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Abstract 

Objective: This work aimed to determine the phytochemical composition of Ceiba pentandra, and to 

evaluate its antioxidant properties in-vitro. 

Method: The study of the chemical composition was done by chromatography (LC-MS) and the 

evaluation of the antioxidant activity was done by DDPH, ABTS and FRAP methods. 

Result: Phytochemical analysis of extracts led to the identification of 18 compounds. The study of the 

antioxidant activity showed that aqueous fruits extract, hydroethanolic leaves’ extract and the decoction 

of the mixture of leaves and roots has the best antioxidant activity respectively on FRAP (IC50 = 13.91 μg 

/ mL), ABTS (IC50 = 14.81 μg/mL) and DPPH (IC50 = 11.13 μg / mL) method. 

Conclusion: Studies carried out on Ceiba pentandra extracts show the diversity of secondary metabolites 

in this species and significant antioxidant activity. 

 

Keywords: Ceiba pentandra, chromatographic profiles, quantitative assays, antioxidant activity 

 

1. Introduction 

Human beings are often exposed to various diseases, the cause of which could be an excessive 

presence of free radicals in their bodies, which could lead to quick and premature aging of 

cells thereby facilitating the emergence of various diseases such as atherosclerosis, 

inflammatory problems, the aging process, cardiovascular and pulmonary diseases, cancers, 

diabetes 
[1]

. Thus, the best protection against this phenomenon seems to be therapeutic plants 

with antioxidant properties. The best way of loading the body with antioxidants is through 

consumption of natural plants. Some plants have proven to possess exceptional antioxidant 

properties which can fight harmful elements that tend to weaken the body. However, numerous 

intervention studies carried out with antioxidants poorly consumed did not yield the 

spectacular results expected in the prevention of complications associated with this pathology. 

This is why researchers at the University of Douala have made research on plants with 

antioxidant properties a priority. Hence, our main objective is to study the antioxidant 

activities of the extracts of the roots (R), leaves (Fe), barks (E) and fruits (Fr) of Ceiba 

pentandra (L.) Gaertn, a plant of the African pharmacopoeia known for its antioxidant 

properties 
[2]

 and compare this activity to that of the decoction of a mixture of roots and leaves 

(R + Fe) of the same plant. As specific objectives, we studied the chemical composition of the 

methanolic extracts of the different parts of the plant, we also determine their total polyphenol, 

total flavonoid and condensed tannin contents before to evaluate antioxidant activity of their 

aqueous, ethanolic and hydro-ethanolic extracts. 

 

2. Materials and Method 

2.1. Plant Material 
The plant material consisted of the leaves (Fe), trunk bark (E), roots (R) and fruits (Fr) of 

Ceiba pentandra (L.) Gaertn. The plant was collected in Ebolowa, in the South region of 

Cameroon in 2021.  
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It was authenticated by the botanist, Mr Nana Victor at the 

National Herbarium of Cameroon by comparison with an 

existing specimen referenced under the number 43623HNC. 

 

2.2. Preparation of extracts 

The various parts of Ceiba pentandra (L.) Gaertn were cut, 

dried in the shade and ground using an artisanal mill. 01 kg of 

each powder was macerated for 72 hours in 03L of each of the 

following solvents and solvent system: Methanol, Water, 

Ethanol and Ethanol-water mixture in the proportions (70:30). 

In addition, a decoction of a mixture of 500g of the powdered 

leaves and 500g of powdered roots was also prepared by 

boiling them in 03 L of water. All the extracts were filtered 

under vacuum and then concentrated using a rotary 

evaporator. The chromatographic profiles, total polyphenol, 

flavonoid and condensed tannin contents as well as the 

antioxidant activity of the different extracts were determined.  

 

2.3. LC-MS analysis 

LC-MS was used for the identification of bioactive 

compounds at the Higher Teachers Training College, of the 

University of Yaounde I, using a Compact Bruker (UPLC-

ESI-TOF-MS) on a waters synapt G2-S HDMS spectrometer 

coupled to a UPLC d ' acquity central (waters, Manchester, 

UK), consisting of binary solvent handler, sample handler and 

2 × 150 mm column. The compounds were characterized by 

liquid chromatography coupled to mass spectrometry 

according to the method described by Abay and collaborators 

and by comparison with literature data 
[3]

. 

 

2.4. Quantitative analysis 

2.4.1. Determination of the total polyphenolic content 

The total polyphenolic content was determined by 

spectrophotometry, using the Folin-Ciocalteu reagent. The 

process is based on the quantification of the total 

concentration of hydroxyl groups present in the extract. The 

protocol used is that described by Singleton et al. 
[4]

. Briefly, 

in glass hemolysis tubes, a volume of 500 µL of each extract 

was added, with a mixture of 1mL of Folin-Ciocalteu 's 

reagent diluted 10 times, and 800 µL of a 7.5% sodium 

carbonate solution (added 04 min later). The tubes were 

shaken and kept for 30 min. Absorbance was read at 765 nm. 

A calibration curve was produced in parallel under the same 

operating conditions using gallic acid at different 

concentrations (0 to 1000 μg /mL).  

 

2.4.2. Determination of the total flavonoid content 
The quantification of flavonoids was carried out by a method 
based on the formation of a very stable complex between 
aluminum chloride and the oxygen atoms present on carbons 
4 and 5 of the flavonoids 

[5]
. The protocol used is based on 

that described by ZHISHEN and collaborators and by KIM 
and collaborators 

[6, 7]
, with some modifications. In a glass 

hemolysis tube, 500 µL of extract, or standard, or distilled 
water for the control, were added to 200 µL of 5% NaNO2. 

After 5 minutes, 200 μL of 10% AlCl3 were added, and the 
medium mixed vigorously. After 6 minutes, a volume of 1000 
μl of 1 M NaOH was added to the medium. The absorbance 
was read immediately at 510 nm against the control. A 
methanolic solution of Quercetin was prepared. Daughter 
solutions prepared from the stock solution at different 
concentrations between 0 and 1000 µg /mL were used in 
plotting of the calibration curve. 

 

2.4. 3. Determination of condensed tannin content: This 

study was carried out by the vanillin method combined with 

hydrochloric acid. This method depends on the reaction of 

vanillin with the terminal flavonoid group of condensed 

tannins and the formation of red complexes 
[8, 9]

. This is 

explained by the property of tannins to be transformed into 

red-colored anthocyanidins by reaction with vanillin 
[10]

. The 

content of condensed tannins was determined by the vanillin 

method described by JULKUNEN-TITTO 
[11]

. A volume of 

500 µL of each extract was added to 1500 µL of the 4% 

vanillin/methanol solution, then mixed vigorously. This was 

followed by addition of 750 µL of concentrated hydrochloric 

acid (HCl). The mixture obtained was left to react at ambient 

temperature for 20 min. Absorbance was measured at 550 nm 

against a white background. Different concentrations between 

0 and 1000 μg /mL prepared from a stock solution of catechin 

were used in plotting the calibration curve.  

 

2.5. Evaluation of the antioxidant activity 

2.5. 1. DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. 
To 01 mL of DPPH solution of concentration 0.3 mM, 50 µL 
of each extract and of trolox previously prepared at different 
concentrations (250, 125, 62.5, 31.25, 15.62, 7.81 µg/mL) are 
added separately. For each concentration, the test is repeated 
3 times. The reaction mixtures are incubated at 37°C for 30 
min in the dark and at room temperature and the absorbance 
of each solution is measured at 517 nm using a 
spectrophotometer. The positive control is represented by a 
solution of a standard antioxidant, trolox, prepared at the 
same concentrations as the extract 

[12]
. 

 

2.5.2. ABTS (2, 2-azino-bis-3-ethylbenzothiazoline-6-

sulfonic acid radical) assay. 
In practice, the ABTS cationic radical is generated by mixing 
10 mL of ABTS (7 mM) in H2O with 5 mL of potassium 
persulfate (2.45 mM) and the whole kept away from light at 
room temperature for 12 to 16 hours. The solution obtained is 
diluted with ethanol until an absorbance of 0.70 at 734 nm is 
obtained. The next step is the addition of 1.5 mL of this 
freshly prepared solution to 50 µL of each sample and to the 
trolox, at different concentrations (250 - 125 - 62.5 - 31.25 - 
15.62 - 7.81 µg /mL). The absorbances are measured at 734 
nm after incubation for 10 minutes in the dark at room 
temperature. Three tests are carried out for each concentration 
of product tested 

[13]
. 

 

2.5.3. FRAP (ferric reducing ability of plasma) assay. 
Practically, 0.4 mL of the sample and ascorbic acid taken as 

reference at different concentrations (250, 125, 62.5, 31.25, 

15.62, 7.81 μg/mL) is mixed with 1 mL of phosphate buffer 

(0.2 M; pH=6.6) and 1 ml of potassium hexacyanoferrate 

[K3Fe(CN)6] at 1%. After incubating the mixture at 50°C for 

30 minutes, 1 mL of 10% trichloroacetic acid was added and 

the tubes centrifuged at 3000 rpm for 10 minutes. Finally, 1 

mL of the supernatant from each tube was mixed with 0.2 mL 

of a 0.1% FeCl3 solution and left to stand in the dark for 30 

minutes before measuring the absorbances at 700 nm 
[14]

. 

 

2.6. Statistical analyzes 

The data were represented as mean±standard error of the 

mean (SEM) on Excel 2019 workbook. Ordered analysis of 

variance of data was done using GraphPad software Prism, 

version 8.01 followed by Tukey's post-test for one-way 

variables, or Bonferroni 's post-test for two-way variables. 

Antioxidant activity assays were analyzed after data 

normalization. A value of p < 0.05 was considered 

statistically significant. 
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3. Result 

3.1. Chromatographic profiles of methanolic extracts of 

Ceiba pentandra L. Gaertn  
The chromatographic profiles of the methanolic extracts of 

Ceiba pentandra L. Gaertn were studied in order to know the 

chemical composition of each part of the plant. The 

chromatograms obtained (FIGS. 1, 2, 3 and 4) revealed the 

presence of several compound peaks (m/z) as a function of the 

retention time (Rt) expressed in minutes. 

The order of appearance of these compounds is linked to the 

polarity of the molecules and type of column used. The more 

polar compounds were eluted first from the column and 

detected later while others could not be identified (Nd). 

The chromatographic profiles of the studied extracts show 

that the chemical compositions of the methanolic extracts of 

the barks and the leaves are slightly different while the roots 

and the fruits have exactly the same chemical composition. 

 

 
 

Fig 1: Chromatographic profile of the methanolic extract of Ceiba pentandra L. Gaertn bark 
 

 
 

Fig 2: Chromatographic profile of the methanolic extract of Ceiba pentandra L. Gaertn leaves 

24   
5 
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Fig 3: Chromatographic profile of the methanolic extract of Ceiba pentandra L. Gaertn fruits 

 

 
 

Fig 4: Chromatographic profile of the methanolic extract of Ceiba pentandra L. Gaertn roots 
 

Among the compounds detected, 10 were identified according 

to the ratio (Rt ; m/z) for the leaves, 10 for the barks, 09 for 

the fruits and 09 for the roots. The compounds identified in 

the fruit and root extracts are identical while β- sitosterol was 

identified in the bark extract and but absent in the leaf extract. 

There are therefore a total of 18 different compounds 

identified for the four extracts. The structures of the 

compounds identified are recorded in the appendix, while the 

names of the compounds identified are recorded in Tables 1 

and 2. 

 



 

~ 107 ~ 

Journal of Pharmacognosy and Phytochemistry https://www.phytojournal.com 
Table 1: Identification of the chemical compounds of the methanolic extract of bark and leaves of Ceiba pentandra L. Gaertn 

 

Order 
(Rt ; m/z) Nomenclature Raw formulas Family of compounds References 

Barking Sheets 

2 1' (0.78; 182. 9627) 
(R)-6-[(Z)-1-heptenyl]-5,6-dihydro-2H-

pyran-2-one 

C12H18O2 _ _ 

_ _ _ 
Lactone [15] 

6 5' (1.75; 453.2719) , δ-tocopherol C 29 H 50 O 2 Tocopherol [16] 

7 - (1.96; 437.2368) β-sitosterol C 29 H 50 W Steroid [17] 

- ten' (2.64; 485, 2916) Cyanidin 3-O-glucoside C 9:21 PM __ Anthocyanin [18] 

13 12' (2.96; 425.2637) lupenone C30H48O _ _ _ Triterpenes [19] 

14 13' (3.15; 439.2793) β, γ-tocopherol C 28 H 48 O _ Tocopherol [16] 

16 15' (3.48; 387,1083) Cleomyscosin A D 20 h 18 S _ Coumarin [20] 

18 17' (3.71; 269.0815) Heptadecenoic acid C 5:32 PMO 2 _ Fatty acid [21] 

26 24' (4.90; 257.0805) Hexadecanoic acid C 16:32 O 2 _ Fatty acid [22] 

 
Table 2: Identification of chemical compounds of the methanolic extracts of the fruits and roots of Ceiba pentandra L. Gaertn 

 

Order 
(Rt ; m/z) Nomenclature Raw formulas Family of compounds References 

Fruits Roots 

2 2' (1.97; 449.1790) Luteolin-7- O - β -D-glucoside C 9:20 p.m. M 11 _ Flavone [23] 

3 3' (2.25; 331.0818) Tricine C 5:14 PM _ _ _ Flavone [23] 

5 5' (2.77 ; 255.0659) Palmitoleic acid C 16 H 30 O _ Fatty acid [24] 

7 7' (3.15 ; 439.2794) β, γ-tocopherol C 28 H 48 O _ Tocopherol [16] 

8 8' (3.44; 493.1868) vavain-3'- O - β-D -glucoside C 23 H 24 O 12 isoflavonoid [25] 

11 11' (4.13; 453.3) Cinchonaine la, lb C 24 H 20 O 9 Flavonolignane [26] 

13 13' (4.77) Verbascoside  phenylpropanoid [27] 

 

3.3. Quantitative characterization of plant extracts 

The total polyphenols, total flavonoids and condensed tannin contents are given in the table below. 

 
Table 3: Content of total polyphenols, total flavonoids and condensed tannins in the extracts of Ceiba pentandra L. Gaertn 

 

Extracts Total polyphenols (μg EAG/mL) Total flavonoids (μg EQ/mL) Condensed Tanins (μg ECAT /mL) 

FeEtOH 25,540±0,04b 5,940±0,4 0,494±0,07a 

FeEtOH/H2O 47,846±0,19c 21,573±0,5c 0,308±1,1a 

FeH2O 20,713±0,12a 1,623±0,57a 0,194±0,23 a.m 

REtOH 17,326±0,18 a.m 6,670±0,33 a.m 0,731±0,18 b 

REtOH / H2O _ 24,186±0,29 a.m ±0,27 a.m 0,636±0,19 b 

EEtOH 23,880±0,32a 5,530±0,03a 0,702±1,14b 

EEtOH/H2O 35,353±0,11b 13,410±0,03b 0,703±0,19b 

EH2O 34,200±0,04b 6,550±0,08a 0,589±0,15a 

FrEtOH 27,846±0,21b 4,586±0,19a 0,517±0,08a 

FrEtOH/H2O 18,736±0,038a 3,380±0,31a 0,625±0,04b 

FrH2O 21,640±0,34a 4,253±0,09a 1,311±0,21c 

R+Fe 52,226±0,28c 14,050±0,06b 0.527±0.04A 

 

3.3.1. Total polyphenol content 

The content of total polyphenols estimated by the Folin-

Ciocalteu method for each extract was established from a 

standard range with different concentrations of gallic acid. 

The standard equation for the calibration curve is: y = 

0.0001x + 1.7192 with R² = 0.9428 (Appendix, Figure 17). 

The results obtained are expressed in μg equivalent of gallic 

acid per milliliter of extract solution. From these results, it can 

be seen that all the plant extracts studied are rich in 

polyphenols but by different amounts. The results (Table 3) 

show that the aqueous extract from the decoction of the 

mixture of leaves and roots has the highest content of 

polyphenols (52.226±0.28 μ g EAG/mL) followed by the 

hydroalcoholic extract of the leaves FeEtOH/ H2O 

(47.846±0.19 μg EAG /mL). 

The polyphenol contents of the aqueous fraction of the leaves 

(FeH2O), hydroethanolic fraction of the fruits (FrEtOH /H2O), 

and ethanolic fractions of the roots are the lowest with 

respective values of 20.713±0.12 μg EAG /mL; 18.736±0.03 

μg EAG/mL and 17.336±0.18 μg EAG/mL. 

 

 

3.3.2. Total flavonoid content 
The total flavonoid content was estimated from a standard 

range of standards established with different concentrations of 

quercetin. The equation for the standard calibration curve is: y 

= 0.0001x + 0.0767; R² = 0.7937 (ANNEX, figure 18). The 

results obtained, expressed in μg equivalent of Quercetin per 

mL of extract (μg EQ/mL of extract), are presented in Table 

3. The flavonoid content fluctuates between 21.573±0.5 μg 

EQ/mL and 3.880±0.31 μg EQ/mL respectively for the 

hydroethanolic fractions of the leaves (FeEtOH/H2O) and the 

hydroethanolic fractions of the fruits (FrEtOH /H2O). It 

should be noted however that the hydroethanolic fractions of 

the leaves and the decoction of the mixture of leaves and roots 

have the highest values in flavonoids, compared to the other 

extracts. The respective values are 21.573±0.5 μg EQ/mL and 

14,050±0.06 μg EQ/mL. 

 

3.3. 3. Condensed tannin content 

The condensed tannin content was determined by the vanillin 

method. For each extract from an established standard range 

with different concentrations of catechin. The equation for the 

standard calibration curve is: y = 0.0046x + 0.585; R² = 
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0.933. (ANNEX, Figure 19). The results obtained (Table 3), 

show that the condensed tannin contents vary between 

1.311±0.21 μ g ECAT/mL and 0.194±0.23 μ g ECAT/mL 

respectively for the aqueous fractions of the fruits (FrH2O) 

and leaves (FeH2O). The highest content of tannins is that of 

the aqueous fraction of the fruits (1.311±0.21 μg ECAT /mL 

of extract.), followed by the ethanolic fraction of the roots 

(0.731±0.18 and μg ECAT /mL of extract). The lowest tannin 

contents are attributed to leaf extracts with values of 

0.494±0.07 μg ECAT /mL for the ethanolic extract (FeEtOH); 

0.308±1.1 μg ECAT/mL for the hydroalcoholic extract 

(FeEtOH/H 2 O) and 0.194±0.23 μg ECAT /mL for the 

aqueous extract (FeH2O).  

 

2.4. Antioxidant activity 

2.4.1 DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical 

scavenging 

The DPPH radical abundance inhibition test on the root, leaf, 

bark and fruit extracts of Ceiba pentandra L. Gaertn is shown 

in figures 5, 6, 7 and 8 respectively. 

 

 
0 

Fig 5: Absorbance of the DPPH radical by trolox and the ethanolic, aqueous and hydroethanolic extracts of the roots of Ceiba pentandra 

 

 
 

Fig 6: Absorbance of the DPPH radical by trolox and ethanolic, aqueous and hydroethanolic extracts of Ceiba pentandra leaves 
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Fig 7: Absorbance of the DPPH radical by trolox and ethanolic, aqueous and hydroethanolic extracts of Ceiba pentandra bark 
 

 
 

Fig 8: Absorbance of the DPPH radical by trolox and ethanolic, aqueous and hydroethanolic extracts of Ceiba pentandra fruits 

 

Their analysis reveal that almost all the extracts exhibit 

antioxidant activity at certain concentrations. 

The hydroalcoholic extract of the roots (REtOH /H2O) and the 

aqueous extract of the barks (RH2O) show activities similar to 

those of trolox at all concentrations except at 7.81 μg/mL. 

For the leaves, we note a trapping activity greater than that of 

trolox for the ethanolic extracts (FeEtOH) at the 

concentrations of 15.62 μg/mL, 31.25 μg /mL, 125 μg / mL, 

and 250 μg /mL; for the hydroethanolic extract 

(FeEtOH/H2O) at the concentrations of 15.62 μg/mL and 

31.25 μg /mL with significant values of P (0.0001) for the two 

extracts at these concentrations and finally for the aqueous 

extract of the leaves (FeH2O) at a concentration of 125 μg 

/mL. On the other hand, at a concentration of 250 μg/mL, the 

hydroethanolic extract (FeEtOH /H2O) behaves similar to 

trolox (P > 0.9999) 

For the barks, the aqueous extract (EH2O) showed higher 

activity than that of trolox at all concentrations (P<0.0001). 

The same is true for the ethanolic EEtOH and hydroethanolic 

(EEtOH /H 2 O) extract at a concentration of 125 μg/mL. 

However, at 250 μg /mL, their activities are similar to those of 

trolox with respective P values of 0.8146 and 0.9080. 

With regards to the fruits, the ethanolic (FrEtOH) and 

hydroethanolic (FrEtOH/H2O) extracts showed higher 

activities than that of trolox at concentration of 31.25 μg /mL; 

while at 125 μg /mL and 250 μg /mL, the activities of all the 

fruit extracts exceed those of trolox with a highly significant P 

value (P<0.0001). 

 However, the extract from the decoction of the mixture of 

roots and leaves (R+Fe) shows better activity than that of 

trolox at concentrations of 62.5 μg / mL, 125 μg /mL and 250 

μg/mL, with a highly significant P value equal to 0.0001 at 
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each of the concentrations. In order to better appreciate the 

scavenging activities and to determine the extract with the 

best trapping activity, we determined the IC50 values for each 

extract as shown in table 4 below 

 
Table 4: IC 50 values and correlation coefficients of Ceiba pentandra extracts for the DPPH test 

 

Extracts REtOH REtOH/H2O RH2O FeEtOH FetOH/H2O FeH2O EEtOH 

IC50(DPPH) 37,73 14,36 33,81 26,70 13,65 38,8 35,21 

R square 0,91 0,91 0,90 0,93 0,96 0,99 0,93 

Extracts EEtOH/H2O EH2O FrEtOH FrEtOH/H2O FrH2O R+Fe Trolox 

IC50(DPPH) 33,05 15,55 26,00 32,43 15,40 11,13 18,69 

R square 0,92 0,97 0,91 0,91 0,95 0,99 0,98 

 

These results show that the extract from the aqueous 

decoction of the leaves and roots (R+Fe) has the best activity, 

IC 50 = 11.3 μg/mL, followed by the hydroethanolic extract of 

the leaves (FetOH/H2O), IC 50 = 13.65 μg/mL, hydroethanolic 

extract of the roots (REtOH /H2O) IC 50 = 14.36 μg/mL, and 

aqueous extract of fruits, IC 50 = 15.40 μg/mL, compared with  

trolox, IC 50 = 18.69 μg/mL, used as reference. 

 

2.4.2. ABTS 

The results of the ABTS radical abundance inhibition test by 

the extracts of C. pentandra are given by figures 9, 10, 11 and 

12. 
 

 
 

Fig 9: Absorbance of the ABTS+ cation by trolox and ethanolic, aqueous and hydroethanolic extracts of Ceiba pentandra roots 

 

 
 

Fig 10: Absorbance of the ABTS+ cation by trolox and ethanolic, aqueous and hydroethanolic extracts of Ceiba pentandra leaves 
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Fig 11: Absorbance of the ABTS+ cation by trolox and ethanolic, aqueous and hydroethanolic extracts of Ceiba pentandra bark 

 

  
  

Fig 12: Absorbance of the ABTS+ cation by trolox and ethanoli c, aqueous and hydroethanolic extracts of Ceiba pentandra fruits 
 

 

 T 0  heir analysis shows on the whole, the inactivity of the 

barks   and the fruits. On the other hand, the extracts (R+Fe) 

and FeEtOH/H2O exhibit activities similar to those of trolox 

at concentrations of 15.62 μg /mL; 31.25 mcg / mL; 62.5 μg / 

mL; 125 μg/mL with respective P values of 0.9872, 0.9774, 

0.2441, 0.9987 for the decoction and 0.9630; 0.9066; 0.6251; 

0.9227 for the hydroalcoholic extract of the leaves. A better 

activity than that of trolox was for the aqueous extract of the 

roots at concentrations of 7.81 µg / mL and 31.25 µg /mL 

with a very significant P value of 0.0001 at these two 

concentrations. 

The determination of the IC50 values, (Table 5) revealed that 

the hydroethanolic extract of the leaves had the best 

antiradical activity with ABTS 
+
 (IC

 
50 = 14.81 μg/mL), 

followed by the (R + Fe) extract with (IC50 = 16.69 μg / mL). 

These two extracts are more active than trolox (IC50 = 19.77 

μg / mL) used as a reference. 
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Table 5: IC 50 values and correlation coefficients of C. pentandra extracts for the ABTS test 

 

Extracts REtOH REtOH/H2O RH2O FeEtOH FeEtOH/H2O FeH2O EEtOH 

IC50 (ABTS) 33,66 38,99 33,95 34,85 14,81 31,09 37,48 

R square 0,97 0,96 0,92 0,99 0,97 0,95 0,99 

Extraits EEtOH/H2O EH2O FrEtOH FrEtOH/H2O FrH2O R+Fe Trolox 

IC50 (ABTS) 37,02 47,93 36,76 46,91 34,54 16,69 19,77 

R square 0,98 0,99 0,96 0,92 0,96 0,98 0,92 

 

Ferric Reductive Antioxidant Potential (FRAP) 

The iron-reducing antioxidant power of Ceiba pentandra  

extracts is presented in the following figures 13, 14, 15 and 

16. 

 

 
 

Fig 13: reducing power of the ferric ion Fe3+ of trolox and ethanolic, aqueous and hydroethanolic extracts of the roots of Ceiba pentandra 
 

 
 

Fig 14: reducing power of the ferric ion Fe3+ of trolox and ethanolic, aqueous and hydroethanolic extracts of Ceiba pentandra leaves 
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Figure 15: reducing power of the ferric ion Fe3+ of trolox and ethanolic, aqueous and hydroethanolic extracts of Ceiba pentandra bark 
 

 
 

Fig 16: reducing power of the ferric ion Fe3+ of trolox and ethanolic, aqueous and hydroethanolic extracts of Ceiba pentandra fruits 

 

Their analysis shows that the FeEtOH/H2O extract has a 

reducing antioxidant power similar to that of the reference at 

concentrations of 15.62 μ g/mL (P >0.9999) and 31.25 μ g/mL 

(P = 0.9697). Bark extracts showed no scavenging activity. 

On the other hand, the extract resulting from the decoction of 

the mixture of roots and leaves shows a highly significant 

scavenging activity compared to that of ascorbic acid, taken 

as a reference (P<0.0001), at all concentrations except at 125 

μ g/mL. The aqueous extract of the fruits has a moderately 

significant activity (P = 0.0026) compared to that of ascorbic 

acid. 

The analysis of the IC50 values of the various extracts (Table 

4), revealed that the extract resulting from the decoction of 

the mixture of roots and leaves (R+Fe), had the best ferric 

reductive antioxidant potential with IC 50 = 13.9 μg / mL, 

followed by the aqueous extract of the fruits (IC50 = 14.06 μg 

/ mL) and the hydroethanolic extract of the leaves (IC 50 = 

15.4 μg / mL). These three extracts have a ferric reducing 

power greater than that of ascorbic acid estimated at 20.38 μg 

/ mL. 
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Table 6: IC50 values and correlation coefficients of C. pentandra extracts for the FRAP test 

 

Extracts REtOH REtOH /H2 O RH 2 O FeEtOH FetOH /H2O FeH 2 O ETOH 

IC50 (FRAP) 35.60 28.2 33.8 17.57 15.40 37.52 31.8 

R-square 0.90 0.95 0.97 0.98 0.92 0.96 0.95 

Extracts EtOH /H 2 O EH 2 O FrEtOH FrEtOH /H 2 O FrH 2 O R+Fe Ascorbic acid 

IC50 (FRAP) 35.05 33?35 26.70 24.67 14.06 13.91 20.38 

R-square 0,99 0,91 0,96 0,90 0,96 0,99 0,90 

 

Discussion 

Thanks to the information found in the literature, the use of 

polar solvents made it possible to extract from the fruits, 

roots, leaves and bark of Ceiba pentandra, polar compounds 

such as polyphenols, fatty acids, terpenoids and lactones. This 

notion of polarity seems to be confirmed by phytochemical 

screening which reveals the presence of polar compounds 

such as polyphenols, flavonoids, terpenoids, coumarins, 

tannins and saponins in the various extracts studied. All the 

compounds detected by HPLC-MS in the different methanolic 

extracts of Ceiba pentandra could not be identified. This 

could be explained by the method of identification by 

chromatographic profiles taken from literature which made it 

possible to identify for all the extracts only 18 different 

compounds compared to the usual methods (NMR, COZY, 

DEPT, etc.). Note however that there is a great structural 

homogeneity between the compounds identified in the leaves 

and the bark on the one hand and between those identified in 

the roots and the leaves on the other hand. Only β -sitosterol 

identified in the barks was not identified in the leaves. As for 

the fruits and roots, the same compounds were detected in 

both extracts. The , δ β, γ -tocopherols were identified in the 

04 extracts. This structural homogeneity is explained by the 

fact that the 04 extracts all come from the same plant. The 

chromatographic profiles indicate that polyphenols and 

flavonoids constitute the major classes of secondary 

metabolites present in the different extracts studied. These 

results are in agreement with previous work done on the plant 
[27, 28]

. The results of the quantitative assays carried out on the 

extracts also made it possible to confirm these results by 

revealing that the decoction resulting from the mixture of the 

root and leaves and the hydroalcoholic extract of the leaves 

present the greatest quantities of total polyphenols, total 

flavonoids and condensed tannins. These classes of secondary 

metabolites are among the main components of plants with 

antioxidant activity 
[29, 30, 31]

. This justifies its strong 

antioxidant power observed from the three methods used: 

ABTS, FRAP and DPPH. 

A combined analysis of the antioxidant potency results 

revealed that the extract (R + Fe) from the decoction of the 

mixture of leaves and roots has the best antioxidant potency 

according to the DPPH (11.3 μg / mL) and FRAP (IC50 

=13.91 μg /mL) while the ABTS method showed a better 

antioxidant power for the hydroalcoholic extract of the leaves 

(IC50 = 14.81 µg / mL). These results are better than those 

obtained by Fofié and collaborators on the antioxidant activity 

of the decoction and a maceration of the stem bark of Ceiba 

pentandra by DPPH method which gave IC 50 values of 87.84 

and 54.77 μg /mL respectively 
[32]

. This discrepancy in results 

may be due to the fact that since the roots and leaves have 

different chemical compositions, mixing them gave the 

extract a variety of chemical compounds with antioxidant 

properties. This can also be explained by the fact that the 

mixture generated significant synergistic effects between the 

different molecules which constitute it or could also be due to 

the presence of substances which present absorption bands at 

the same wavelength as the DPPH radical in the R+Fe extract 
[33]

.  

Furthermore, it should be noted that according to the ABTS 

method, the best activity which is that of the hydroethanolic 

extract of the leaves (FeEtOH/H2O) whose IC 50 value of 

14.81 μg /mL is much lower than that of trolox used as 

reference and with IC 50 of 19.77 μg /mL. This could be 

explained by the presence of a large quantity of substances 

which exhibit absorption bands at the same wavelength as the 

ABTS radical in the FeEtOH/H2O extract. This could also be 

justified by the large number of polyphenols (47.846±0.19 μg 

EAG/mL) and flavonoids (21.573±0.5 μg EQ/mL) contained 

in the extract. 

 

Conclusion 

A phytochemical study has been carried out on the aqueous, 

ethanolic and hydroethanolic extracts of Ceiba pentandra (L.) 

Gaertn, followed by evaluation of their antioxidant potential. 

The results revealed the diversity of secondary metabolites in 

the species C. pentandra (L.) Gaertn notably alkaloids, 

terpenoids, phenolic compounds, flavonoids, tannins, steroids, 

coumarins and anthocyanins. Combined analysis of 

antioxidant potential using the DPPH and FRAP methods 

revealed that the extract from the decoction of the mixture of 

roots and leaves of Ceiba pentandra (L.) Gaertn has the best 

antioxidant power while the FeEtOH/H2O extract has the best 

antioxidant power according to the ABTS method. 

Additional studies are necessary on the one hand to isolate 

and characterize the compounds from the active extracts and 

evaluate the cytotoxicity of both the pure compounds and 

extracts. The profound study will be necessary for the 

correlation of the metabolic composition and the antioxidant 

assays performed. 

 

Acknowledgement 

The authors sincerely thank the YaBiNaPa graduate school, 

where all the LC-MS studies were conducted. 

 

References  

1. Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-

morte D, et al. Oxidative stress, aging, and diseases. Clin 

Interv Aging. 2018;1(13):757–772. 

2. Boton F, Debiton E, Yedomonhan H, Avlessi F, Teulade 

J, Sohounhloue D. α-Glucosidase inhibition, antioxidant 

and cytotoxicity activities of semi-ethanolic extracts of 

Bridellia ferruginea benth and Ceiba pentandra L. 

Gaerth. Res J Chem Sci. 2012;2(12):31-36. 

3. Abay G, Altun M, Koldas S, Tüfekci AR, Demirtas I. 

Determination of Antiproliferative Activities of Volatile 

Contents and HPLC Profiles of Dicranum scoparium 

(Dicranaceae, Bryophyta). Comb Chem High 

Throughput Screen. 2015;18(5):453-463. 

4. Singleton VL, Orthofer R, Lamuela-raventos RM. 

Analysis of total phenols and other oxidant and 

antioxidant substrates by means of the Folin-Ciocalteu 

reagent. Meth Enzymol, 1999;299:152. 

http://dx.doi.org/10.1016/S0076-6879(99)99017-1. 



 

~ 115 ~ 

Journal of Pharmacognosy and Phytochemistry https://www.phytojournal.com 
5. Lagnika L. Étude phytochimique et activité biologique de 

substances naturelles isolées de plantes béninoises. Thèse 

Soutenue à la Faculté de Pharmacie de Strasbourg le 14 

décembre 2005 pour obtenir le grade de Docteur de 

L’Université LOUIS PASTEUR (Mention Sciences 

Pharmaceutiques) ; Université LOUIS PASTEUR 

STRASBOURG Faculté de pharmacie en cotutelle avec 

L’Université D’ABOMEY-CALAVI BENIN Faculté des 

Sciences et Techniques; c2005. 

6. Zhishen J, Mengcheng T, Jianming W. Determination of 

flavonoid content in mulberry and their trapping effects 

on the superoxide radicals. Food Chem Rev. 

1999;64(4):555-559. https://doi.org/10.1016/S0308-

8146(98)00102-2. 

7. Kim D, Chun O, Kim Y, Moon H, Lee C. Quantification 

of polyphenols and their antioxidant capacity in fresh 

plums. J Agric Food chem. Travel in plane. 

2003;51(22):6509. DOI: 10.1021/jf0343074. 

8. FAO-IAEA. Division of Nuclear Techniques in Food and 

Agriculture, Vienna, Austria. Quantification of tannins in 

tree foliage. A laboratory manual for the FAO/IAEA 

coordinated research project on "The use of nuclear and 

related techniques to develop simple tannin assays to 

predict and improve the safety and efficacy of feed of 

ruminants on the foliage of tannin-bearing trees (INIS- 

XA--553). International Atomic Energy Agency (IAEA). 

2000;33(41):6. https://inis.iaea.org/collection/ 

NCLCollectionStore/_Public/33/048/33048138. _ pdf ?r 

=1. 

9. Schofield P, Bush DM, Pell AN. Analysis of condensed 

tannins. A critic. Sci Technol an food. 91, 1-2. 

https://doi.org/10.1016/S0377-8401(01)00228-0. 

10. Sun B, Richardo-da-silvia JM, Spranger V. Critical 

Factors for screening of Vanillin for Catechins and 

Proanthocyanidins, J Agric Food Chem. 1998;46:4267. 

https://doi.org/10.1021/jf980366j. 

11. Julkunen-titto R. Phenolic constituents in the leaves of 

the northern willow: Methods for the analysis of certain 

phenolic compounds. J Agric Food Chem. 

1985;33(2):213-217. 

https://doi.org/10.1021/jf00062a013. 

12. Khan M, Hussain F. Palatability and animal preferences 

of plants in Tehsil Takht-e-Nasrati, District Karak, 

Pakistan. Afr J Agric Res. 2012;7(44):5858-5872. 

http://www.academicjournals.org/article/article13811427

06_Khan%20and%20Hussain.pdf 

13. Molyneux P. The use of the stable free radical 

diphenylpicrylhydrazyl (DPPH) for estimating 

antioxidant activity. Songklanakarin J. Sci. Technol. 

2004;26(2):211-219. 

14. Bassene E. Introduction to Research on Natural 

Substances: Extraction Analysis-Biological Tests. Dakar 

University Press, Dakar, 2012, 150. 

15. Matsuda M, Endo Y, Fushiya S, Endo T, Nozoe S. 

Cytotoxic 6-Substituted 5,6-Dihydro-2H-pyran-2-ones (I) 

from a Brazilian Medicinal Plant, Chorisia crispiflora. 

Heterocycles. 1994;38(6):1229-1232. 

16. Bianchini JP, Ralaimanarivo A, Gaydou EM, Waegell B. 

Hydrocarbons, sterols and tocopherols in the seeds of six 

Adansonia species. Phytochemistry. 1982;21(8):1981–

1987. 

17. Paula VF, Cruz MP. Chemical constituents of 

Bombacopsis glabra (Bombacaceae). Quim Nova. 

2006;29(2):213–215. 

18. Scogin R. Reproductive phytochemistry of 

Bombacaceae: Floral anthocyanins and nectar 

constituents. Aliso. 1986;11(3):377–385. 

19. Paula VF, Barbosa LC, Erringto W, Howarth OW, Cruz 

MP. Chemical constituents from Bombacopsis glabra 

(Pasq.) A. Robyns: Complete 1H and 13C NMR 

assignments and X-Ray structure of 5-hydroxy-3,6,7,8,4' 

-pentamethoxyflavone. Journal of the Brazilian Chemical 

Society. 2002;13(2):276–280. DOI: 10.1590/S0103-

50532002000200022 

20. Paula VF, Barbosa LC, Demuner AJ, Howarth OW, Pilo-

veloso D. Chemical constituents of Ochroma lagopus 

Swartz. Quim Nova. 1996;19:225–229. 

21. Ralaimanarivo A, Gaydou EM, Bianchini JP. Fatty acids 

composition from the seed oils of six species from 

Adansonia with specific reference to cyclopropane and 

cyclopropene acids. Lipids. 1982;17(1):1-10. 

https://doi.org/10.1007/BF02535115. 

22. Gaydou EM, Bianchini JP, Ralaimanarivo A. 

Cyclopropenoid fatty acids in Malagasy baobab: 

Adansonia grandidieri (Bombacaceae) seed oil. Fette 

Seifen Anstrichmittel. 1981;84(12):468–472. 

23. Hassan AA. Phytochemical and Biological Investigation 

of Certain Plants Containing Pigments. A Thesis for the 

Doctor Degree submitted to Faculty of Pharmacy, 

Mansoura University, Egypt; c2009. 

24. Ramesh D, Dennis TJ, Shingare MS. Constituents of 

Adansonia digitata root bark. Fitoterapia. 

1992;63(3):278-279. 

25. Ueda H, Kaneda N, Kawanishi K, Alves SM, Moriyasu 

M. A new isoflavone glycoside from Ceiba pentandra 

(L.) Gaertner. Chem Pharm Bull (Tokyo). 

2002;50(3):403-404. Doi: 10.1248/cpb.50.403. PMID: 

11911207. 

26. Gaedeke J, Fels L, Bokemeyer C, Mengs U, Stolte H, 

Lentzen H. Cisplatin nephrotoxicity and protection by 

silibinin. Nephrol Dial Transplant. Nephrol Dial 

Transplant. 1996;11(1):55-62. 

27. Rosselli S, Rosa T, Maurizio B, Mariarosaria L, Tiziana 

F, Rossella G, et al. Ceiba speciosa seed oil (A. St. - Hil): 

Fatty acid profiling by GC-MS and NMR and bioactivity. 

MDPI (Multidisciplinary Institute of Digital Publishing) 

Publisher and open access journals. 2020;25(5):1037. 

DOI: 10.3390/molecules25051037. 

28. Refaat J, Samar Desoky Y, Mahmoud Ramadan A, 

Mohammed Camel S. Bombacaceae : A phytochemical 

review. Pharm Biol. 2013;51(1):100-130. DOI :10.3109/ 

13880209.2012.698286. 

29. Das G, Shin H, Ningthoujam S, Talukdar A, Upadhyaya 

H, Tundis R, et al. Systematic phytochemistry, biological 

activities and beneficial health effects of plants of the 

Bombacaceae subfamily (Malvaceae family). 

2021;10(4),651. https://doi.org/ 10.3390/plants10040651. 

30. Akanni OO, Owumi SE, Adaramoye OA. In vitro studies 

to evaluate the antioxidant potential, free radical 

scavenging and arginase inhibition of the extracts of 

Artocarpus altilis, Ficus exasperata and Kigelia africana. 

Asian Pac J Trop Biomed. 2014;4(1):492-499. Doi: 

10.12980/APJTB.4.2014C581. 

31. Fall AD, Sy AN, Fokou JB, Fomi JO, Dieng M, Dieng 

SI, et al. Phytochemical screening, polyphenol content 

and antioxidant studies of ethanol leaf extract of 

Combretum aculeatum Vent. European J Med Plants. 

2015;10(3):1-7. 

https://doi.org/10.9734/EJMP/2015/20294. 



 

~ 116 ~ 

Journal of Pharmacognosy and Phytochemistry https://www.phytojournal.com 
32. Sarr SO, Fall AD, Gueye D, Diop A, Diatta K, Diop N, et 

al. Etude de l’activité antioxydante des extraits des 

feuilles de Vitex doniana (Verbenacea). Int. J. Biol. 

Chem. Sci. 2015;9(3):1263-1269. 

https://doi.org/10.4314/ijbcs.v9i3.11 

33. Fofie HC, Wansi SL, Mbuyo NP, Atsamo AD, Watcho P, 

Kamanyi A, et al. In vitro antihyperglycemic and 

antioxidant properties of Ceiba pentandra stem bark 

extracts. J Complement Integr Med. 2014;11(3):185-193. 

 

Appendices 

 

 
 

Fig 17: Gallic Acid Calibration Line ((Mean ± SD of three runs) 

 

 
 

Fig 18: Quercetin Calibration Line (Mean ± SD of Three Trials) 

 

 
 

Fig 19: Catechin Calibration Line (Mean ± SD of Three Trials) 
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Compounds identified by LC-MS 

 

   
Lupénone  β-sitosterol Quercitrin 

 

 
 

 

Cleomiscosine A Cinchonaine la Cinchonaine lb 

     

  
 

Tricine Luteoline-7-o-β-D-glucoside 

  

  
 

Cyanidine-3-O-glucoside Verbascoside 
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vavain-3'- O - β-D -glucoside  (R)-6-[(Z)-1-heptenyl]-5,6- dihydro-2H-pyran-2-one 

 

 
 

 

R1 R2 R3  

Me Me Me -Tocopherol 

Me H Me β-Tocopherol 

H Me Me γ-Tocopherol 

H H Me δ-Tocopherol 

 

 
 

Palmitoleic acid (cis-9-hexadecenoic acid) 

 

 
 

Palmitic acid (Hexadecanoic acid) 

 

 
 

Heptadecenoic acid (Margaroleic acid) 


