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Abstract: Secondary metabolites from the leaves of Euphorbia Heterophylla were 
extracted by maceration in an ethanol-water mixture (70/30: v/v) with a yield of 16.70%. 
The resulting hydroalcoholic extract was fractionated successively with hexane, 
dichloromethane, ethyl acetate, ethanol and water to give the different fractions with 
respective yields of 13.75; 10.92; 16.78; 11.38 and 45.30%. The phytochemical 
screening carried out on the ground material, the hydroalcoholic extract and the fractions 
showed the presence of sterols, terpenes, polyphenols, flavonoids, anthocyanins, tannins 
and saponins as well as the absence of alkaloids. The ethyl acetate fraction is the richest 
in total polyphenols and flavonoids with contents of 321.3333±4.6188 mg GAE/g DM 
and 482.6667±2.3094 mg QE/g DM, respectively. This fraction showed greater 
antioxidant activity by the DPPH radical scavenging test (IC50 = 134 μg/mL) than that 
of ascorbic acid (IC50 = 142 μg/mL) at a concentration of 1000 μg/mL. This antioxidant 
potential was corroborated by the ABTS+• radical-cation scavenging test with a higher 
TEAC value of 376.2778 ± 6.4037 μmol TE/L of extract. 

 

 

1. Introduction 
Plants are important source of food and active ingredients against diseases and are used in therapy 

by 80% of the population of developing countries (OMS, 2013). Indeed, they contain various 
biomolecules that can serve as models to synthesize other more active molecules (Soro et al., 2012), 
(Alkadi, 2021). It appears necessary to know the active ingredients of medicinal plants in order to study 
their effectiveness, their action mode and their side effects on human health. Among the diversity of 
medicinal plants, Euphorbia Heterophylla (E. heterophylla) is widely used as a purgative, laxative and 
to expel intestinal worms (Mosango, 2008), (Falodun et al., 2006). It has healing (James and Friday, 
2010), antimicrobial (Meenakshi et al., 2010), (Uduak and Kola, 2010), anti-inflammatory (Falodun et 
al., 2006), antioxidant and vermifuge (Keerthana et al., 2014) properties. Its latex is used in the 
preparation of arrow poison and fish poison (Falodun et al., 2006). In Côte d'Ivoire, seeds are used to 
enrich the eggs of laying hens (ISA Warren) with omega-3 polyunsaturated fatty acids (Kouakou et 
al., 2015). The decoction of the leaves is used for the treatment of indigestion and dysentery (Saraka 
et al., 2018) and the crushed leaves are used for the treatment of malaria (Dingui et al., 2021).  
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Preliminary phytochemical screening of the non-volatile fraction of E. heterophylla leaves 

revealed the presence of tannins, alkaloids, saponins, flavonoids, glycosides, steroids, triterpenes, 
coumarin, anthocyanin, anthracene derivatives and reducing sugars (Falodun et al., 2006), (Nalule et 
al., 2013). Its crude protein content varies from 16 to 27% (Bindelle et al., 2007). The plant contains 
7.2% vegetable oil dominated by 67.2% polyunsaturated fatty acids of which α-linolenic (C18:3 n-3) 
and linoleic (C18:2 n-6) acids represent 56.5 and 10.7% of total fatty acid, respectively (Kouakou et 
al., 2019). The leaves of the plant also contain an essential oil dominated by 9,12-octadecanoic, 
hexadecanoic acids and methyl ester of hexadecanoic acid (Wellington et al., 2019), as well as 1,8-
cineole and Camphor (Elshamy et al., 2019). Recently, some polyphenols have been isolated and 
characterized from the leaves of E. heterophylla (Tostes et al., 2019). Despite its therapeutic potential 
and remarkable nutritional properties, E. heterophylla has been the subject of little chemical 
investigation. In addition, to our best knowledge, the plant acclimatized in Côte d’Ivoire has not been 
subjected to any chemical study. The present work therefore aims to carry out a phytochemical study 
of the leaves of E. Heterophylla from the Ivorian flora.  

2. Materials and methods 
2.1. plant material 

The leaves of E. Heterophylla were collected in July 2018 in Yamoussoukro (6°53'04.7'' North 
and 5°13'54.9'' West) in the centre of Côte d'Ivoire, in the rainy season. The plant was identified by 
Mr. Amani N’GUESSAN, botanist at the National Polytechnic Institute Felix HOUPHOUET-
BOIGNY (INP-HB) of Yamoussoukro. The leaves were dried in the shade at room temperature (28 ± 
2°C) for 21 days and then crushed. The resulting powders were sieved through a 0.4 mm mesh sieve 
and conserved at 4°C in a hermetically closed bottle until further use. 

2.2. Methods 
2.2.1. Extraction of plant material 

The hydroalcoholic extract (EHA) was prepared according to the method described by Kassi et al. 
(Kassi et al., 2014). A mass of 100g of crushed sample was macerated in 1 L of an ethanol/water 
mixture (70/30: v/v) with magnetic stirring for 24 hours. After settling, the mixture was successively 
filtered on hydrophilic cotton and Wattman No 2 paper. The operation was repeated three (3) times 
until the crushed material was exhausted. The filtrate obtained was concentrated under reduced 
pressure at a temperature of 40°C using a rotary evaporator of BUCHI 461 type and then freeze-dried 
to give the hydroalcoholic extract (EHA). The extraction was carried out in triplicate. 

2.2.2. Fractionation of the hydroalcoholic extract 
The obtained hydroalcoholic extract (EHA) was fractionated successively with solvents of 

increasing polarity (hexane, dichloromethane, ethyl acetate, ethanol and water) according to the 
method described by Bouamama et al. (Bouamama et al., 2006). The hydroalcoholic extract (10 g) was 
dissolved in water (100 mL) and fractionated successively with hexane (3x100 mL), dichloromethane 
(3x100 mL) and ethyl acetate (3x 100 mL). The resulting aqueous phase was dried and then extracted 
with ethanol (3x 100 mL). The resulting solid residue constitutes the aqueous extract. After filtration 
and removal of the solvents, the hexane (FHEX: 1.375 g), dichloromethane (FDCM: 1.092 g), ethyl acetate 
(FAE: 1.678 g), ethanol (FETH: 1.138 g) and aqueous (FAq: 4.530 g) fractions were obtained. The 
fractionation was carried out in triplicate. 
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2.2.3. Screening of secondary metabolite families 
The screening method used is that described by Harbone and based on precipitation and/or 

staining reactions (Harbone, 1998). 

2.2.4. Total polyphenols and flavonoids Assays 
The total polyphenols were assayed according to the method described by Wood et al. (Wood et 

al., 2002). To 30 μL of extract were added 2.5 mL of Folin-Ciocalteu's reagent diluted to 1/10th. The 
mixture obtained was maintained for 2 min in the dark at room temperature (28±2°C) then 2 mL of 
sodium carbonate solution at 75 g.L-1 were added to it. The resulting solution was then incubated at 
50°C for 15 minutes. The absorbance was read using a UV-visible spectrophotometer at a wavelength 
of 760 nm against a blank prepared in the same way except that it contains distilled water instead of 
the test substance. Gallic acid was used as a standard reference for the quantification of total polyphenol 
content expressed in mg of gallic acid equivalent per gram of dry extract or matter (DM) (mg GAE/g 
DM). The tests were carried out in triplicate. 

The total flavonoid content was determined according to the method described by Marinova et 
al. (Marinova et al., 2005). Volumes of 0.75 mL of 5% sodium nitrite solution and 0.75 mL of 10% 
aluminum chloride solution were added to 2.5 mL of extract in ratio of 1/500 (m/V). After 5 minutes 
of incubation, the mixture was brought into contact with 5 mL of a 1 M sodium hydroxide solution. 
The volume obtained was adjusted to 25 mL with distilled water then stirred vigorously. Absorbance 
was measured at the wavelength of 510 nm. Quercetin was used as a standard reference for the 
quantification of total flavonoid contents expressed in milligrams of quercetin equivalent per gram of 
dry extract (mg QE/g DM). The tests were carried out in triplicate. 

2.2.5. Antioxidant Assays of the extract and fractions 
Oxidation processes are complex because the various antioxidant molecules can be hydrophilic 

or hydrophobic. There is therefore no universal method for measuring antioxidant activity 
quantitatively in a very precise manner. Thus, the combination of responses from different and 
complementary tests provides an indication of the antioxidant capacity of the sample to be tested 
(Tabart et al., 2009), (Mezni et al., 2022). In this study, we therefore evaluated the antioxidant potential 
of the hydroalcoholic extract and its fractions by the methods of 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid ) (ABTS).  

2.2.5.1. 2,2-Diphenyl-1-picryl hydrazyl free radical scavenging test 
This method is based on the ability of antioxidants to scavenge the DPPH radical. The latter is 

reduced to hydrazine form (non-radical) by accepting a hydrogen atom. The effect of each extract on 
DPPH was measured according to the protocol described by Sanchez-Moreno et al. (Sanchez Moreno 
et al., 1998). Ascorbic acid was used as the standard reference antioxidant. Volumes of 5 mL at 
different concentrations (50, 100, 250, 500 and 1000 μg/mL) of each extract and fraction were 
prepared. A volume of 50 μL of the different concentrations of each extract or fraction was added to 
1.950 mL of the freshly prepared methanol solution of DPPH (0.025 mg/mL). After 30 minutes of 
incubation, the absorbances were measured at 517 nm using a spectrophotometer and the percentages 
inhibition were calculated from Eqn. 1. 

𝑃𝐼	(%) = '
Ao − A
Ao + ∗ 100										𝐄𝐪𝐧. 𝟏 

PI: Percentage inhibition; A: Absorbance of diluted DPPH containing the samples to be tested; A0: 
Absorbance of diluted DPPH (control absorbance) 
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The 50% inhibition concentration (IC50) was determined by studying the variation in percent inhibition 
as a function of concentration. A lower IC50 value leads to a greater antioxidant activity of the extract 
or fraction. The tests were carried out in triplicate. 

2.2.5.2. 2,2’-Azino-bis-3-ethylbenzothiazoline-6-sulfonic acid radical–cation scavenging test  
This test is carried out according to the method described by Miller et al. (Miller et al., 1993). It 

is based on the ability of compounds to reduce the ABTS+• radical-cation. The solution of the cationic 
radical ABTS+• was obtained by mixing an 8 mM solution of ABTS (87.7 mg in 20 mL of distilled 
water) and a 3 M solution of potassium persulfate (0.0162 g in 20 mL distilled water) in a 1:1 (v/v) 
ratio. The reaction mixture was then incubated in the dark at room temperature (28±2°C) for 16 hours. 
Then, the ABTS+• solution obtained was diluted in absolute methanol to afford a solution with an 
absorbance of 0.7±0.02 at 734 nm. In addition, 3.9 mL of the diluted ABTS+• solution was added to 
100 µL of the extract or fraction to be tested. After stirring, the resulting mixture was incubated for 6 
minutes in the dark. The residual absorbance of the ABTS+• radical was measured at 734 nm using a 
UV-visible spectrophotometer and should represent between 20 and 80% of the absorbance of the 
blank. The tests were carried out in triplicate and the results were expressed in µmol Trolox equivalent 
per liter of extract or fraction (μmol TE/L of extract).  

The activity of the extract or fraction is expressed by the Trolox Equivalent Antioxidant Capacity 
(TEAC) which corresponds to the concentration of Trolox (reference antioxidant) inducing the same 
antioxidant capacity as a concentration of 1 mM of the extract or fraction tested. The spectrophotometer 
was calibrated by measuring the absorbance of different concentrations of Trolox solution (3.75; 5; 
6.25; 10; 11.25; 13.75 and 15.10-4 mM) and the percentage inhibition PI (%) of ABTS+• was determined 
by Eqn. 2. 

𝑃𝐼	(%) = '
Ac − A
Ac + ∗ 100										𝐄𝐪𝐧. 𝟐 

PI: Percentage inhibition 
A: Absorbance of diluted ABTS containing the samples to be tested  
A0: Absorbance of diluted ABTS (control absorbance) 
The antioxidant activity was expressed by Eqn. 3. 

𝐶 =
PI	x	D
4,9901 										𝐄𝐪𝐧. 𝟑 

C: Trolox Equivalent Antioxidant Capacity (TEAC) in μmol TE/L of extract and D: Dilution factor 
 
3. Results and discussion 
3.1. Extraction and fractionation yields 

Yields of hydroalcoholic extract (EHA) of E. heterophylla leaf powders and the hexane (FHEX), 
dichloromethane (FDCM), ethyl acetate (FAE), ethanol (FETH) and aqueous (FAQ) fractions from this 
extract are given in Figure 1. Hydroalcoholic extract was obtained with a yield of 16.70%. This yield 
is higher than those of the ethanolic and aqueous extracts reported in the literature and which are 11 
and 15.8%, respectively (Amit Joshi, 2019). Fraction yields vary from 10.92% for dichloromethane 
fraction to 45.30% for the aqueous fraction. The results obtained show that the yields of the fractions 
depend on the solvents used. The best yields were obtained with water and ethyl acetate. These results 
are similar to those of Soumahoro et al. when extracting secondary metabolites from the leaves of 
Hyptis Suaveolens (Soumahoro et al., 2020). 
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Figure 1. Yields of the hydroalcoholic extract and fractions of E. Heterophylla leaves 

The leaves of E. heterophylla are therefore rich in polar molecules which could be bound to 
carbohydrates as reported in the literature (Amit Joshi, 2019), (Bonnaillie et al., 2012). Indeed, the nine 
(9) polyphenols recently isolated from E. Heterophylla leaves collected in Brazil were all glycosylated 
(Tostes et al., 2019). The yield of the hydroalcoholic extract is lower than that obtained for Alchornea 
cordifolia and Ricinus communis Linn, two plants from the same family as E. Heterophylla (Saraka et 
al., 2018). Thus, the extraction yields depend on several factors such as nature of plant species, crushed 
material particles size, temperature, extraction time, agitation degree and method used (Saraka et al., 
2018), (Perva Uzunalic et al., 2006).  

3.2. Phytochemical screening  
The results of phytochemical screening carried out on ground material, hydroalcoholic extract 

(EHA) as well as on hexane (FHEX), dichloromethane (FDCM), ethyl acetate (FAE), ethanol (FETH) and 
aqueous (FAQ) fractions from E. heterophylla leaves are given in Table 1. 

Table 1. Phytochemical constituents of ground material, hydroalcoholic extract and various fractions 
of E. heterophylla leaves 

Secondary metabolites 
Families  

Ground 
material  

                       Extract and fractions 

EHA FHEX FDCM FACE FETH FAQ 

Sterols and terpenes + + + + ⁻ ⁻ ⁻ 
Polyphenols  + + ⁻ + + + + 
Flavonoids + + ⁻ + + + + 
Anthocyanins  + + ⁻ ⁻ + + + 
Tannins  + + ⁻ ⁻ + + + 
Alkaloids - ⁻ ⁻ ⁻ ⁻ ⁻ ⁻ 
Saponins  + + ⁻ ⁻ ⁻ ⁻ + 

Presence: +; Absence : - 

Phytochemical screening showed that crushed leaves of E. Heterophylla contain all the desired 
secondary metabolites families except alkaloids. The absence of alkaloids in the extract and fractions 
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has also been reported in the literature (Okeniyi et al., 2012), (Falodun et al., 2008). However, this 
family is present in the leaves of the plant collected in Uganda [13] (Nalule et al., 2013), Himalayas 
(Amit Joshi, 2019), Nigeria (Wellington et al., 2019) and Pakistan (Abbassi, 2013), respectively. Our 
results differ slightly from those of Edoaga et al., who noted the absence saponin and sterols in the 
plant collected in Nigeria (Edeoga et al., 2005). These results show that we are in the presence of a 
new chemical race of E. Heterophylla. 

Hydroalcoholic extract contains all the secondary metabolites families present in the crushed 
leaves. This result confirms the ability of hydroalcoholic solvent to extract almost all the secondary 
metabolites present in plant organs (Perva Uzunalic et al., 2006). Secondary metabolites families are 
variously distributed in the fractions according to the solvent used. The hexane fraction (FHEX) contains 
only sterols and terpenes while the ethyl acetate, ethanol and aqueous fractions contain polyphenols, 
flavonoids, anthocyanins and tannins. The absence of all the metabolites families sought in the hexane 
fraction except sterols and terpenes has also been reported for E. heterophylla collected in Pakistan 
(Abbassi, 2013). However, the alkaloids family is present in the hexane fraction of leaves harvested in 
Himalayas (Amit Joshi, 2019). Saponins are present only in the aqueous fraction which also contains 
the greatest number of secondary metabolites, which could justify the use of aqueous decoction in 
traditional medicine (Saraka et al., 2018). The richness of E. heterophylla leaves in secondary 
metabolites could be the source of its many biological, pharmacological and therapeutic properties 
reported in the literature (Wellington et al., 2019), (Elshamy et al., 2019). 

3.3. Total Phenolic Contents 
Total phenolic assays were performed from the gallic acid calibration line (Figure 2). The results 

obtained are shown in Figure 3. Total phenolic content of the hydroalcoholic extract is 
134.0000±3.4641 mg GAE/g DM. Total phenolic contents vary according to the fractions used. This 
result is similar to that obtained when determining the total phenolic content of Anagyris foetida (Mezni 
et al., 2022). The highest content (321.3333 mg GAE/g DM) was obtained with the ethyl acetate 
fraction followed by the aqueous fraction (108 mg GAE/g DM). These two polar solvents are therefore 
the best solvents for extracting total polyphenols.  

 

 
Figure 2. Calibration curve of gallic acid for total phenolic assay 
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Figure 3. Total phenolic contents of E. heterophylla leaves 

The abundance of polyphenols in the ethyl acetate fraction has also been reported in the literature 
(Soumahoro et al., 2020), (Abbassi, 2013), (Kouamé et al., 2021). However, our total polyphenol 
content in this solvent is much higher than those obtained by Abbasi et al. (190.1± 1.21 mg GAE/g 
DM) on E. heterophylla collected in Pakistan (Abbassi, 2013). This difference could be due to the 
extraction method, geographical and climatic factors, genetic factors, plant maturation and storage time 
of the plant material which have a strong influence on the total polyphenol content (Kouamé et al., 
2021), (Fiorucci, 2006), (Pedneault et al., 2001). 

 The dichloromethane fraction contains a small amount of polyphenols, whereas the latter are 
totally absent from the hexane fraction. This result agrees with the phytochemical screening (Table 1). 
However, polyphenols were obtained in the hexane fraction of the plant harvested in Pakistan (Abbassi, 
2013). The presence of polyphenols in the leaves of E. heterophylla could justify their use in traditional 
medicine in Nigeria (Ashidi et al., 2010) and Côte d'Ivoire (Saraka et al., 2018). 

3.4. Total flavonoids contents 
Total flavonoids assays were performed from the gallic acid calibration line (Figure 4). The 

results obtained are shown in Figure 5. 

 
Figure 4. Quercetin calibration curve for total flavonoids assay 
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Figure 5. Total flavonoids contents of E. heterophylla leaves 

Hydroalcoholic extract has a total flavonoid content of 182.0000 ± 9.1652 mg EQ/g DM. As for 
total polyphenols, the total flavonoids contents vary according to the solvents used. Ethyl acetate 
fraction was the richest in total flavonoids followed by aqueous fraction with contents of 
482.6667±2.3094 and 166±9.1651 mg EQ/g DM, respectively. Total flavonoids content of our 
hydroalcoholic extract is about 2.6 times higher than that of the aqueous extract of the whole Euphorbia 
hirta plant harvested in Malaysia (Abu Bakar et al., 2020). The abundance of flavonoids in ethyl acetate 
fraction has also been reported in the literature (Soumahoro et al., 2020), (Kouamé et al., 2021). The 
hexane fraction did not contain flavonoids as revealed by phytochemical screening of this fraction 
(Table 1).  

3.5. Antioxidant Assays  
3.5.1. 2,2-Diphenyl-1-picryl hydrazyl free radical scavenging test 

The results of antioxidant assays of hydroalcoholic extract and its fractions obtained during the 
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging test are recorded in Table 2.  

Table 2.  Percentage inhibition (PI) and 50% inhibition concentration (IC50) of the samples according 
to the concentrations 
Extract 
and 
Fractions 

Percentage inhibition (PI) (%) IC50 

(μg/mL) 50 μg/mL 100 μg/mL 250 μg/mL 500 μg/mL 1000 μg/mL 

EHA 5.909±0.104 14.903±0.714 32.452±0.168 48.318±0.248 64.387±0.225 545 

FHEX 1.691±0.100 2.965±0.100 5.786±0.569 8.554±0.609 12.125±0.840 ………. 

FDCM 2.523±0 .483 4.835±0.512 8.768±0.192 12.873±0.197 17.509±0.401 ………. 

FACE 28.495±0.360 38.786±0.350 80.974±0.318 87.232±0.218 94.627±0.533 134 

FETH 4.672±0.497 7.356±0.350 13.234±0.212 18.875±0.326 24.627±0.446 ………. 

FAQ 6.203±0.206 10.846±0.633 28.326±0.350 42.682±0.876 55.247±0.368 770 

AA 17.465±0.655 29.564±0.689 89.906±0.483 95.058±0.182 96.451±0.713 142 

AA: Ascorbic acid 
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Antioxidant activity of the hydroalcoholic extract, fractions and ascorbic acid (AA) was 
measured at different concentrations (50, 100, 250, 500 and 1000 μg/mL). The results obtained show 
that the percentages inhibition of DPPH radical, hydroalcoholic extract and its fractions increase with 
concentration, the best values being obtained at the concentration of 1000 μg/mL. Similar results have 
been reported in the literature (Amit Joshi, 2019). Generally, ascorbic acid (AA) has the highest 
percentage inhibition followed by ethyl acetate fraction (FACE), hydroalcoholic extract (EHA) and 
aqueous fraction (FAQ). However, at concentrations of 50 and 100 μg/mL, ethyl acetate fraction exhibits 
the highest inhibition percentages with values of 28.495 ± 0.360 and 38.786 ± 0.350%, respectively. 
Ethyl acetate fraction is the most active of the fractions. These results agree with those of Abbasi et al. 
(Abbassi, 2013). However, ethyl acetate fraction of these authors gave a higher percentage inhibition 
than ours with a value of 80.09 ± 0.87% at a concentration of 120 μg/mL. 

Hexane fraction has the lowest inhibition percentage at any concentration considered. These 
results agree with those of total phenolic and flavonoids contents which are generally responsible for 
the antioxidant activity of plant secondary metabolites (Soumahoro et al., 2020), (Kouamé et al., 2021), 
(Pourmorad et al., 2006). The low DPPH radical scavenging activity of ethanolic fraction could be 
justified by the presence of compounds which have absorption bands at the same wavelength as the 
DPPH radical, thus leading to an increase in the optical density and a decrease the percentage inhibition 
of the radical (Sarr et al., 2015). 

To better appreciate the antioxidant activity of hydroalcoholic extract and its fractions, their 
concentrations corresponding to 50% inhibition (IC50) were determined from the graphs PI (%) = f 
(concentration). The results in Table 2 show that ethyl acetate fraction has the best antioxidant activity 
with an IC50 value of 134 μg/mL slightly higher than that of ascorbic acid (142 μg/mL) used as standard 
reference. These results agree with those of Abassi et al. (Abbassi, 2013) and they reveal the important 
role of polyphenols and flavonoids in antioxidant activity of plant secondary metabolites. Indeed, 
several studies have found a good correlation between total phenolic or flavonoids contents and 
antioxidant activities (Alkadi, 2021), (Lanhers et al., 2005), (Albano and Miguel, 2011). The IC50 of 
the hexane, dichloromethane and ethanol fractions could not be quantified because at the 
concentrations tested, they do not capture more than 30% of DPPH. Ethyl acetate fraction of the leaves 
of E. Heterophylla from Pakistan, with an IC50 value of 36.85 ± 1.8 μg/mL (Abbassi, 2013), is more 
active than ours. This difference in antioxidant activity could be due to several factors such as the 
different experimental conditions as well as the climatic and edaphic conditions of the different 
harvesting localities (Mezni et al., 2022). 

 
3.5.1. 2,2’-Azino-bis-3-ethylbenzothiazoline-6-sulfonic acid radical–cation scavenging test  

Antioxidant activity of hydroalcoholic extract and its fractions by the ABTS+• radical cation 
trapping test was carried out from the calibration line of Trolox (Figure 6). The results obtained are 
presented in Figure 7. The Trolox Equivalent Antioxidant Capacity (TEAC) of hydroalcoholic extract 
of E. heterophylla leaves is 132.2017 ± 4.6002 μmol TE/L of extract. Ethyl acetate fraction has the 
highest TEAC (376.2778 ± 6.4037 μmol TE/L of extract) followed by ethanol (186.8174 ± 7.2643 
μmol TE/L of extract) and aqueous (161.0543 ± 8.0438 μmol TE/L of extract) fractions. These results 
show that ethyl acetate fraction had, as for the DPPH test, a greater antioxidant activity for the ABTS 
test. The hexane and dichloromethane fractions showed low antioxidant activity (more than 11 times 
lower than the other fractions). Ethyl acetate fraction was also the most active in the ABTS+• radical 
cation scavenging test performed on the leaves of several plants (Sarr et al., 2015), (Muhammad et al., 
2017). 
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Figure 6.  Trolox calibration curve for antioxidant activity assay 

 
Figure 7. Antioxidant activity of extract and fractions by ABTS test 

Conclusion 
The leaves of Euphorbia Heterophylla contain almost all the secondary metabolites sought in our study 
except alkaloids. Total phenolic and flavonoids contents are higher in ethyl acetate fraction, which 
therefore shows greater antioxidant activity compared to that of the standards used. Euphorbia 
Heterophylla leaves could therefore be considered as a potential source of natural antioxidants that are 
beneficial to human health. Purification and elucidation of the structures of some secondary metabolites 
are in progress. 
 
Acknowledgement: The authors are grateful to M. N’GUESSAN Amany Antoine, taxonomist at the 
laboratory of botany of the department of Agriculture and Animal Resources of the National 
Polytechnic Institute Félix HOUPHOUET-BOIGNY of Yamoussoukro. His help was invaluable in the 
authentication of plants. 

Disclosure statement: Conflict of Interest: The authors declare that there are no conflicts of interest. 
Compliance with Ethical Standards: This article does not contain any studies involving human or 
animal subjects. 

132,2017

11,0646 9,3697

376,2778

186,8174
161,0543

0
50

100
150
200
250
300
350
400
450

EHA FHEX FDCM FACE FETH FAQ

A
nt

io
xi

da
nt

 a
ct

iv
ity

(µ
m

ol
 T

E
/L

 o
f e

xt
ra

ct
)

Samples



 Adjémé et al., J. Mater. Environ. Sci., 2023, 14(4), pp. 462-474 472 
 

References 

Abbassi M.S.A., (2013) Determination of antioxidant activity and phytoconstituent screening of Euphorbia 
heterophylla Linn., Br. J. Pharm. Res., 3(2), 202- 216. DOI:10.9734/BJPR/2014/1925 

Abu Bakar F.I., Abu Bakar M.F., Abdullah N., Endrini S., and Fatmawati S., (2020) Optimization of extraction 
conditions of phytochemical compounds and anti-Gout activity of Euphorbia hirta L. (Ara Tanah) 
using response surface methodology and liquid chromatography-Mass spectrometry (LC-MS) 
analysis, Evid. Based Complementary Altern. Med., Article ID 4501261, 1-13. 
https://doi.org/10.1155/2020/4501261  

Albano S.M., Miguel M.G., (2011) Biological activities of extracts of plants grown in Portugal, Ind Crops Prod., 
33, 308 - 343. doi: 10.1016/j.indcrop.2010.11.012 

Alkadi H., (2021) Determination of Chemical Composition, Antioxidant activity, and antimicrobial activity of 
essential oils of Damask Ocimum basilicum L., J. Mater. Environ. Sci,, 12(7), 919-928. 

Amit Joshi G., (2019) Comparative Study on Extraction Isolation and Phytochemical Screening of Leaves and 
Stems of Euphorbia Heterophylla with Their In-Vitro Antioxidant Potential, IOSR J. pharm. biol. Sci., 
14(4), 49-57. DOI: 10.9790/3008-1404024957 

Ashidi J.S., Houghton P.J., Hylands P.J., Efferth T., (2010) Ethnobotanical survey and cytotoxicity testing of 
plants of South-western Nigeria used to treat cancer, with isolation of cytotoxic constituents from 
Cajanus cajan Millsp. Leaves, J. Ethnopharmacol., 128, 501–512. DOI: 10.1016/j.jep.2010.01.009 

Bindelle J., Ilunga Y., Delacollette M., Muland Kayij M., Umba di M’Balu J., Kindele E. & Buldgen A., (2007) 
Voluntary intake, chemical composition and in vitro digestibility of fresh forages fed to Guinea pigs 
in periurban rearing systems of Kinshasa (Democratic Republic of Congo), Trop. Anim. Health Prod., 
39 (6), 419-426. 

Bonnaillie C., Salacs M., Vassiliova E., Saykova I., (2012) Etude de l’extraction de composés phénoliques à 
partir de pellicules d’arachide (Arachis hypogaea L.), Revue de génie industriel, 7, 35-45. 

Bouamama H., Noël T., Villard J., Benharref A. and Jana M., (2006) Antimicrobial activities of the leaf extracts 
of two Moroccan Cistus L. species, J. Ethnopharmacol., 104(1-2), 104–107. DOI: 
10.1016/j.jep.2005.08.062 

Dingui J. A., Brou C.Y., Kouakou D. N’G. & Zirihi N. G. (2021) Etude ethnobotanique sur Euphorbia 
heterophylla en Côte d’Ivoire, Int. J. Biol. Chem. Sci., 15(6), 2500-2513. DOI: 
https://dx.doi.org/10.4314/ijbcs.v15i6.20  

Edeoga H.O., Okwu D.E. and Mbaebie B.O., (2005) Phytochemical Constituents of Some Nigerian Medicinal 
Plants, Afr. J. Biotechnol, 4(7), 685-688.  

Elshamy A.I., Abd-El Gawad A.M., El Gendy A.E.-N.G., Assaeed A.M., (2019) Chemical Characterization of 
Euphorbia heterophylla L. Essential Oils and Their Antioxidant Activity and Allelopathic Potential 
on Cenchrus echinatus L., Chem. Biodivers., 16 e1900051. DOI: 10.1002/cbdv.201900051 

Falodun A., Ali S., Quadir I.M. & Choudhary I.M.I., (2008) Phytochemical and biological investigation of 
chloroform and ethylacetate fractions of Euphorbia heterophylla leaf (Euphorbiaceae), J. Med. Plant 
Res., 2(12), 365-369. 

Falodun A., Okunrobo L.O., Uzoamaka N., (2006) Phytochemical screening and anti-inflammatory evaluation 
of methanolic and aqueous extracts of Euphorbia heterophylla Linn (Euphorbiaceae), Afr. J. 
Biotechnol., 5(6), 529-531. 

Fiorucci S., (2006) Activités biologiques de composés de la famille des flavonoïdes : approches par des 
méthodes de chimie quantique et de dynamique moléculaire, Thèse de doctorat Nice, 211p. 

Harbone J.B., (1998) Phytochemical Methods, A Guide to Modern Techniques of Plant Analysis, New York. 
James O., Friday E.T., (2010) Proximate and nutrient composition of Euphorbia hetrophylla: A medicinal plant 

from Anyigba, Nigeria, J. Med. Plants Res., 4(14), 1428-1431. 



 Adjémé et al., J. Mater. Environ. Sci., 2023, 14(4), pp. 462-474 473 
 

Kassi A.B.B., Soro Y., Fanté B., Golly K.J., Sorho S., Touré A.S. and Coustard J.-M., (2014) Isolation and 
identification of bioactive compounds from kernel seed cake of the mango (Mangifera indica Lam), 
Int. J. Biol. Chem. Sci., 8(4), 1885-1895. DOI: 10.4314/ijbcs.v8i4.48 

Keerthana K., Deepa A., Shobana G., Jothi G., Sridharan G., (2014) Preliminary Phytochemical screening and 
in vitro antioxidant potential of Euphorbia heterophylla, Int. J. Pharm. Pharm., 6(8), 550-553.   

Kouakou N’G.D.V., Coulibaly S.B.M., Angbo-Kouakou C.E.M., Ahongo Y.D., Assidjo N.E., Kouba M., (2019) 
Viande de lapin (Oryctolagus cuniculus L.) enrichie en oméga 3 avec un aliment contenant de 
l’euphorbe (Euphorbia heterophylla L.), Rev Elev Med Vet Pays Trop., 72 (3), 107-113. DOI: 
10.19182/remvt.31779  

Kouakou N’G.D.V., Traore G.C., Angbo-Kouakou C.E.M., Kouame K.B., Adima A.A., Assidjo N.E., Grongnet 
J.-F. et Kouba M., (2015) Essai préliminaire de production d’oeufs des poules pondeuses (ISA Warren) 
enrichis en acides gras polyinsaturés oméga 3 avec les graines de Euphorbia heterophylla L., Int. J. 
Biol. Chem. Sci., 9(4), 1902-1909. DOI: 10.4314/ijbcs.v9i4.15   

Kouamé T.K., Siaka S., Kassi A.B.B. et Soro Y., (2021) Détermination des teneurs en polyphénols totaux, 
flavonoïdes totaux et tanins de jeunes feuilles non encore ouvertes de Piliostigma thonningii 
(Caesalpiniaceae), Int. J. Biol. Chem. Sci., 15(1), 97-105. DOI : 
https://dx.doi.org/10.4314/ijbcs.v15i1.9 

Lanhers M.-C., Nicola J.P., Fleurentin J., Weniger B., (2005) Euphorbia hirta L. Monographie de plante, 
Ethnopharmacologia, 36, 9-23. 

Marinova D., Ribarova F., Atanassova M., (2005) Total phenolics and total flavonoids in Bulgarian fruits and 
vegetables, Journal of the University of Chemical Technology and Metallurgy, 40(3), 255-260. 

Meenakshi S.M., Karthikeyan K., Sudarsanam D., Brindha P., (2010) Antimicrobial and Anticancer Studies on 
Euphorbia heterophylla, J. Pharm. Res., 3(9), 23-32.  

Mezni F., Slama A., Hedhli N., Khaldi A., (2022) Valorization of Anagyris foetida; determination of phenols, 
antioxidants and antifungal activity, J. Mater. Environ. Sci., 13(08), 945-954. 

Mezni F., Slama A., Khemiri H., Khaldi A., (2022) Fungicidal effect of Acacia salicina oils against three 
phytopathogenic fungi (Aspergillus sp.): effect of growing areas, J. Mater. Environ. Sci., 13(10), 1184-
1193. 

Miller N.J., Rice-Evans C., Davies M.J., Gopinathan V. & Milner A., (1993) A novel method for measuring 
antioxidant capacity and its application to monitoring the antioxidant status in premature Neonates, 
Clin. Sci., 84(4), 407-412. DOI: 10.1042/cs0840407  

Mosango D.M., (2008) Euphorbia heterophylla L. In: Schmelzer G. H. & Gurib-Fakim A., PROTA Ressources 
Végétales de l’Afrique tropicale 11(1), Wageningen, Pays-Bas. 

Muhammad K.J., Shajarahtunnur J., Norazah B., (2017) Antioxidant activity of leaf extracts of Globimetula 
braunii  (Engler) Van Tiegh parasitizing on  Piliostigma thonningii and Parkia biglobosa, J. Teknol.,  
79(5), 43–47. 

Nalule A.S., Mbaria J.M., Kimenju J.W., (2013) In vitro anthelmintic potential and phytochemical composition 
of ethanolic and water crude extracts of Euphorbia heterophylla Linn, J. Med. Plant Res., 7(43), 3202-
3210.  

Okeniyi S.O., Adedoyin B.J. and Garba S., (2012) Phytochemical Screening, Cytotoxicity, Antioxidant and 
Antimicrobial Activities of Stem and Leave Extracts of Euphorbia heterophylla, Bull. Env. 
Pharmacol. Life Sci., 1(8), 87-91. 

OMS, (2013) Stratégie de l’OMS pour la médecine traditionnelle pour 2014-2023, OMS : Hong-Kong, P 26. 
Pedneault K., Leonhart S., Angenol L., Gosselin A., Ramputh A., Arnason J.T., (2001) Influence de la culture 

hydroponique de quelques plantes médicinales sur la croissance et la concentration en composes 
secondaires des organes végétaux, Texte de conférence. Canada, 1-5. 

Perva Uzunalic A., Skerget M., Knez Z., Weinreich B., Otto F. et Grüner-Lempart S., (2006) Extraction of active 
ingredients from green tea (Camellia sinensis): Extraction efficiency of major catechins and caffeine, 
Food Chem., 96(4), 597-605. DOI: 10.1016/j.foodchem.2005.03.015  



 Adjémé et al., J. Mater. Environ. Sci., 2023, 14(4), pp. 462-474 474 
 

Pourmorad F., Hosseinimehr S.J., Shahabimajd N., (2006) Antioxidant activity, phenol and flavonoid contents 
of some selected Iranian medicinal plants, Afr. J. Biotechnol., 5 (11), 1142-1145.  

Sanchez Moreno C., Larrauri J.A. and Saura-Calixto F., (1998) A Procedure to Measure the Antiradical 
Efficiency of Polyphenols, J. Sci. Food Agric., 76, 270-276. http://dx.doi.org/10.1002/(SICI)1097-
0010(199802)76:2%3C270::AID-JSFA945%3E3.3.CO;2-0  

Saraka A.I., Camara D., Bene K., Zirihi G.N., (2018) Enquête ethnobotanique sur les Euphorbiaceae médicinales 
utilisées chez les Baoulés du District de Yamoussoukro (Côte d’Ivoire), J. Appl. Biosci., 26, 12734-
12748. https://dx.doi.org/10.4314/jab.v126i1.11  

Sarr S.O., Fall A.D., Gueye R., Diop A., Diatta K., Diop N., Ndiaye B. et Diop Y.M., (2015) Etude de l’activité 
antioxydante des extraits des feuilles de Vitex doniana (Verbenacea), Int. J. Biol. Chem. Sci., 9(3), 
1263-1269. DOI : http://dx.doi.org/10.4314/ijbcs.v9i3.11 

Soro Y., Kassi A.B.B., Bamba F., Siaka S., Toure S.A. and Coustard J.-M., (2012) Flavonoids and gallic acid 
from leaves of Santaloides afzelii (Connaraceae), Rasayan J. Chem., 5(3), 332-337. 

Soumahoro B., Soro Y., Kassi A.B.B., Siaka S., (2020) Etude comparative des caractéristiques phytochimiques 
des feuilles de Hyptis suaveolens avant et après extraction de l’huile essentielle, J. Soc. Ouest-Afr. 
Chim., 049, 1-8.  

Tabart J., Keversa C., Pincemail J., Defraingne J.-O., Dommesa J., (2009) Comparative antioxidant capacities 
of phenolic compounds measured by various tests, Food Chem., 113(4), 1226-1233. 
https://doi.org/10.1016/j.foodchem.2008.08.013  

Tostes J.B.F., Silva A.J.R., Kuster R.M., (2019) Isolation and characterization of polyphenols from Euphorbia 
heterophylla L. (Euphorbiaceae) leaves, Revista Fitos. Rio de Janeiro, 13(1), 49-60.  DOI 
10.17648/2446-4775.2019.696  

Uduak A.E., Kola K.A., (2010) Antimicrobial Activities of Some Euphorbiaceae Plants Used in the Traditional 
Medicine of Akwa Ibom State of Nigeria, Ethnobot. Leafl., 14, 654-664. 

Wellington E.O., Peters D.E., Onyeike E.N., (2019) Chemical composition of phytochemicals and essential oil 
of Euphorbia heterophylla, International Journal of Advanced Research and Publications, 3(11), 78-
85. 

Wood J.E., Senthilmohana S.T., Peskinb A.V., (2002) Antioxidant activity of procyanidin-containing plant 
extracts at different pHs, Food Chem., 77(2), 155–161.  

 
 

 
(2023) ;  http://www.jmaterenvironsci.com  

 


