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ABSTRACT 
Cannonball (Couroupita guianensis) fruits are large sized with disagreeable odor. However, it is widely used traditionally 
for cold, wound, headache, stomach ache, antibacterial, antifungal and medicinal drink. The present investigation was 
focused to determine the total phenol and flavonoids as well as the antioxidant properties of fruit pulp of Couroupita 
guianensis extracted with four different solvents. Additionally, chemical constituents of fruit pulp were also evaluated. 
Successful extraction was carried out with different solvents such as petroleum ether, chloroform, ethanol and aqueous 
alcohol using Soxhlet apparatus. The different extracts were assessed for quantitative total phenol and total flavonoid 
contents, and their antioxidant activity were determined by DPPH (2, 2-diphenyl-1-picryl-hydrazyl-hydrate) assay. The 
extract presenting higher total phenol and flavonoid was subjected to Gas chromatography coupled with Mass 
Spectrometry (GC-MS) to explore the chemical constituents. Ethanol extract presented higher total phenol and total 
flavonoid and was found to be 206.98±0.40 mg GAE/g and 83.18±0.42 mg QE/g respectively. Similarly, % inhibition 
of DPPH was higher in the ethanol extract exhibiting IC50 value of 52.59. GC-MS analysis confirmed the presence of 
about 30 different chemical components. Among the different components, 2,5-Furandione, 3 methyl and 
hydroxymethylfurfural were found to be the major components in the ethanol extract. The present investigation 
confirmed that the ethanol extract had showed higher total phenol and flavonoid which can be correlated to its highest % 
inhibition than other extracts. Hence, considering the obtained result, the ethanol extract can be explored for 
pharmacological activities. 
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1. INTRODUCTION  
In recent years, humankind has been developing  
interest on natural occurring bioactive constituents due 
to their lesser side effects. Plants are the richest source 
of bioactive compounds, the so-called secondary 
metabolites [1]. These secondary metabolites have the 
potential to act against free radicals and hence they are 
considered as antioxidants [2]. Oxidants like reactive 
oxygen species (ROS) and reactive oxygen nitrogen 
species (RONS) are produced naturally in the human 
body as a part of metabolic process [3]. Imbalance 
between the oxidants and natural process to detoxify 
these oxidants will prompt the production of free 
radicals resulting in severe damage to the cells, thus 
leading to oxidative stress. Naturally occurring 
antioxidants can help to reduce the generation of free 
radicals. The antioxidants quench these free radicals, 
thereby able to prevent oxidative stress related diseases 

[4]. This encouraged scientist to perform various studies 
in different plant extracts to investigate the phyto-
components and their pharmacological role. Couroupita 
guianensis (Family: Lecythidaceae) is commonly referred 
as cannonball tree. It is widely distributed in South 
America, Central America, India, Srilanka and Malaysia. 
In India, it is widely grown in Shiva temples and hence 
known as sacred tree. It is popular among tribes and 
rural people and these people used different parts of this 
plant for treating various human ailments including 
hypertension, scorpion sting, toothache, inflammatory 
processes, tumors, kidney and stomach problems, 
allergies, hemorrhage, piles, dysentery, ulcers, scabies, 
and skin diseases. There are scientific reports to validate 
its traditional and pharmacological uses. C. guianensis is a 
gigantic tree bearing huge sized fruit, and scented and 
glamorous flowers. Seeds are used to propagate the 
plant. The fruit pulp is embedded with numerous seeds. 
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The fruit pulp is rich in alkaloid, phenolic compounds 
and flavonoids which are reported to possess antioxidant 
activity [5]. To our knowledge, there is still inadequate 
information regarding the phytocomponents of fruit 
pulp. Currently, for investigating phytocomponents, 
researchers commonly employs Gas chromatography 
coupled with Mass spectrometry as it has been proved 
to be a valuable technique to assess nonpolar and  
volatile components [6]. The correlation between the 
phytocomponents and antioxidant activity renews 
interest to design a study regarding the total phenolic 
and flavonoid contents as well as the antioxidant 
activities of C. guianensis fruit pulp extracted with four 
different solvents (petroleum ether, chloroform, 
ethanol and hydroalcohol). In addition, the chemical 
composition of C. guianensis fruit pulp was evaluated by 
GC-MS to achieve in-depth knowledge about the 
phytoconstituents of fruit pulp. 
 
2. MATERIAL AND METHODS 
2.1. Sample selection 
C. guianensis fruit was collected from the Ayurveda 
research center, Kerala during the months of October 
and November. The fruits were then selected such that 
they were free from fungal infection. The selected fruits 
were shade dried, ground and stored. The powder was 
used for further analysis. 
 
2.2. Preparation of extract 
Processing of the powdered sample was carried out by 
following hot percolation method. The finely ground 
sample was extracted using a soxhlet apparatus with 4 
different solvents such as petroleum ether, chloroform, 
ethanol and hydroalcohol. The extracts were then 
subjected to rotary evaporator and the final extracts 
obtained were stored at 4°C for further use. 
 
2.3. Quantitative phytochemical analysis 
The extracts were analyzed for total phenol and 
flavonoid quantitatively. Spectrophotometric deter-
mination of total phenolic content in all the extracts was 
carried out using Folin-Ciocalteu’s phenol reagent and 
gallic acid as standard [7]. The phenol content was 
estimated using the calibration curve equation, 
y = 0.0044× + 0.2663, R² = 0.9962. Similarly, 
determination of flavonoid content was carried out with 
quercetin as standard [8]. The flavonoid content was 
determined from the quercetin calibration graph 
equation, y = 0.0021× + 0.1617, R2= 0.9735. 

2.4. Determination of antioxidant activity 
The antioxidant property of the fruit pulp extracts was 
evaluated by carrying out DPPH (2, 2-diphenyl-1-
picryl-hydrazyl-hydrate) free radical scavenging assay. 
The extracts were subjected to DPPH radical scavenging 
assay using a modified method described by Perumal et 
al., 2018 [9]. Different concentrations (5, 10, 20, 40 
and 80 μg/mL) of the extracts were mixed with 2.5 mL 
of DPPH solution. The mixture was shaken well and 
incubated at room temperature for 30 min. The 
absorbance of the mixture was measured at 517 nm. 
Ascorbic acid was used as the standard.  The following 
formula was able to determine the ability of the extract 
and standard to scavenge DPPH radical. 

% DPPH inhibition = [(OD of control - OD of test)/ 
(OD of control)]×100 
The extract concentration with 50% of radical-
scavenging activity (IC50) was determined from the 
graph by plotting % scavenging inhibition against extract 
concentration. 
 
2.5. GC-MS analysis 
GC-MS spectrum of the ethanol extract was recorded in 
gas chromatography coupled with mass spectrometry 
GC 17A- QP 5000 (Shimadzu) instrument. Capillary 
column (30 m in length X 0.25 mm; 0.1μm in 
thickness) was used. The operation condition of the 
column was set at 60°C as initial temperature. The 
temperature then was increased up to 300°C at a rate of 
20°C/min. The column was maintained at a pressure of 
100 KPa. Helium was used as the carrier gas. About 0.1 
μl of the sample dissolved in suitable solvent was 
injected along with helium gas at a flow rate of 0.6 
ml/min. Identification of the compounds were carried 
out based on the retention time and by comparing the 
spectrum using Wiley and NIST spectral library search 
programme. 
 
2.6. Statistical analysis 
All the data observed in each experiment included 3 
replicates and the results were expressed as mean±SE. 
The data was compared using one-way analysis of 
variance (ANOVA) and statistically significant 
differences were determined by Tukey’s test using 
Graphpad Prism. 
 
3. RESULTS AND DISCUSSION 
Various solvents have been utilized to extract phenol 
and flavonoid from the fruit pulp of C. guianensis.  
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Phenols are secondary metabolites with wide 
antioxidant activities. Higher antioxidant activities of 
phenol may be attributed to their hydrogen groups that 
can act as hydrogen donor. This reducing property 
makes it to function as radical scavenger [10]. In the 
present study, the content of phenol in the extracts was 
determined with reference to gallic acid equivalents per 
gram (GAE/g). The result clearly showed that the 
solvents had different capabilities to extract the phenols 
from the sample. The ethanol extract had the highest 
phenol content of 206.97±0.568 mg GAE/g while the 
petroleum ether extract had the lowest content of 
8.95±0.367 mg QE/g (table 1). 
 
Table 1: Total phenolic and flavonoid content 
of different solvent extracts of C. guianensis fruit 
pulp 

Extract 
Total phenolic 

content 
(mg GAE/g) 

Total flavonoid 
content 

(mg QE/g) 
Petroleum ether 8.95±0.367a 38.49±0.927a 

Chloroform 49.40±0.371b 51.08±0.348b 
Ethanol 206.97±0.568c 83.18 ±0.604c 

Hydroalcohol 100.16±0.57d 77.99±0.608d 
Values are Mean±Standard error of three replicates. Means followed by 

same letters are statistically not significant at  = 0.05 by Tukey test. 
 
The higher amount of phenol content in the ethanol 
extract confirmed the ethanol as a good solvent in 
extracting phenol from the sample. Further, lowest 
amount of phenol content in the petroleum ether 
extract enabled to consider that petroleum ether solvent 
had least ability to extract phenol from the sample. A 
study conducted by Simran kaur, 2020 supported the 
ethanol solvent efficiency in extracting phenol from C. 
guianensis flower [11]. However, in another study 
infusion aqueous extract of leaf, cold percolation 
aqueous extract of flower, and maceration methanolic 
extract of stem of C. guianensis were reported to possess  

more amount of total phenol, thus confirming the 
influence of method of extraction process in addition to 
the choice of solvent [12]. 
Flavonoids are polyphenols and water-soluble, and like 
phenols reported to possess greater antioxidant activity 
[13]. In the current study, the values of the flavonoid 
estimated using reference compound quercetin and are 
expressed as quercetin equivalent (mg QE/g). The 
result obtained was similar to the phenol content 
analysis i.e. the ethanol extract had higher amount of 
flavonoid content (83.18±0.604 mg QE/g) (table 1) 
and reported the ethanol solvent to be good in 
extracting flavonoid in the sample. However, there was 
no much difference in the flavonoid content of 
hydroalcohol extract with respect to ethanol extract. 
This observation suggested that hydroalcoholic solvent 
has also exhibited relatively higher ability following 
ethanol solvent in extracting flavonoid. The petroleum 
ether extract had the least flavonoid content and hence 
petroleum ether solvent was considered to be poor in 
extracting flavonoid in the sample. Apart from fruit 
pulp, other parts of the plant including stem, leaf and 
flower were observed to contain flavonoid [14, 15]. 
Generally various in vitro methods were been employed 
to examine the antioxidant activities of the sample. But, 
DPPH radical scavenging activity method is widely and 
commonly employed to investigate antioxidant activities 
of bioactive compounds and plant extracts. The 
potential of the extract to scavenge DPPH radical was 
evaluated from the degree of discoloration from purple 
to light yellow. The DPPH radical scavenging activity of 
different extracts and the standard ascorbic acid was 
mentioned in table 2. The result of this analysis revealed 
that not all the solvent fractions had great DPPH 
scavenging activities at the concentrations ranging from 
5µg/mL to 80µg/mL. Upon comparison it was 
observed that the radical scavenging activity of the 
extracts and the ascorbic acid increased with increase in 
concentration. 

 
Table 2: DPPH radical scavenging activity of different solvent extracts of C. guianensis fruit pulp 

Concentration μg/ml Ascorbic acid Petroleum ether Chloroform Ethanol Hydroalcohol 
5 15.96±0.19a 4.26±0.16a 5.43±0.19a 12.18±0.19a 6.49±0.13a 

10 35.81±0.13b 6.64±0.09b 6.67±0.16b 25.73±0.13b 10.00±0.26b 
20 50.30±0.16c 9.54±0.19c 8.86±0.17c 41.73±016c 14.64±0.13c 
40 87.39±0.22d 14.52±0.26d 14.45±0.16d 48.45±0.22d 21.20±0.13d 
80 99.16±016e 6.79±0.23e 22.49±0.13e 60.86±0.16e 34.86±0.16e 

Values are mean of three replicates. Means followed by same letters are statistically not significant at  = 0.05 by Tukey test 
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However, the concentration at which the extracts had 
over 50% inhibitory activity, varies. In this study, 
ethanol extract at 80μg/ml showed more than 50% 
inhibitory activity. The IC50 values of the extracts ranged 
from 52.59μg/ml in the ethanol extract to 277.55 
μg/ml in the petroleum ether extract (fig. 1). 
The increasing scavenging activity of the extracts and 
the standard ascorbic acid was in the following order; 
Ascorbic acid>ethanol>hydroalcohol>chloroform> 
petroleum ether. Lower the IC50 value, higher is the 
scavenging activity. In this context, it had been observed 
that the ethanol extract had higher scavenging activity 
compared to other extracts. This finding revealed a 
favourable relation between phenol and flavonoid and  

DPPH scavenging activity. Extracts with higher 
polyphenolics (phenol and flavonoid) had lower IC50 and 
hence showed higher radical scavenging activity               
(fig. 2). Such a correlation was evident in a study 
conducted with flowers of C. guianensis at different  
floral stages. Flowers at early stages exhibited high 
polyphenolic content and thus increased antioxidant 
activity [16]. The present study strongly suggested              
that fruit pulp have been effective in scavenging free 
radicals. This observation was in agreement with a   
study in which crude fruit pulp and fruit pulp gold 
nanoparticle was compared for their antioxidant 
potential and both found to possess excellent 
antioxidant activity [17]. 

 

 
 

Fig. 1: IC50 values of standard and different solvent extracts of C. guianensis fruit pulp 
 

   
 
Fig. 2: Correlation of the polyphenolic compounds against the IC50 of the extract (a) Phenol against 
DPPH (b) Flavonoid against DPPH 
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GC-MS analysis was carried only for ethanolic fruit pulp 
extract as it was proved to be the competent extract 
containing more amounts of phenol and flavonoid 
contents and scavenging DPPH radical effectively. The 
GC-MS chromatogram of ethanolic extract of C. 
guianensis was presented in fig. 3. Interpretation was 
done based on comparison between the obtained spectra 
of the unknown compounds with the spectra of the 
compounds in the database. The analysis has revealed 
the presence of 30 different compounds belonging to 
various chemical classes. The name of the identified 
compounds and other details including their retention 
time (RT), Molecular weight, Molecular formula and 
peak area in percentage was presented in table 3. 
Among the identified compounds, 2,5-Furandione, 3 
methyl and 5-Hydroxymethylfurfural were found to be 
prevalent with a peak area of 35.13 % and 30.92 % 
respectively. 2,5-Furandione, 3 methyl were reported 
to be present in pomegranate peel [18, 19] and pulp [23] 
Garcinia dulcis fruit [20], sunflower seed oil, Ceratonia 

silique fruit [21], Premna integrifolia root [22], and Emblica 
officinalis Gaertn. [23]. Further, there were reports that 
explained the anticancer activity of the compound [18, 
20]. Similarly 5-Hydroxymethylfurfural was also seen in 
Centella asiatica [24], Stemona japonica (Blume) Miq. [25], 
Antidesma bunius fruit [26], Kalanchoe pinnata [27] and 
Ziziphus mauritiana fruit [28]. 5-Hydroxymethylfurfural 
was reported to possess antioxidant [28], anti-
proliferative [28], antiangiogenic [24], and hepato-
protective activities [24]. Earlier volatile and semi-
volatile compounds were analyzed in Brazilian ripe C. 
guianensis using solid-phase extraction technique and gas 
chromatography methods and have identified 50 
different compounds with linalool, benzyl alcohol, 
terpineol, hexadecanoic acid and the cis- and trans-furan 
linalool oxides being the predominant [29]. GC-MS 
analysis was also carried out with leaves of C. guianensis 
and able to identify 8 different compounds which belong 
to the category of polyphenols and nitrogen containing 
alkaloids [30]. 

 

 
 

Fig. 3: GC-MS chromatogram of ethanolic extract of C. guianensis fruit pulp 
 

Table 3: Chemical compounds identified in the ethanolic extract of C. guianensis fruit pulp through GC-MS 
Peak R.Time Area% Name 

1 3.736 3.01 

Name: Furfural 
Molecular formula: C5H4O2 
Molecular weight: 96 
Nature: Heterocyclic 

2 3.952 0.49 

Name: 2-Butenedioic acid or fumaric acid 
Molecular formula: C4H4O4 
Molecular weight: 116 
Nature: Dicarboxylic acid 
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3 5.226 1.29 

Name: Ethanol, 2,2-diethoxy- 
Molecular formula: C6H14O3 
Molecular weight: 134 
Nature: Alcohol derivative 

4 5.698 35.13 

Name: 2,5-Furandione, 3-methyl- 
Molecular formula: C5H4O3 
Molecular weight: 112 
Nature: Heterocyclic 

5 6.034 0.37 

Name: 2-Furancarboxaldehyde, 5-Methyl or 5-Methyl furfural 
Molecular formula: C6H6O2 
Molecular weight: 110 
Nature: Heterocyclic 

6 7.183 0.49 

Name: 1,2-Epoxy-3-(2'-Ethoxy)ethoxy propane 
Molecular formula: C7H14O3 
Molecular weight: 146 
Nature: Organic acid 

7 7.631 2.54 

Name: Dihydro-3-methylene-2,5-furandione 
Molecular formula: C5H4O3 
Molecular weight: 112 
Nature: Heterocyclic 

8 7.950 0.69 

Name: 1-Acetoxy-2-Propanol 
Molecular formula: C5H10O3 
Molecular weight: 
Nature: Organic compound 

9 8.649 1.04 

Name: 2-Furaldehyde diethyl acetal 
Molecular formula: C9H14O3 
Molecular weight: 170 
Nature: Heterocyclic 

10 8.727 0.97 

Name: 2,5-Furandicarboxaldehyde 
Molecular formula: C6H4O3 
Molecular weight: 124 
Nature: Heterocyclic 

11 8.880 1.32 

Name: 1-(2-Furanyl)-2-Hydroxyethanone 
Molecular formula: C6H6O3 
Molecular weight: 126 
Nature: Heterocyclic 

12 10.551 3.41 

Name: 1,5-Anhydro-6-deoxyhexo-2,3-diulose 
Molecular formula: C6H8O4 
Molecular weight: 144 
Nature: Sugar 

13 11.635 2.21 

Name: Napthalene 
Molecular formula: C10H8 
Molecular weight: 128 
Nature: Aromaticc hydrocarbon 

14 11.767 1.28 

Name: Ethyl 2-acetyloctanoate 
Molecular formula: C12H22O3. 
Molecular weight: 214 
Nature: Organic compound 

15 12.877 30.92 

Name: 5-Hydroxymethylfurfural 
Molecular formula: C6H6O3 
Molecular weight: 126 
Nature: Aromatic derivative 
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16 13.513 0.85 

Name: Butanedioicacid, hydroxy-, diethyl ester, (+/-) 
Molecular formula: C8H14O5 
Molecular weight: 190 
Nature: Hydroxy acid 

17 13.812 0.76 

Name: 1,2-Cyclopropanedicarboxylic acid 
Molecular formula: C6H8O4 
Molecular weight: 144 
Nature: Dicarboxylic acid 

18 14.113 1.99 

Name: Malic Acid 
Molecular formula: C4H6O5 
Molecular weight: 134 
Nature: Hydroxyacid 

19 15.752 1.12 

Name: 6-Hydroxy-2-Oxo-1,2-dihydro-4-pyridine carboxylic acid / 2,6-
Dihydroxyisonicotinic acid 
Molecular formula: C6H5NO4 
Molecular weight: 155 
Nature: Organic compound 

20 16.775 0.48 

Name: n-Heptadecane 
Molecular formula: C17H36 
Molecular weight: 254 
Nature: Hydrocarbon 

21 19.011 0.32 

Name: Pentadecane 
Molecular formula: C15H32 
Molecular weight: 212 
Nature: Hydrocarbon 

22 19.139 0.44 

Name: 2,4-Di-tert-butylphenol 
Molecular formula: C14H22O 
Molecular weight: 206 
Nature: Phenol 

23 22.427 0.85 

Name: 1,2,3-Propanetricarboxylic acid, 2-hydroxy-,triethyl ester/ 
triethyl citrate 
Molecular formula: C12H20O7 
Molecular weight: 276 
Nature: Organic compound 

24 27.896 2.05 

Name: n-Hexadecanoic acid 
Molecular formula: C16H32O2 
Molecular weight: 256 
Nature: Palmitic acid 

25 28.411 0.58 

Name: Hexadecanoic acid, Ethyl ester 
Molecular formula: C18H36O2 
Molecular weight: 284 
Nature: Terpenoid 

26 30.700 0.74 

Name: 7-Tetradecyne 
Molecular formula: C14H26 
Molecular weight: 194 
Nature: Saturated aliphatic hydrocarbon 

27 30.818 1.75 

Name: 8,11,14-Eicosatrienoic acid, (Z,Z,Z)- or gamma-homolinolenic acid 
Molecular formula: C20H34O2 
Molecular weight: 306 
Nature: Organic acid 

28 31.147 1.69 

Name: 9,12-Octadecadienoic acid (Z,Z)- 
Molecular formula: C18H32O2 
Molecular weight: 280 
Nature: Polyunsaturated fatty acid 
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29 31.240 0.73 

Name: cis,cis,cis-7,10,13-hexadecatrienal 
Molecular formula: C16H26O 
Moleuclar Weight: 234 
Nature: Organic compound 

30 36.437 0.51 

Nature: Hexadecanoic acid,2-hydroxy-1-(hydroxyl methyl ) ethyl ester (or) 2-
Palmitoylglycerol 
Molecular formula: C19H38O4 

Molecular weight: 330 
Nature: Organic compound 

 
4. CONCLUSION 
The findings of this study are notable, not only in terms 
of the antioxidant properties of the extracts, but also in 
terms of their presence of diverse phytochemical 
components. The data obtained acknowledges C. 
guianensis fruit pulp as a potential source of compounds 
of therapeutic importance. Furthermore, research in 
isolation and quantification of the compounds are 
required to elucidate their various antioxidant 
mechanisms as well as their natural biological function 
in vivo. 
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