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Abstract.  Vernonia guineensis Benth. (Asteraceae), locally known as ‘African ginseng’, is an herba-

ceous plant with various therapeutic properties, sold by herbalists, and used in several traditional 

African preparations. Nanosizing has the capability to potentiate those preparations in their phar-

macological properties. Premilling and extensive grinding using a planetary ball mill were used to 

reduce the size of V. guineensis tubers towards antioxidant studies. Water was used as an environ-

mental friendly, cost effective solvent and dispersant to generate a nanocolloidal suspension of V. 

guineensis tubers. Size and size distribution were determined via photon correlation spectroscopy 

at room temperature which allows discussion on stability by Zeta potential and polydispersity in-

dex. Phytochemical screening shows presence of alkaloids, coumarins, polyphenol, saponins, 

tanins, terpenes, and anthraquinones. The distribution curve in water shows a polydispersed sys-

tem with large hydrodynamic particles of size close to 1000 nm and a Z-average of 484.5 nm. The 

preparation separate in two phases with polydispersity index 0.217 for the supernatant and 0.543 

for the suspension. In the supernatant and suspension, the particles zeta potential were -12.3 mV 

and -13.7mV respectively. The Mastersizer analysis indicates that there are smaller particles in vol-

ume in the supernatant than in the suspension. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 

scavenging capacity shows an increase in antioxidant activity, compared to that of ascorbic acid, in 

the nanoformulated state. These findings allow us to conclude on the potential of size reduction 

when compared to solvent extraction in pharmacologic preparations. 
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1. Introduction 

Oxidative stress is implicated in the pathogenesis of many chronic and neurodegenerative diseases. (Sharifi-Rad 

et al., 2020). The imbalance in the redox balance between oxidants and antioxidants in favor of the oxidants is oxidative 

stress. Oxidants promote oxidation reactions to stabilize the immune system. (Podkowinska and Formanowicz, 2020; 

Sies 1997). Medicinal plants play an essential role in the developing world being sometimes the only remedies to treat 

or cure diseases (Kuete and Efferth, 2010). Sustainable development can be achieved in the context of limited resources 

if cost-effective, environmentally friendly, and high-performance plant materials can be obtained. Nanomaterials, due 

to their high surface-to-volume ratio, hold promise in human life applications such as agriculture, energy storage, bio-

technology, or biomedicine (Khalid et al., 2020). The implication of nanotechnology in pharmaceuticals is set to continue 
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to increase rapidly and gain worldwide attention when aiming to reduce toxicity, adverse effects, and improving release 

and stability towards increased safety and efficacy (Raval et al., 2019). Planetary ball mill processing is an environmen-

tally friendly top-down method that optimizes nanostructure production (Ijaz et al., 2019). In a ball mill, the container 

with the sample rotates on its axis (angular velocity ω) while the supporting main disk revolves in the opposite direction 

(angular velocity Ω), thus creating a centrifugal force. This centrifugal force causes the balls to move in a certain direc-

tion and hit the wall of the container and with each other, leading to crushing and milling via impact effect attrition 

(Loh et al., 2015; Ramachandraiah and Chin 2016). Ball-milled samples therefore contain smaller particles with an in-

creased contact area and improved absorption, distribution, and bioavailability (Shahbaziniaz et al., 2013). The bridging 

of nanotechnology and nature can be achieved by sizing plant materials toward greater potential. The principle of 

nanostructuring materials to enhance their potential is easy to apply, and is mainly based on the Noyes-Whitney equa-

tion, one of the main equations in biopharmacy (Eq 1). 

 

dc / dt = D ⸳ A ⸳ (cs - co)/h         (1) 

 

where dc / dt is the dissolution rate, D is the diffusion coefficient, A is the total surface area of the particles, cs the satu-

ration solubility of the active ingredient, co is the concentration of the dissolved active ingredient in the solvent, and h 

is the diffusional distance (Griffin et al., 2017). 

Therefore, increasing the total surface increases the rate of dissolution, and the saturation solubility increases as a 

result of a higher dissolution pressure and decreases of the diffusional distance. Eventually, nanosizing increases the 

overall velocity of dissolution and improves the bioactivity of poorly soluble active ingredients (Griffin et al., 2017).  

Obtaining particles of uniform size distribution and their study can be quite challenging. Dynamic light scattering 

(DLS), also referred to as photon correlation spectroscopy (PCS) method, using a Zetasizer instrument can help to de-

termine the sample’s size distribution and stability in colloidal suspension (Raval et al., 2019). DLS measures the random 

movement of particles as a result of the interaction with the solvent molecules that surround them. It also obtains the 

diffusion rate of the particles and calculates the hydrodynamic size of the particles (Lim et al., 2013).  

Vernonia guineensis Benth., locally known as ‘African ginseng’, is an herbaceous plant distributed throughout Af-

rica, mainly from Mali to West Cameroon (Burkill, 1985). Its therapeutic properties are similar to those of the Asian 

plant "Panax ginseng". Herbalists use and sell whole tubers of this plant, which resemble carrots. (Toyang et al., 2012; 

Wouamba et al., 2020a). The species was found to possess antimicrobial, antiplasmodial, antiproliferative / anticancer, 

and anthelmintic effects (Toyang et al., 2013a; Toyang et al., 2013b; Toyang et al., 2013c). Ethnobotanical surveys reveal 

that leaves of V. guineensis are used macerated in West Africa in the treatment of malaria, hypertension, diabetes, child-

hood diseases, typhoid fever conditions, prostatic diseases, and during pregnancy (Noumi, 2010). A new ceramide 

named vernoguinamide and fifteen already known compounds, including three anthraquinones, physion, erythroglau-

cin and emodin, three triterpenoids, hop-17(21)-en-3β-yl acetate, lupeol and betulinic acid, six steroids, vernoguinoside 

A, vernoguinoside, β-sitosterol 3-O-β-D-glucoside, stigmasterol 3-O-β-D-glucoside, stigmasterol and β-sitosterol and 

three fatty acid derivatives, tetracosanoic acid, tricosanic acid and arachidic acid glycerol ester where isolated from its 

roots (Wouamba et al., 2020b). 

It has been reported previously that nanosuspensions of Solanum incanum and Pterocarpus erinocaeus retain a con-

siderable antimicrobial and nematicidal activity (Griffin et al., 2016). Additionally, the antifungal activity of Cynomorium 

coccineum L. against Candida albicans has been investigated (Griffin et al., 2017ab). The antiradical potential was inves-

tigated by rendering the plant material into small sized particles in the presence of surfactants using Salvia officinalis L, 

Laurus nobilis L., Nigella sativa L., Vitis vinifera L., Angelica sinensis Diels, Ziziphus jujube Mill., Lycium chinense Mill., Jas-

minum L. Argania spinosa L. (Abraham et al., 2020) Silybum marianum, Elettaria cardamomum and Coriandrum sativum (Ja-

han et al., 2016). Therefore, the objective of this study was to liberate the antioxidant properties of the medicinal plant 

V. guineensis Benth. (Asteraceae) by bead-milling and in the absence of surfactants to strike against oxidative stress 

which leads to chronic and degenerative illnesses. 

 

2.Methods 

2.1. Plant collection 

The plants used in this study are well known for their virtues in traditional medicine. The tubers of V. guineensis 

Benth. (Asteraceae) shown in Figure 1 were collected in September 2019 from Dogmoa village, Nkongsamba Arron-

dissement, Moungo Department, Littoral Region Cameroon. They were authenticated by Eric Ngansop Tchatchouang, 

botanist at the National Herbarium, Yaounde, in comparison with a voucher specimen previously deposited N° 

4869/SRFK. 
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Figure 1. Vernonia guineensis Benth. (Asteraceae) and geographic location (The maps have been reproduced employing 

Google Maps). 

 

2.2. Extraction 

The tubers of V. guineensis Benth. were cut, dried for 3 days at 25°C and pulverized. The powders were stored cold 

for further analysis. The aqueous extracts were obtained by maceration of 450 g of V. guineensis tuber powder in 4500 

mL of water at room temperature (25 oC) for 2 days. The macerate obtained was filtered on Whatman paper Nr 4 and 

concentrated in a water bath at 60 °C to the crude dry extract, which was stored at 4 oC for further use. The yield was 

obtained using formula 2.  

Yield (%) = (Mass of extract / Mass of plant material) x 100      (2) 

 

2.3. Phytochemical screening 

Qualitative phytochemical screening of the extract was performed to identify the main groups of chemical constit-

uents present using the following established colour reactions.  Alkaloids test: 1 mg of extract was stirred with 6 mL 

1% HCl on a water bath for 5 min and filtered.  1 mL of filtrate was mixed with 1 mL of Dragendorff’s reagent (potas-

sium bismuth iodide solution). The appearance of an orange-red precipitate indicated the presence of alkaloids (Banso 

and Adeyemo, 2006).  
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Quinones test: A yellow coloured precipitate which appeared after the addition of sample plant extract with concen-

trated HCl confirmed the presence of quinones (Ismail et al., 2017).  

Saponins test: 10 mL of distilled water were added to 5 mL of the extract in a test tube. The mixture was subsequently 

stirred for 20 s and allowed to stand for 15 min. The presence of saponins was confirmed by the appearance of a persis-

tent foam of height greater than 1 cm (Harborne, 1998).  

Flavonoids test: A few drops of concentrated HCl and 2-3 magnesium chips were added to 5 mL of the extract in a test 

tube. The release of heat and the appearance of a pink-orange or purplish colour indicated the presence of flavonoids 

(Harborne, 1998).  

Polyphenols test: A drop of alcoholic solution of 2 % ferric chloride (FeCl3) was added to 2 mL of the extract. The ap-

pearance of a blue or violet complex confirmed the presence of polyphenols (Yeo et al., 2011).  

Coumarin test: 3 mL of 10 % NaOH was added to 2 mL of aqueous plant extract. The appearance of a yellow colour 

confirmed the presence of coumarins (Ismail et al., 2017).  

Steroids and terpenoids test: The crude extract (about 100 mg) was thoroughly mixed with chloroform (2 mL) followed 

by the addition of concentrated H2SO4 (2 mL) along the wall of the test tube formation of a reddish-brown coloration at 

the interface indicated the presence of terpenoids (Ayoola et al., 2008). 

Tannin test: 0.5 g of extract was stirred with distilled water (10 mL) and filtered. A few drops of 5% FeCl3 were then 

added to the filtrate. The appearance of blue-black or green coloration or precipitate affirmed the presence of tannins 

(Banso and Adeyemo, 2006). 

 

2.4. Determination of Total phenolic content 

The total phenol content was determined by the Folin-Ciocalteu method. A volume of 23 μL (1 mg/mL) of each 

extract was mixed with 1817 μL of distilled water, 115 μL of the Folin-Ciocalteu reagent (1: 10 dilution, v/v; Merck 

KGaA, Darmstadt, Germany) and 345 μL of sodium carbonate solution (15%). The mixture was incubated at room 

temperature in the dark for 2 h and the absorbance was recorded at 765 nm on a Cary50 Bio UV/VIS spectrophotometer 

(Varian Australia Pty Ltd., Mulgrave, Australia). Gallic acid (Thermo Scientific, Waltham, MA, USA) was used as the 

reference standard and the results were expressed as milligram equivalents of gallic acid per gram of dry extract (mg 

EAA/g ES) (Singleton et al., 1999).  

 

2.5. Determination of flavonoid content 

To determine the flavonoid content, a volume of 1 mL of extract was added to 1 mL of 2% aluminium chloride in 

methanol. The mixture was placed in the dark for 10 min and then the absorbance was recorded at 430 nm. The results 

were expressed as mg of quercetin equivalent per 1 g of dry weight of the samples. These concentrations were deter-

mined by referring to the calibration curve performed with quercetin prepared in methanol at 200 µg /mL (Hegazy and 

Ibrahium, 2012).  

 

2.6. Nanosizing and size determination of V. guineensis tubers 

The sample was nanosized according to the method described in literature and modified by using wet-milled sam-

ples (Darkal et al., 2021; Vaso et al., 2021). The width parameter known as the polydispersity index (PdI) (Eq 3) is defined 

as the standard deviation (σ) of the particle diameter distribution divided by the mean particle diameter (a). 

 

PdI=(σ/2a)2          (3) 

 

2.7. DPPH radical scavenging capacity  

The radical scavenging capacity of DPPH (1,1-diphenyl-2-picrylhydrazyl; Sigma–Aldrich Chemie GmbH, Stein-

heim am Albuch, Germany) was determined according to the method described in the literature (Brand-Williams et al., 

1995; Vaso et al., 2021) with minor modification. Ascorbic acid (Sigma Chemical Co., Louis, MO, USA) was employed 

as positive control. The samples (both extracts and nanoparticles) reacted with the stable DPPH radical in a methanolic 

solution. For this purpose, a volume of 100 µL of each sample of different concentrations (0.039-2.5 mg/mL for plant 

extracts, and 0.00245-0.3125 mg/mL for ascorbic acid) was added to 900 µL of DPPH solution (0.02 g/L). After 1 h of 
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incubation in the dark and at room temperature, the absorbance was recorded with a spectrophotometer (model, com-

pany country) at 515 nm. A solution of DPPH without extract was exploited as a control. 

 

The percentage of DPPH radical scavenging was calculated using Eq 3: 

 

% scavenging activity = [Absorbance (control) - Absorbance (extract)] /Absorbance (control) × 100   (3)  

 

The percentage obtained for every concentration was plotted as a graph using GraphPad Prism software (version 8.0.1 

for Windows, GraphPad Software, San Diego, California USA) 

 

2.8. Statistical analysis 

The descriptive statistics and the comparison of mean values were performed with GraphPadPrism software (ver-

sion 9.1.1). Data were proven for normal distribution and variance homogeneity with the Shapiro Wilk and Levene test, 

respectively. Multiple comparisons were subsequently performed with one-way ANOVA and two-way ANOVA with 

Tukey correction. P-values < 0.05 were considered statistically significant. 

 

3. Results  

3.1. Extraction and phytochemical study 

An extract of pasty appearance with 9.2% yield was obtained. The secondary metabolites contained in V. guineensis 

tubers aqueous extract are recorded in Table 1. V. guineensis extract contains alkaloids, coumarins, polyphenols, sapo-

nins, terpenes and anthraquinones. Flavonoids are absent from the aqueous extract. 

Table 1. Results of the screening performed on the aqueous extract of V. guineensis tubers. 

Secondary 

metabolite

s test 

Alkaloid

s 

 

Coumarin

s 

 

Flavonoïde

s 

 

Polyphenol

s 

 

Saponin

s 

 

Tanin

s 

 

Terpene

s 

 

Anthraquinone

s 

Aqueous 

extract of 

V. 

guineensis 

tubers 

(AEQVG) 

+ + - + + + + + 

Caption: + = presence; - = absence; AEVG = aqueous extract of V. guineensis tubers 

 

3.2. Total phenol and flavonoid content 

The contents of total phenols and flavonoids in the extracts of V. guineensis are presented in Table 2. They are 

determined graphically by linear regression of the standard curve of gallic acid for total phenols and quercetin for 

flavonoids. In carrot like tuber of V. guineensis, a polyphenol content of 28.43 mg EAA/g ES and a zero flavonoid content 

are obtained. 

 
Table 2. Total phenol and flavonoid content of the aqueous extract 

Aqueous extract solution at 1 

mg/ml 

TPC in mg EAG/g extract TFC in mg EQ/g dry extract 

Tuber of V. guineensis 28.4±0.2 0.0013±0.0006 
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The calibration curve for gallic acid is shown in Supplement 1a and the calibration curve for quercetin in 1b. TPC total 

phenol content, TFC total flavonoids content. Values are mean±SD, n = 3. 

3.3. Nanoformulation and dispersion studies 

The polydispersity index (PdI) measures the uniformity of a sample. It is dimensionless and the value ranges from 

0 to 0.05 for a monodispersed sample and is larger than 0.08 for midrange polydispersity. Above 0.7, the sample is 

polydispersed and is not suitable for DLS. The Z-average and PdI are important characterization parameters, as they 

give the size and size distribution. 

Having identified the secondary metabolites present in the plant extract, the nanoformulation was obtained via 

ball milling and high pressure dispersion. The zeta nanosizer was employed to determine the size and Zeta potential of 

the particles. Water was used as the dispersing medium. The distribution curve shows a polydispersed system with 

large particles of size close to 1000 nm and a Z-average of 484.5 nm. The dispersed system (water-metabolites dissolved 

in aqueous media-plant particles) forms a colloidal dispersion with a supernatant liquid containing smaller molecules 

which agglomerate in a suspension to heavier particles. Polydispersity indices below 0.7 have been obtained for both 

the supernatant (0.217) and the suspension (0.543) (see Figure 2). In the supernatant and suspension, the particles are 

negatively charged with a potential of -12.3 mV and -13.7mV, respectively. 

 

 
Figure 2. Z-Average, PdI and Zeta Potential for suspension and supernatant of V. guineensis 

In the supernatant and suspension, the particles are negatively charged with a potential of -12.3 mV and -13.7mV, 

respectively. 

The size distribution by volume of suspension and the supernatant of V. guineensis is presented in Figure 3. The 

results of the duplicate analysis report the quantities Dv(0.1), Dv(0.5), and Dv(0.9) which correspond to the diameters 

below which 10, 50 and 90 % of the volume of the particles are located, respectively. Dv [4,3] corresponds to the average 

diameter in volume. 
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Figure 3. Size distribution by volume for V. guineensis, P < 0.05 Tukey's multiple comparison test between distributions. Similar letters 

indicate non-significative comparisons. 

 

3.4. DPPH scavenging study 

The percentages of DPPH scavenging at different concentrations for V. guineensis tuber extracts, their nanosized 

particles and ascorbic acid are presented in Figure 4. The potential to inhibit free radical formation is not significative 

at low concentrations of 0.025 and 0.025 mg/mL concentration of plant extract and nanoparticles generated from the 

organic material. The difference in scavenging activity is not significative between the reference drug ascorbic acid at 

0.25 and 2.5 mg/mL. At 0.25 mg/mL and 2.5 mg/mL the scavenging activity of nanosized V. guinensis tuber is significa-

tively higher than extract (P = 0.0116) and positive control ascorbic acid (P < 0.0001). 

                       

 

 

 

Figure 4 Percentage of DPPH scavenging at different concentrations for V. guineensis extracts, their nanoparticles, and 

vitamin C 
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4. Discussion 

Plants are a source of secondary metabolites and are used for pharmaceutical or medicinal purposes. Nanoformu-

lation is a way to potentiate the therapeutic power of plants. Thus, V. guineensis tubers have been extracted in water in 

order to perform a phytochemical screening. The pasty appearance can be due to the presence of residual water main-

tained in the material or the presence of lipids. The yield of 9.2% is higher than that obtained by Toyang and coworkers 

(8.7%) after a double extraction in dichloromethane (1 kg of V. guineensis tuber powder, 4 L of dichloromethane) of the 

plant collected in the North West Region of Cameroon in 2009 (Toyang et al., 2012). V. guineensis tubers contains alka-

loids, coumarins, polyphenols, saponins, terpenes and anthraquinones secondary metabolites. Flavonoids are absent 

from the aqueous extract. Polyphenols are secondary metabolites of plants and are ubiquitous in the plant kingdom and 

are generally involved in the defense against ultraviolet light or invasion by pathogens (Mukherjee, 2019). They are 

recognized for their antioxidant properties, important for reducing oxidative stress, which is related to the pathophys-

iology of multiple diseases, such as neurodegenerative diseases, inflammation, cancer, cardiovascular health, type 2 

diabetes, or obesity (García-Pérez et al., 2017; Hannah et al., 2018). Polyphenols are commonly subdivided into tannins, 

lignins, flavonoids, and non-flavonoids (Jideani et al., 2021) and are found in carrot extracts such as tuber V. guineensis.  

No flavonoids during phytochemical screening has been observed in previous report, for example when Trichoscy-

pha acuminata Engl (Anacardiaceae) stem bark is used (Mbosso Teinkela et al., 2023).  This observation is corroborated 

by the phytochemical screening (Table 1). The variability in polyphenol content and antioxidant activity are generally 

related: - to the section of the plant used i.e. generative part (flowers, seeds) > leaves > root > stem (for flowering and 

fruiting stages)) (Feduraev et al., 2019); - to the time period (Feduraev et al., 2019); - to plant species (Sarfaraz et al., 2021); 

- to climate, geographical variations and environment (Kabtni et al., 2020). 

The distribution curve of V. guinensis shows a polydispersed system. Particles combine with each other because of 

Brownian movement, which favours the formation of colloidal-size particles. The interest in using water as a dispersing 

medium is beneficial for several reasons: its availability in low-cost resource-limited regions, nature conservation con-

siderations, religious acceptance, and its use in traditional medicine preparations. It should be emphasized that no sur-

factants, such as Plantacare intended for medicinal applications, agriculture or polymers (chitosan, collagen, gelatine, 

hyaluronic acid, and PLGA), solid lipids (cholesterol, palmitic acid and stearic acid), and proteins (milk protein, nisin, 

and zein) used in food processing have been employed as part of this investigation (Griffin et al., 2016; Griffin et al., 

2017; Miyazawa et al., 2021). The dispersed system (water-metabolites dissolved in aqueous media-plant particles) forms 

a colloidal dispersion with a supernatant liquid containing smaller molecules which agglomerate in a suspension to 

heavier particles. The dispersed system shows a tendency to agglomerate due to hydrophilic and hydrophobic interac-

tions and van der Waals forces. Hartmann and colleagues have previously noted the difficulty in preparing stock solu-

tions of manufactured nanoparticles in solution (Hartmann et al., 2015). 

Additionally, particle size and uniformity play an important role in drug formulation. The average size obtained 

is of the same order of magnitude as after using different milling instruments for the production of drug nanoparticles 

(<500 nm) (Loh et al., 2015). Thus a maximum dispersion can be obtained in well diluted solutions. 

Ideally, the particle size distribution should be uniform (PdI = 0) (Danaei et al., 2018). Indeed, particle size, PdI and 

Zeta potential of nanoformulated systems are the main physicochemical factors influencing endocytosis-dependent cel-

lular uptake, material transport into cells, and cellular absorption (Sadat et al., 2016). The application of an electric field 

and the movement of nanoparticles (electrophoretic mobility) in a sample is measured by laser Doppler velocimetry as 

part of Zeta potential measurements. (Clogston and Patri, 2011; Borthagaray et al., 2018). The Zeta potential is used to 

study the interactions between colloids and electrolytes of the same or opposite charge (Rajpoot et al., 2019). 

Nanoparticles with a Zeta potential between -10 and +10 mV are considered approximately neutral, while nano-

particles with Zeta potentials greater than +30 mV or less than -30 mV are considered strongly cationic and strongly 

anionic, respectively (Clogston and Patri, 2011). The Stern layer is composed of a stratum of strongly bound ions on the 

surface of neutrally charged nanoparticles in an ionic solution (Clogston and Patri, 2011). Thus, the nanoparticles pro-

duced from V. guineensis have a low negative charge and therefore a medium flocculation capacity. The manufacture 

and stabilization of this plant nanosuspension consequently will require additional input of dispersion-like sonication. 

The Mastersizer analysis indicates that there are smaller particles in volume in the supernatant than in the suspen-

sion. These large particles represent less than 10% of the amount of nanoparticles in this suspension. The nanoparticles 

present in the supernatant of all groups of percentage are significatively smaller than those in the corresponding sus-

pension. The study of the dynamic aggregation may require measurement of the nanoparticle’s formation in function 

of time.  

The DPPH assay is commonly used to evaluate the free radical scavenging potential of an antioxidant molecule 

and is considered one of the standard and easy colourimetric methods for evaluating the antioxidant properties of pure 

compounds. Nanoparticles produced by nanoscale size reduction offer improved solubility, enhanced molecule 
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transport and, consequently, bioavailability and biological activity. Reducing the size of the active ingredient carrier in 

the case of cosmetics increases release kinetics on the skin's lipid/aqueous surface. (Griffin et al., 2017ab). The V. guin-

eensis nanoparticles trapped significantly more DPPH radicals compared to ascorbic acid and crude extract at concen-

trations 0.25 and 2.5 mg/mL. The percentage of scavenging is concentration dependent for VG and NanoVG; properties 

of the actual drugs. The DPPH scavenging action of ascorbic acid isn’t significatively different at 0.25 and 2.5 mg/mL. 

At 0.025 mg/mL the nanoparticles of the plant have the same activity then the extract. At 2.5 mg mL-1 the antiradical 

activity of the plant nanoparticles is significatively higher compared to the crude extracts. This experiment shows the 

positive impact of reducing the size of plant nanoparticles on the antioxidant power. The V. guineensis nanoparticle 

solution with nanocolloidal sizes obtained has a higher antioxidant power than the plant solution. The size reduction 

would therefore be beneficial for the fight against diseases related to oxidative stress. 

 

Conclusions 

The tubers of Vernonia guineensis Benth. (Asteraceae) were reduced to nanocolloidal sizes by ball milling. A phyto-

chemical study confirmed the main classes of secondary metabolites contained in the plant. The treatment with water 

as dispersion medium led rapidly to two phases in the experimental conditions: a supernatant and a suspension due to 

aggregation of the plant nanoparticles. A substantial increase in antioxidant activity, compared to ascorbic acid, is ob-

tained in the nanoformulated state, allowing the potential of size reduction for the formulation of plant-based drugs. 

The method can find usability to increase the potential of local traditional based preparations. 
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Supplement 1a Curve calibration of gallic acid standard 

 

 

Supplement 1b Curve calibration of quercetin standard 
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