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INTRODUCTION  

Originally from India, Nelumbo nucifera Gaertn. is an 

aquatic flowering plant of Nelumbonaceae family.[1,2] 

Commonly called Oriental lotus or sacred lotus,[3, 4] it is 

cultivated in all regions of the world.[3] In Côte d’Ivoire, 

it is found in the Bandama Valley and takes over three 

lakes in Yamoussoukro’s city.[5] All parts of N. nucifera 
are used in traditional medicine to relieve several 

diseases. The leaves are an excellent folk remedy for the 

treatment of insomnia, fever, mental disorders and 

obesity.[6] Rhizomes are used to relieve dysentery, 

hemorrhoids,[7] cholera and fever, smallpox.[8] The 

flowers find uses in the treatment of cholera, diarrhea, 

fever and ulcers.[9] This plant species has other 

therapeutic potentialities such as antifungal, antibacterial, 

antidiarrheal, anticancer, anti-inflammatory, 

anthelmintic, anti-obesity, antipyretic, anti-ulcer, diuretic 

antioxidants, hypoglycemic, liver protectant.[1-9] The 
literature indicates that these pharmacological properties 

may be due to the simultaneous presence of alkaloids, 

flavonoids, sterols, tannins and terpenes in the plant.
[8-12]

 

These results are mainly work on the Asian variety of N. 

nucifera. To date, few scientific data on samples from 

Côte d'Ivoire are known, despite their recurrent use in 

traditional medicine. This work, devoted to the 

phytochemical and antioxidant study, would contribute 

to the valorization of local species. 

 

MATERIAL ET METHODS  

Preparation of extracts 

The plant material consists mainly of leaves of N. 

nucifera. They were harvested in Yamoussoukro (6° 48' 
36 " North, 5° 17' 44" West) in February 2016. They 

were identified at the Floristic National Center (CNF) 

located at the University Felix Houphouet-Boigny 

(Abidjan / Cocody) by botanists according to existing 

herbaria. These organs were cleaned, dried in an air-

conditioned room (18° C) for 14 days, and then reduced 

to powder. 

 

30 g of powder of N. nucifera leaves were macerated in 

150 ml of methanol (MeOH, 80%, 3×24 h) at room 

temperature (25°C) with constant stirring. After filtration 
under vacuum, the filtrates were combined and then 

concentrated using a rotary evaporator (Büchi) at 40° C. 

The resulting aqueous extract was stored in a refrigerator 

(4°C) for 24 hours to precipitate the lipophilic 

compounds. After decantation and filtration, the aqueous 

extract was successively extracted with solvents (3 × 30 

ml), with increasing polarity: hexane (n-C6H14), 
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spectrophotometric method. The antioxidant capacity evaluated with respect to the DPPH, showed that ethyl 

acetate (RC50 = 0.012 µg / ml) and n-butanol extracts (RC50 = 0.0125 µg / ml) are significantly more active than 
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acetate and n-butanol extracts showed no significant difference with regard to vitamin C (RC50 = 0.0117 µg / ml), 
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chloroform (CHCl3), ethyl acetate (AcOEt) and n-

butanol (n-BuOH). The selective extracts obtained were 

used for phytochemical and antioxidant tests with respect 

to the stable 2,2-diphenyl-1-picrylhydrazyl radical 

(DPPH) by spectrophotometric method. 

 

Qualitative study 

Phytochemical screening was performed on TLC using 

methods described in the literature.[13, 14] The evaluation 

of the antioxidant capacity was carried out on TLC 

according to the methodologies described in the 

literature.[15, 16] 

 

Quantitative study 

The total polyphenol content was determined using the 

Folin-Ciocalteu colorimetric method described by 

Singleton and Rossi,[17] and slightly modified by 

N'guessan et al.[18] The determination of total flavonoids 
was performed according to the methodology described 

by Hariri et al.,[19] modified by Konan.[20] Anthocyanins, 

flavonols and flavones were assayed using the 

methodology described by Lebreton et al.,[21] reviewed 

by N'guessan et al.[18]. The permanganometric method 

developed by Leventhal and modified by Kursanov,[22] 

and spectrophotometric method[23] were used for the 

determination of total tannins. 

 

Permanganometric assay 

Stock solution: the sieved powder from leaves of N. 
nucifera (1 g) was taken up in 100 ml of boiling water. 

The solution was then heated in a water bath for 30 

minutes with constant stirring. After cooling and 

filtration, the decoction volume (A) was readjusted to 

100 ml with distilled water. 

 

Determination of phytophenols: in a flask containing 10 

ml of decoction, 750 ml of distilled water and 25 ml of 

indigo sulfuric acid were added respectively. The 

resulting solution was titrated with KMnO4 (0.1N) until 

the mixture turns golden yellow. Under the same 

conditions, a blank (without extract) was titrated. The 
total content of oxidized substances by KMnO4 

(percentage, %) was calculated according to the formula: 

 (1) 

 

V: volume (ml) of KMnO4 (0.02 mol / l) used for the 

titration of the extract of the total tannins; V1: volume 
(ml) of KMnO4 (0.02 mol / l) used for titration of white; 

M: mass (g) of sifted plant powder; 0.004157: quantity 

(g) of tannins corresponding to 1 ml of KMnO4 (0.02 

mol / l); 100: total volume (ml) of extraction; 10: volume 

(ml) of extraction taken for titration; w: loss (%) for the 

drying of sifted plant powder 

 

Determination of total tannins: 5 ml of gelatin (1%) in 

NaCl (10%) was added at decoction A (10 ml). The 

mixture was allowed to stand for 24 h. The tannins 

precipitated by the gelatin were separated by filtration. 

The filtrate (10 ml) was taken and titrated as described 

above. The content of oxidized compounds excluding 

tannins (X1), was calculated according to equation (1) in 

which V1 was replaced by V2 (volume of KMnO4 used 

for the titration after separation of the tannins). The total 

tannin content was determined according to equation (2):  

X2 = X - X1 (2) 
X2: TT content; X: total content of compounds oxidized 

by KMnO4;  

X1: content of compounds oxidized by KMnO4 without 

the tannins. 

 

Spectrophotometric assay  

After successive delipidation with petroleum ether (3 

hours) and CHCl3 (3 hours), 1g of sieved powder was 

macerated for 12 h in acetone (80%, 3 × 30 ml) with 

constant stirring. Amounts of 1 ml of filtrate were taken 

from two test tubes (A and B). In the tube (A) were 

added 5 ml of distilled water, 1 ml of ferric ammonium 
citrate and 1 ml of ammonia. In the tube (B) were 

introduced 6 ml of distilled water and 1 ml of ammonia. 

The test tubes were stirred for a few seconds using a 

vortex mixer. The absorbances of the mixtures were 

measured at 525 nm against the water taken as reference. 

The difference in absorbances between the values 

provided by the two assays was taken as the result. 

Quantification was performed against the calibration 

curve established from different concentrations of tannic 

acid. The total tannin content expressed in (%) mass of 

tannic acid relative to the dry matter, is equal to 

 
C: concentration (mg / ml) of tannic acid in the test 

solution, read from the calibration curve; m: mass (g) of 

the test sample; H: water content (%) of the test sample. 

 

Evaluation of the antioxidant capacity by 

spectrophotometric method 

The method of Blois,[24] recovery by Kabran et al.[25] was 

used to quantify the antioxidant potential of selective 

extracts. Vitamin C (ascorbic acid) has been used as a 

reference antioxidant. The percentage reduction of DPPH 

by the extracts, was calculated according to the following 
formula:  

Percentage reduction (% R) = [(Ab - Ae) / Ab] × 100[26] 

Ab: absorbance of the blank; Ae: absorbance of the 

sample 

The concentrations to reduce 50% of the DPPH (RC50) 

were determined with the Graph pad prism software. 

 

RESULTS AND DISCUSSION 

Qualitative profile 

TLC screened the hexanic, chloroformic, ethyl acetate 

and n-butanolic extracts for the preliminary chemical 

composition of N. nucifera leaves. 

 

TLC of hexane extract 

The families of secondary phytocompounds sought in 

this extract are sterols and terpenes. They have been 

identified with the reagents Liebermann-Bürchard and 

Godin and the sulfuric vanillin (Fig. 1). The solvent 
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gradient n-C6H14 / AcOEt (5: 2; v / v) was used as a 

migration solvent. 

 

 

 

 
*LB: Liebermann Bürchard’s reagent; GR: Godin’s reagent 

Figure 1: TLC profiles of the hexane extract. 

 

The brown (Rf = 0.21; 0.27; 0.55; 0.89) molecular 

fingerprints in the visible, and yellow, yellow-green (Rf 

= 0.21; 0.27; 0.35; 0.38; 0.49; 0.55; 0.86) under UV / 

365 nm[27] revealed with the Liebermann-Bürchard 
reagent indicate the presence of sterols. As for those of 

violet colorations in the visible (Rf = 0.07; 0.94), and 

yellow-orange, violet (Rf = 0.15; 0.92) under UV / 365 

nm with the same developer,[28] show the existence of 

terpenes. The copresence of sterols and terpenes was 

confirmed by Godin's reagent and sulfuric vanillin in 

blue, violet, pink (Rf = 0.07; 0.15; 0.55; 0.89), and 

violet, pink, orange (Rf = 0.07; 0.55) in the visible and 

UV / 365 nm respectively for sterols and terpenes.[27] 

 

TLC of the chloroformic extract 
Coumarins, saponins, flavonoids and alkaloids have been 

sought in this extract. The developing solvent used was 

CHCl3 / AcOEt / n-C6H14 (5: 6: 2.5; v/v/v). Antimony 

chloride (SbCl3) shows[29] steroid-type saponins in 

yellow (Rf = 0.13; 0.41; 0.48) and triterpenes spots in 

pink-violet (Rf = 0.02; 0.08; 0.16) (Fig. 2). 

 

 
Figure 2: TLC profiles of the chloroform extract. 

 

Coumarins were detected with methanolic KOH (5%) in 

yellow, pink, blue and fluorescent blue[30] (Rf = 0.07; 

0.35; 0.41; 0.46; 0.55; 0, 75); and brown (Rf = 0.07; 

0.13; 0.75) with Dragendorff’s reagent (Fig. 2). This 

reagent reveals alkaloids[27] in orange and yellow (Rf = 

0.02; 0.13; 0.16; 0.24; 0.28; 0.35; 0.54). Flavonoids were 

revealed with Neu’s reagent[29] in yellow, red, 
fluorescent yellow and blue (Rf = 0.02; 0.1; 0.13; 0.16; 

0.24; 0.28; 0.41; 0.47; 0.53; 0.56; 0.68; 0.77) in the 

extract. These results do not contradict those reported in 

the literature. Other works report the richness of N. 

nucifera leaves in flavonoids.[6, 12, and 31] 

 

TLC ethyl acetate extract 

The AcOEt / MeOH / H20 / n-C6H14 gradient (5: 1: 0.5: 

0.5, v / v / v / v) was used to develop the 

phytoconstituents contained in the ethyl acetate extract. 
Coumarins, flavonoids and phytophenols were targeted 

(Fig. 3). 
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The coumarins were visualized in yellow and orange (Rf 

= 0.04; 0.43; 0.49; 0.71) with visible KOH (5%, m / 

v).[30] In UV at 365 nm, the Neu reagent made it possible 

to distinguish flavonoids[29] in fluorescent yellow, pink, 

orange and blue fluorescent (Rf = 0.03; 0.05; 0.07; 0.09; 

0.15; 0.43; 0.48; 0.61; 0.70; 0.74; 0.78) in the ethyl 

acetate extract. Phenolic acids (Rf = 0.06; 0.10; 0.14; 

0.22; 0.29; 0.39; 0.45; 0.69) were revealed with FeCl3 

(2%) in green prints and tannins (0.04) in gray print.[27] 

 

 
 

TLC of the n-butanol extract 

The developing solvent employed is an AcOEt / EtOH / 

AcOH / H2O mixture (5.5: 1.4: 0.6: 1.5, v / v / v / v). The 

secondary metabolites targeted were flavonoids and 

tannins (Fig. 4). 

 

 
Figure 4: TLC profiles of n-butanol extract. 

 

Tannins (Rf = 0.41; 0.55; 0.58, 0.77; 0.98) were revealed by the FeCl3 to 2% by gray spots.[27] The Neu’s reagent 

allowed to detect flavonoids[29] under orange (Rf = 0.74; 0.79; 0.99) in the visible and yellow, blue, green and blue 

fluorescent (Rf = 0.06; 0.09; 0.15; 0.38; 0.42; 0.54; 0.74; 0.79; 0.92; 0.99). 

 

The phytochemical composition of the organic extracts 

of the leaves of N. nucifera suggests that these organs 

contain a variability of secondary metabolites with a 

predominance of flavonoids and alkaloids. The co-

presence of these biomolecules in N. nucifera is believed 

to be at the origin of the many therapeutic properties 

conferred on it. Published works on the species of 
Nepal,[1] India[6,31] and China[10,32] demonstrate the 

richness of this species in flavonoids and alkaloids. 

 

 

TLC screening for antioxidant activity 

Figure 5 illustrates the antioxidant potential with respect 

to DPPH; this is probably due to co-presence of 

secondary metabolites contained in the N. nucifera 

selective extracts. 
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Figure 5: Antioxidant profiles of N. nucifera extracts. 

 

The presence of pale yellow spots in TLC results from 

areas of radical activity.[15] This suggests the antioxidant 

behavior of selective extracts against the DPPH radical. 
The correlative link between Figures 1-4 and 5 leads to 

deducing that the zones of antiradical activity in the 

hexane extract are due to sterols (Rf = 0.21; 0.86) and 

terpenes (0. 55 ; 0.92). 

 

The pale yellow areas of antiradical activity of the 

chloroform extract would be due to coumarins (Rf = 

0.07; 0.13; 0.47; 0.75) and flavonoids (Rf = 0.02; 0.13; 

0.16; 0.24; 0.28; 0.48; 0.53; 0.68). With regard to the 

ethyl acetate extract, its antioxidant activity seems to be 

caused by the coexistence of tannins (Rf = 0.04), 
phenolic acids (Rf = 0.06; 0.10; 0.14; 0.22; 0.29; 0.39; 

0.45; 0.69) and flavonoids (Rf = 0.05; 0.15; 0.43; 0.48). 

For the n-butanol extract, the scavenging activity would 

be those areas tannins (Rf = 0.41; 0.55; 0.58; 0.77) and 

flavonoids (Rf = 0.38; 0.42; 0.54; 0.74; 0.79; 0.92; 0.99), 

which would be responsible for its antioxidant potential. 

 

Quantitative analysis 

Total phytophenol content 

The total polyphenol content obtained from leaves of N. 

nucifera is 12992 μg GAE / g DM. It is higher than that 

of Nymphae lotus (6686.30 μg GAE / g DM),[14] an 
Ivorian aquatic plant. In addition, this content is more 

significant than those oscillating between 3493.17 and 

7818.66 μg GAE / g DM,[13] determined from 10 Ivorian 

hypotensive plants considered rich in polyphenols and 8 

plants used in the treatment of breast cancer in Côte 

d’Ivoire.[14] The total polyphenol content (12992 μg GAE 

/ g DM) makes leaves of N. nucifera a potential source of 

phenolic compounds. 

 

Total flavonoid content 

The total flavonoid content recorded in the leaves of N. 
nucifera is 4.49%. This value confirms the existence of 

flavonoids, which were detected by TLC screening 

(Figures 1 - 4). Flavonoids are known to be excellent 

antioxidants. Their existence in the leaves of N. nucifera 

could be the rational argument that would justify the 

many uses of this species of aquatic plant in traditional 

medicine in Côte d'Ivoire.[2, 3] Considering their aquatic 
habitat, the leaves of N. nucifera are less rich in 

flavonoids than those of N. lotus (13.98%). 

 

Content of anthocyanins and flavonic aglycones 

The contents of anthocyanins and flavonic aglycones in 

N. nucifera leaves are 0.86 and 1.87 mg / g, respectively. 

These results confirm those from the phytochemical 

screening by TLC (Figures 1-4), and strengthen the 

approach that the existence of flavonoids is believed to 

cause medicinal properties of N. nucifera. 

 

Total tannin content 

The literature reports that permanganatometry[34, 35] and 

spectrophotometry[36] are used to determine total tannin 

contents in a plant matrix. The total tannin content 

recorded using permanganometry is 16.99%, and is twice 

as high when calculated using ammonium ferric citrate 

(8.72%). This difference seems to be mainly due to a 

strong action of the KMnO4 solution titrated to oxidize 

the secondary metabolites of a complex mixture. In 

general, she overestimates the results.[22, 37 and 38] 

 

Spectrophotometric measurement of the antioxidant 

capacity 

The antioxidant activity of N. nucifera leaf extract 

extracts, expressed as a percentage (%) of DPPH 

reduction at different concentrations, was evaluated (Fig. 

6). The results of this evaluation were expressed by 

calculating the median reduction concentrations (RC50). 
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HEX : hexanic extract  AcOEt : ethyl acétate extract 

CHLORO : chloroformic extract n-BUTA : butanolic extract VIT C: vitamine C 

Figure 6: Antioxidant profiles of N. nucifera leaves extract. 
 

The ethyl acetate and n-butanol extracts showed good 
DPPH radical scavenging activity. However, the 

reduction percentages of these extracts are slightly lower 

than those of vitamin C. Moreover, the RC50 of hexanic 

and chloroformic extracts (0.11 and 0.05 μg / ml) are 

significantly lower than those of ethyl acetate and n-

butanolic extracts (0.001 and 0.012 μg / ml) and vitamin 

C (0.001 μg / ml). This clearly indicates that they have 

stronger radical scavenging activity than hexanic and 

chloroformic extracts. These results confirm the TLC 

detection of antioxidant activity (Fig. 5). This notable 

antioxidant activity of ethyl acetate and n-butanolic 

extracts is related to their richness in total phytophenols. 
These results are comparable to those obtained with the 

Asian species of N. nucifera, phytochemical 

composition[1, 6 and 10] and antiradical potential.[12] 

 

CONCLUSION 

Phytochemical screening of four selective leaf extracts of 

N. nucifera revealed several molecular families 

(alkaloids, coumarins, flavonoids, phenolic acids, 

saponins, sterols, tannins and terpenes). Quantification of 

phytophenols by permanganometric and 

spectrophotometric methods showed that N. nucifera 
leaves were rich in phenolics and tannins, but with a 

predominance of flavonoids. Finally, the antioxidant 

capacity evaluated against DPPH showed that the leaves 

of N. nucifera contain antioxidant compounds, which 

would constitute a renewable natural alternative to 

synthetic food additives. These phytoconstituents could 

be isolated and elucidated their structures to better 

understand the activity-structure relationship. 
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