation of the CROPGRO Growth Model to Velvet Bean (Mucuna Pruriens). Field Crops Research 2002, 78, 27–40, 
doi:10.1016/S0378-4290(02)00090-4. 
5.  Eilittä, M.; Sollenberger, L.E.; Littell, R.C.; Harrington, L.W. ON-FARM EXPERIMENTS WITH MAIZE-MUCUNA 
SYSTEMS IN THE LOS TUXTLAS REGION OF VERACRUZ, MEXICO. I. MUCUNA BIOMASS AND MAIZE GRAIN 
YIELD. Experimental Agriculture 2003, 39, 5–17, doi:10.1017/S0014479702001126. 
6.  Triomphe, B.; Sain, G. Mucuna Use by Hillside Farmers of Northern Honduras. In Green Manure/Cover Crop Systems of 
Smallholder Farmers: Experiences from Tropical and Subtropical Regions; Eilittä, M., Mureithi, J., Derpsch, R., Eds.; Springer 
Netherlands: Dordrecht, 2004; pp. 65–97 ISBN 978-1-4020-2051-3. 
7.  The Agronomy and Use of Lablab Purpureus in Smallholder Farming Systems of Southern Africa Available online: 
https://repo.mel.cgiar.org/handle/20.500.11766/4941 (accessed on 16 October 2022). 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 November 2022                   doi:10.20944/preprints202211.0145.v1

https://doi.org/10.20944/preprints202211.0145.v1


 14 
 

 

8.  Carew, L.B.; Gernat, A.G. Use of Velvet Beans, Mucuna Spp., as a Feed Ingredient for Poultry: A Review. World’s Poultry 
Science Journal 2006, 62, 131–144, doi:10.1079/WPS200590. 
9.  Nwabanne, J.T.; Oguegbu, O.O.; Agu, C.M. Kinetics and Performance of Coagulation Process Using Mucuna Seed Shell 
for the Treatment of Paint Wastewater. Journal of the Chinese Advanced Materials Society 2018, 6, 738–754, 
doi:10.1080/22243682.2018.1548304. 
10.  Salau, A.O.; Odeleye, O.M. Antimicrobial Activity of Mucuna Pruriens on Selected Bacteria. African Journal of 
Biotechnology 2007, 6, doi:10.4314/ajb.v6i18.57964. 
11.  Chopra, A.; Doiphode, V.V. Ayurvedic Medicine: Core Concept, Therapeutic Principles, and Current Relevance. Medical 
Clinics 2002, 86, 75–89, doi:10.1016/S0025-7125(03)00073-7. 
12.  Majekodunmi, S.O.; Oyagbemi, A.A.; Umukoro, S.; Odeku, O.A. Evaluation of the Anti–Diabetic Properties of Mucuna 
Pruriens Seed Extract. Asian Pacific Journal of Tropical Medicine 2011, 4, 632–636, doi:10.1016/S1995-7645(11)60161-2. 
13.  Anantha Kumar, K.V.; Srinivasan, K.K.; Shanbhag, T.; Gurumadhava Rao, S. Aphrodisiac Activity of the Seeds of Mucuna 
Pruriens. Indian Drugs 1994, 31, 321–327. 
14.  Rajeshwar, Y.; Mazumder, M.G. and U.K. Antitumor Activity and in Vivo Antioxidant Status of Mucuna Pruriens 
(Fabaceae) Seeds against Ehrlich Ascites Carcinoma in Swiss Albino Mice. Iranian Journal of Pharmacology and Therapeutics 4, 
46–53. 
15.  Champatisingh, D.; Sahu, P.K.; Pal, A.; Nanda, G.S. Anticataleptic and Antiepileptic Activity of Ethanolic Extract of 
Leaves of Mucuna Pruriens: A Study on Role of Dopaminergic System in Epilepsy in Albino Rats. Indian J Pharmacol 2011, 43, 
197–199, doi:10.4103/0253-7613.77368. 
16.  Shekins, O.O.; Anyanwu, G.O.; Nmadu, P.M.; Olowoniyi, O.D. Anti-Venom Activity of Mucuna Pruriens Leaves Extract 
against Cobra Snake (Naja Hannah) Venom. International Journal of Biochemistry Research and Review 2014, 4, 470–480. 
17.  Khan, M.Y.; Kumar, V. Mechanism of Antihypertensive Effect of Mucuna Pruriens L. Seed Extract and Its Isolated 
Compounds. Journal of Complementary and Integrative Medicine 2017, 14, doi:10.1515/jcim-2017-0014. 
18.  Zahra, W.; Birla, H.; Singh, S.S.; Rathore, A.S.; Dilnashin, H.; Singh, R.; Keshri, P.K.; Gautam, P.; Singh, S.P. 
Neuroprotection by Mucuna Pruriens in Neurodegenerative Diseases. Neurochem Res 2022, 47, 1816–1829, doi:10.1007/s11064-
022-03591-3. 
19.  Shukla, K.K.; Mahdi, A.A.; Ahmad, M.K.; Shankhwar, S.N.; Rajender, S.; Jaiswar, S.P. Mucuna Pruriens Improves Male 
Fertility by Its Action on the Hypothalamus–Pituitary–Gonadal Axis. Fertility and Sterility 2009, 92, 1934–1940, 
doi:10.1016/j.fertnstert.2008.09.045. 
20.  Cilia, R.; Laguna, J.; Cassani, E.; Cereda, E.; Pozzi, N.G.; Isaias, I.U.; Contin, M.; Barichella, M.; Pezzoli, G. Mucuna 
Pruriens in Parkinson Disease: A Double-Blind, Randomized, Controlled, Crossover Study. Neurology 2017, 89, 432–438, 
doi:10.1212/WNL.0000000000004175. 
21.  Brain, K.R. Accumulation of L-DOPA in Cultures from Mucuna Pruriens. Plant Science Letters 1976, 7, 157–161, 
doi:10.1016/0304-4211(76)90129-2. 
22.  LeWitt, P.A. Levodopa for the Treatment of Parkinson’s Disease. New England Journal of Medicine 2008, 359, 2468–
2476, doi:10.1056/NEJMct0800326. 
23.  Obeso, J.A.; Olanow, C.W.; Nutt, J.G. Levodopa Motor Complications in Parkinson’s Disease. Trends in Neurosciences 
2000, 23, S2–S7, doi:10.1016/S1471-1931(00)00031-8. 
24.  Nutt, J.G.; Woodward, W.R.; Anderson, J.L. The Effect of Carbidopa on the Pharmacokinetics of Intravenously 
Administered Levodopa: The Mechanism of Action in the Treatment of Parkinsonism. Annals of Neurology 1985, 18, 537–543, 
doi:10.1002/ana.410180505. 
25.  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. 
Journal of the Neurological Sciences 2016, 365, 175–180, doi:10.1016/j.jns.2016.04.001. 
26.  Fernandez-Pastor, I.; Luque-Muñoz, A.; Rivas, F.; Medina-O’Donnell, M.; Martinez, A.; Gonzalez-Maldonado, R.; 
Haidour, A.; Parra, A. Quantitative NMR Analysis of L-Dopa in Seeds from Two Varieties of Mucuna Pruriens. Phytochemical 
Analysis 2019, 30, 89–94, doi:10.1002/pca.2793. 
27.  Tesoro, C.; Lelario, F.; Ciriello, R.; Bianco, G.; Di Capua, A.; Acquavia, M.A. An Overview of Methods for L-Dopa 
Extraction and Analytical Determination in Plant Matrices. Separations 2022, 9, 224, doi:10.3390/separations9080224. 
28.  Pulikkalpura, H.; Kurup, R.; Mathew, P.J.; Baby, S. Levodopa in Mucuna Pruriens and Its Degradation. Sci Rep 2015, 5, 
11078, doi:10.1038/srep11078. 
29.  Katzenschlager, R.; Evans, A.; Manson, A.; Patsalos, P.N.; Ratnaraj, N.; Watt, H.; Timmermann, L.; Giessen, R.V. der; 
Lees, A.J. Mucuna Pruriens in Parkinson’s Disease: A Double Blind Clinical and Pharmacological Study. Journal of Neurology, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 November 2022                   doi:10.20944/preprints202211.0145.v1

https://doi.org/10.20944/preprints202211.0145.v1


 15 
 

 

Neurosurgery & Psychiatry 2004, 75, 1672–1677, doi:10.1136/jnnp.2003.028761. 
30.  Hussian, G.; Manyam, B.V. Mucuna Pruriens Proves More Effective than L-DOPA in Parkinson’s Disease Animal Model. 
Phytotherapy Research 1997, 11, 419–423, doi:10.1002/(SICI)1099-1573(199709)11:6<419::AID-PTR120>3.0.CO;2-Q. 
31.  Kasture, S.; Pontis, S.; Pinna, A.; Schintu, N.; Spina, L.; Longoni, R.; Simola, N.; Ballero, M.; Morelli, M. Assessment of 
Symptomatic and Neuroprotective Efficacy of Mucuna Pruriens Seed Extract in Rodent Model of Parkinson’s Disease. Neurotox 
Res 2009, 15, 111–122, doi:10.1007/s12640-009-9011-7. 
32.  Tomlinson, C.L.; Stowe, R.; Patel, S.; Rick, C.; Gray, R.; Clarke, C.E. Systematic Review of Levodopa Dose Equivalency 
Reporting in Parkinson’s Disease. Movement Disorders 2010, 25, 2649–2653, doi:10.1002/mds.23429. 
33.  Kamkaen, N.; Chittasupho, C.; Vorarat, S.; Tadtong, S.; Phrompittayarat, W.; Okonogi, S.; Kwankhao, P. Mucuna Pruriens 
Seed Aqueous Extract Improved Neuroprotective and Acetylcholinesterase Inhibitory Effects Compared with Synthetic L-Dopa. 
Molecules 2022, 27, 3131, doi:10.3390/molecules27103131. 
34.  Teixeira, A.A.; Rich, E.C.; Szabo, N.J. Water Extraction of L-Dopa from Mucuna Bean. Tropical and Subtropical 
Agroecosystems 2003, 1, 159–171. 
35.  Garcia, V.A. dos S.; Cabral, V.F.; Zanoelo, É.F.; da Silva, C.; Filho, L.C. Extraction of Mucuna Seed Oil Using 
Supercritical Carbon Dioxide to Increase the Concentration of L-Dopa in the Defatted Meal. The Journal of Supercritical Fluids 
2012, 69, 75–81, doi:10.1016/j.supflu.2012.05.007. 
36.  Fernandez-Pastor, I.; Luque-Muñoz, A.; Rivas, F.; Medina-O’Donnell, M.; Martinez, A.; Gonzalez-Maldonado, R.; 
Haidour, A.; Parra, A. Quantitative NMR Analysis of L-Dopa in Seeds from Two Varieties of Mucuna Pruriens. Phytochemical 
Analysis 2019, 30, 89–94, doi:10.1002/pca.2793. 
37.  SoumyanathAmala; DenneTanya; HillerAmie; RamachandranShaila; ShintoLynne Analysis of Levodopa Content in 
Commercial Mucuna Pruriens Products Using High-Performance Liquid Chromatography with Fluorescence Detection. The 
Journal of Alternative and Complementary Medicine 2018, doi:10.1089/acm.2017.0054. 
38.  Cohen, P.A.; Avula, B.; Katragunta, K.; Khan, I. Levodopa Content of Mucuna Pruriens Supplements in the NIH Dietary 
Supplement Label Database. JAMA Neurology 2022, 79, 1085–1086, doi:10.1001/jamaneurol.2022.2184. 
39.  Castillo-Caamal, J.B.; Caamal-Maldonado, J.A.; Jiménez-Osornio, J.J.M.; Bautista-Zúñiga, F.; Amaya-Castro, M.J.; 
Rodríguez-Carrillo, R. Http://Www.Scielo.Sa.Cr/Scielo.Php?Script=sci_abstract&pid=S1659-
13212010000100005&lng=en&nrm=iso&tlng=en. Agronomía Mesoamericana 2010, 21, 39–50. 
40.  Polanowska, K.; Łukasik, R.M.; Kuligowski, M.; Nowak, J. Development of a Sustainable, Simple, and Robust Method 
for Efficient l-DOPA Extraction. Molecules 2019, 24, 2325, doi:10.3390/molecules24122325. 
41.  Kuo, W.-N.; Kocis, J.M.; Guruvadoo, L.K. Modifications of Tyrosine and Catecholamines by Peroxynitrite, Nitrite and 
Nitrate. Front Biosci 2003, 8, a139-142, doi:10.2741/1118. 
42.  Yoshida, T. Biosynthesis of Stizolamine in Stizolobium Hassjoo. Phytochemistry 1977, 16, 1824–1826, doi:10.1016/0031-
9422(71)85101-4. 
43.  Yang, X.; Zhang, X.; Zhou, R. Determination of L-Dopa Content and Other Significant Nitrogenous Compounds in the 
Seeds of Seven Mucuna and Stizolobium Species in China. Pharmaceutical Biology 2001, 39, 312–316, 
doi:10.1076/phbi.39.4.312.5905. 
44.  Stizolobium Pruriens - Ficha Informativa Available online: 
http://www.conabio.gob.mx/malezasdemexico/fabaceae/stizolobium-pruriens/fichas/ficha.htm (accessed on 20 October 2022). 
45.  Yoshida, T.; Hasegawa, M. Distribution of Stizolamine in Some Leguminous Plants. Phytochemistry 1977, 16, 131–132, 
doi:10.1016/0031-9422(77)83030-6. 
46.  Bohman, B.; Phillips, R.D.; Menz, M.H.M.; Berntsson, B.W.; Flematti, G.R.; Barrow, R.A.; Dixon, K.W.; Peakall, R. 
Discovery of Pyrazines as Pollinator Sex Pheromones and Orchid Semiochemicals: Implications for the Evolution of Sexual 
Deception. New Phytologist 2014, 203, 939–952, doi:10.1111/nph.12800. 
47.  B. Miniyar, P.; R. Murumkar, P.; S. Patil, P.; A. Barmade, M.; G. Bothara, K. Unequivocal Role of Pyrazine Ring in 
Medicinally Important Compounds: A Review. Mini Reviews in Medicinal Chemistry 2013, 13, 1607–1625. 
48.  Staszek, P.; Weston, L.A.; Ciacka, K.; Krasuska, U.; Gniazdowska, A. L-Canavanine: How Does a Simple Non-Protein 
Amino Acid Inhibit Cellular Function in a Diverse Living System? Phytochem Rev 2017, 16, 1269–1282, doi:10.1007/s11101-017-
9536-y. 
49.  Rosenthal, G.A. L-Canavanine: A Higher Plant Insecticidal Allelochemical. Amino Acids 2001, 21, 319–330, 
doi:10.1007/s007260170017. 
50.  Chandana, T.; P. Venkatesh, Y. Occurrence, Functions and Biological Significance of Arginine-Rich Proteins. Current 
Protein and Peptide Science 2016, 17, 507–516. 
51.  King, J.E.; Gifford, D.J. Amino Acid Utilization in Seeds of Loblolly Pine during Germination and Early Seedling Growth 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 November 2022                   doi:10.20944/preprints202211.0145.v1

https://doi.org/10.20944/preprints202211.0145.v1


 16 
 

 

(I. Arginine and Arginase Activity). Plant Physiology 1997, 113, 1125–1135, doi:10.1104/pp.113.4.1125. 
52.  Field, C.J.; Johnson, I.; Pratt, V.C. Glutamine and Arginine: Immunonutrients for Improved Health. Med Sci Sports Exerc 
2000, 32, S377-88, doi:10.1097/00005768-200007001-00002. 
53.  Rhim, H.C.; Kim, M.S.; Park, Y.-J.; Choi, W.S.; Park, H.K.; Kim, H.G.; Kim, A.; Paick, S.H. The Potential Role of 
Arginine Supplements on Erectile Dysfunction: A Systemic Review and Meta-Analysis. The Journal of Sexual Medicine 2019, 16, 
223–234, doi:10.1016/j.jsxm.2018.12.002. 
54.  Saikarthik, J.; Ilango, S.; Vijayakumar, J.; Vijayaraghavan, R. Phytochemical Analysis of Methanolic Extract of Seeds of 
Mucuna Pruriens by Gas Chromatography Mass Spectrometry. Int J Pharm Sci Res 2017, 8, 2916–2921. 
55.  Donati, D.; Lampariello, L.R.; Pagani, R.; Guerranti, R.; Cinci, G.; Marinello, E. Antidiabetic Oligocyclitols in Seeds of 
Mucuna Pruriens. Phytotherapy Research 2005, 19, 1057–1060, doi:10.1002/ptr.1790. 
 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 November 2022                   doi:10.20944/preprints202211.0145.v1

https://doi.org/10.20944/preprints202211.0145.v1

