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ABSTRACT 

Spondias mombin is commonly used in traditional medicine to treat various ailments. This 

study was aimed to analyze the bioactive components of the methanol extract of S. mombin stem by 

High-performance liquid chromatography (HPLC) and Gas Chromatography-Mass Spectroscopy 

(GC-MS). Quantitative analysis of the extract showed that it had appreciable quantities of flavonoids, 

phenols, tannins, and proanthocyanidins. The HPLC fingerprints of the extract also revealed the 

presence of flavonoids, tannins, saponins, alkaloids, other phenols, and steroids. The most prevalent 

flavonoids were the flavones, and the alkaloids present in high concentrations were ribalinidine and 

linamarin. Some other phenolics, such as resveratrol, ellagic acid, chlorogenic and pyrogallic, were 

in high concentration. The GC-MS data detected bioactive compounds; notably among them were 

9,12 -octadecadienoic acid (linoleic acid), n-hexadecanoic acid, and 9-oxo nonanoic acid.  This 

study has established the presence of bioactive chemicals in the methanol extract of S. mombin stem 

bark, and these phytochemicals could be responsible for the plant’s medicinal properties.  
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INTRODUCTION 

Spondias mombin, a member of the 

Anacardiaceae family, is a tropical tree known 

for its diverse medicinal properties and 

traditional uses across various cultures. It is 

commonly referred to as hog plum or Spanish 

plum and locally referred to as Ogheghe (Edo), 

Iyeye, Akikan (Yoruba), Tsaadarmasar 

(Hausa), and Isikere (Igbo) in 

Nigeria.  Spondias mombin has garnered 

attention from researchers due to its extensive 

pharmacological potential. Among its parts, 

the stem bark stands out as a rich source of 

bioactive compounds, offering promising 

avenues for therapeutic exploration. 

Numerous studies have highlighted the 

pharmacological activities of Spondias 

mombin extracts, including antioxidant, anti-

inflammatory, antimicrobial, and antidiabetic 

effects (Gomes et al., 2020; Santos et al., 

2023; Oliveira et al., 2024). These beneficial 

properties have been attributed to 

phytochemicals and secondary metabolites 

synthesized by plants for defense and 

adaptation. However, a comprehensive 
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understanding of the phytochemical 

composition of Spondias mombin stem bark, 

particularly in methanol extracts, necessitates 

advanced analytical techniques. 

High-performance liquid chromatography 

(HPLC) and gas chromatography-mass 

spectrometry (GC-MS) are sophisticated 

analytical methods commonly employed to 

identify and quantify phytochemical 

constituents in plant extracts. HPLC offers 

high resolution and sensitivity, making it 

suitable for separating and analyzing complex 

mixtures of compounds. On the other hand, 

GC-MS provides structural information by 

coupling gas chromatography with mass 

spectrometry, facilitating the identification of 

individual compounds based on their mass 

spectra. In this context, the present study 

aimed to characterize the phytochemical 

constituents of the methanol extract of 

Spondias mombin stem bark using HPLC and 

GC-MS techniques. By employing these 

analytical tools, we sought to elucidate the 

chemical profile of the extract and identify its 

major bioactive constituents. This 

investigation is of significant importance for 

advancing our understanding of the medicinal 

properties of Spondias mombin and exploring 

its potential applications in the healthcare and 

pharmaceutical industries. 

Previous research on Spondias mombin has 

demonstrated its pharmacological activities 

and highlighted the presence of various 

phytochemicals in different parts of the plant. 

For instance, studies have reported the 

presence of flavonoids, phenolic compounds, 

tannins, terpenoids, and alkaloids in Spondias 

mombin extracts, contributing to their 

antioxidant, anti-inflammatory, and 

antimicrobial properties (Cristofoliet al., 

2019; Gomes et al., 2020; de Freitaset al., 

2022). However, there is a paucity of literature 

specifically focusing on the phytochemical 

composition of the methanol extract of 

Spondias mombin stem bark using HPLC and 

GC-MS techniques. By filling this research 

gap, our study aimed to provide valuable 

insights into the chemical constituents of 

Spondias mombin stem bark, laying the 

foundation for further investigations into its 

therapeutic potential and supporting its 

utilization in traditional and modern medicine. 

MATERIALS AND METHODS  

Collection and Preparation of Plant 

Material 

The stem bark of Spondias mombin was 

collected from a farm in Benin City, Edo State. 

The plant was identified and authenticated in 

the Department of Plant Biology and 

Biotechnology, University of Benin, and the 

herbarium specimen was assigned voucher 

number UBHS345. The stem bark was cut into 

pieces to dry under shade and pulverized. The 

pulverized stem bark was steeped in methanol 

for three days. The contents were stirred many 

times a day and filtered with Whatman filter 

paper at the end of the third day. The filtrate 

was evaporated to dryness with a rotary 

evaporator before being frozen with a freeze-

dryer. The extract was weighed, placed in an 

airtight container, and refrigerated at 4oC until 

use. 

Quantitative phytochemical screening 

Total phenolic and flavonoid contents were 

determined according to the Folin-Ciocalteu 

method by Cicco et al. (2009) and 

Miliauskas et al. (2004), respectively. At the 

same time, the total proanthocyanidin and total 

tannin contents of the methanol extract of the 

plant were carried out according to the method 

of Sun et al. (1998) and Polshettiwar et al. 

(2007) with some modifications. 

Gas Chromatography-Mass Spectrometry 

Analysis (GC-MS) of the Extract 

The extract was analyzed by GC-MS using a 

GC-MS-TQQQ apparatus equipped with an 

Agilent USB39375HHP-5MS column with 

capillary dimensions of 30 m × 250 m x 0.25 

m. Helium was used as the carrier gas at a flow 

rate of 1.2 mL/min. Injection fluid was used at 

a pressure of 10.97psi. After 0.5 min of 

equilibration, the oven was pre-heated to 70oC 

for 5 min, then 10oC/min. The run took 73 min 

in total. The MS transfer line was maintained 
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at a temperature of 325oC. The ionization 

method utilized was electron ionization at a 

source temperature of 250o C and a potential 

of 70 eV. Total ion count (TIC) was utilized to 

assess the identification of compounds with a 

start mass of 20 amu and an end mass of 650 

amu, and a scan duration of 200 ms. The 

compounds' spectra were matched to the NIST 

Reference Spectra Library database, with a 

Match Factor (MF) of 700 taken as adequate. 

The GC peak area was used to determine the 

relative percentage content of the detected 

chemicals. 

High-Performance Liquid 

Chromatography (HPLC) of the Extract 

Extraction of phytochemicals 

Precisely 1 g of sample was weighed and 

added to a test tube along with 15 mL of 

ethanol and 10 mL of 50% m/v potassium 

hydroxide. The test tube was placed in a 600°C 

water bath for 60 min. The reaction product 

was transferred from the test tube to a 

separator funnel at the completion of the 

reaction period. Using 20 mL ethanol, 10 mL 

cold water, 10 mL hot water, and 3 mL 

acetonitrile, the tube was effectively washed. 

The combined extracts were washed three 

times with 10 mL of aqueous ethanol (10% 

v/v) solution. The solution was evaporated and 

dried with anhydrous sodium sulphate. Before 

transferring the sample to a vial for analysis, it 

was dissolved in 1000 uL of pyridine. 

HPLC Analysis 

Using a Buck 930 HPLC system (Waldbronn, 

Germany) equipped with a G1311C 

quaternary pump, a G1329B autosampler 

(0.1–100 L), a G1316A column oven (273–

333 K), and a G1315D-DAD detector (190–

950 nm), the monosaccharides tagged with 

PMP were analyzed. As the analytical column, 

a ShodexSHUGAR KS-802 column (4.6 mm, 

150 mm, 5 m; Agilent) was utilized. The 

injection volume at 80°C was 20 L, and the 

eluant flow rate was 0.6 mL/min. The mobile 

phase A consisted of 100% acetonitrile, while 

the mobile phase B consisted of a mixture of 

distilled water and acetonitrile (90:10, v/v) in 

the presence of 0.045% KH2PO4-0.05% 

triethylamine buffer (pH 7.5); gradient elution 

was performed at 94-94-88-88% B with linear 

decreases at 0-4-5-20 min. At a wavelength of 

245 nm, UV detection was assessed. The 

phytochemicals were identified by comparing 

the area and mass of an internal standard to the 

area of the discovered phytochemicals. The 

concentration of different phytochemicals was 

measured in micrograms per gramme. 

RESULTS  

Quantitative Phytochemical Constituents of 

Methanol Extract of S. mombin stem bark  

Table 1 represents the total flavonoids, total 

phenols, total tannins, and total 

proanthocyanins of methanol extracts of S. 

mombin stem bark. The extract had 

appreciable amounts of these phytochemicals. 

Table 1: Quantitative Phytochemical Constituents of methanol extract of S. mombin 

Sample Total  

Flavonoids 

(mg GAE/ g 

extract) 

Total 

Phenols 

(mg QE/g 

extract) 

Total  

Tannins 

(mgTAE/g 

extract) 

Total 

Proanthocyanidins 

(mg CE / g extract) 

S. mombin  41.86±0.58 204.0 ±8.4 97.8 ±9.96 69.1 ±1.3 

Total flavonoid is expressed as mg quercertin equivalent (QE) / g extract; total phenol is expressed 

as mg gallic acid equivalent (GAE) / g extract; total tannins is expressed as mg tannic acid equivalent 

(TAE)/g extract; proanthocyanidin content is expressed as mg catechin equivalent (CE) / g extract. 

Values are expressed as mean ± SEM; n = 3.  



50 
 

   
Ikponmwosa-Eweka, O. and Omoregie, E.S.: Characterization of the Phytochemical Constituents of Methanol Extract of…  

 

High-Performance Liquid Chromatography of the methanol extract of S. mombin stem bark 

Figure 1 and Table 2 illustrate the outcomes of the HPLC fingerprint analysis of the methanol extract 

of S. mombin stem bark. The result reveals that S. mombin extract contain flavonoids, tannins, 

saponins, alkaloids, phenolics, and steroids. Flavone, a flavonoid is observed to have the highest 

concentration (21.19 μg/mL). This is followed by pyrogallic acid (19.27 μg/mL) and ribalinidine, an 

alkaloid (16.83 μg/mL).  

 

 

Figure 1: HPLC chromatogram of the methanol extract of S. mombin stem bark 

 

Table 2: HPLC Fingerprint of Phytochemicals from Methanol Extract of S. mombin Stem Bark 

Type of Phytochemical Phytochemical Concentration (μg/mL) 

Flavonoids Proanthocyanin 8.58 

 Anthocyanin 10.92 

 Naringin 15.46 

 Flavonones 16.44 

 Flavone 21.19 

 Rutin 15.84 

 Kaempferol 7.99 
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 Epicatechin 8.23 

 Naringenin 2.64 

Tannins Phlorotannins 4.06 

Saponins Sapogenin 5.77 

Alkaloids Ribalinidine 16.83 

 Lunamarin 16.62 

 Spartein 8.92 

Other Phenolics Resveratrol 7.78 

 Ellagic acid 6.12 

 Chlorogenic acid 11.05 

 pyrogallic acid 19.27 

Steroids Steroids 17.30 

 

Gas Chromatography-Mass spectroscopy of the methanol extract of S. mombin stem bark  

The GC-MS analysis of the methanol extracts of S. mombin stem bark showing the compound name, 

retention time, molecular weight (g/mol), structural formula and the structure of the compounds of 

some of the identified compounds are presented in Table 3. Also, Figures 2 depict the chromatograms 

of   S. mombin with their peak areas. 
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Figure 2: GC-MS chromatogram of methanol extract of S. mombin (stem bark) 

 

Table 3: List of identified phytocompounds from the GC-MS fingerprint  

Name of Compound Formula MW RT(Min) Area % Chemical structure 

2,4-Di-tert-butylphenol 

 

C14H22O 

 

206.32 6.07 7.05 OH

 

Tridecanoic acid 

 

C13H26O2 

 

214.3 

 

11.80 17.47 O OH

 

n-Hexadecanoic acid  

 

C6H32O2  

 

256  

 

11.80 

 

17.47  

 

O OH

 

9- Oxononanoic acid 

 

C9H16O3 172.0 

 

15.01 4.83 
O OH

O
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9,12-Octadecadienoic acid 

(linoleic acid) 

C18H32O2 

 

280.5 

 

13.852  9.28 

 

Pyrimidine, 4,5-dimethyl 

 

C6H8N2 

 

108.0 23.21 4.75 

 

Silicic acid, diethylbis 

(trimethylsilyl) ester 

 

C10H28O4Si3 296.0 29.55 4.68 

Si

O

O O

Si Si

 

Pentadecanoic acid 

 

C15H30O2 

 

242.4 

 

11.8 17.47 
O OH

 

Methyl stearate 

 

C19H38O  

 

298.5 

 

30.16 7.57 
O

O

 

Trans-13-octadecenoic acid C18H34O2 282.5 23.29 3.11 
O OH

 

 

DISCUSSION 

Phytochemicals are essential as protective and 

disease-fighting molecules that aid the body in 

preventing or combating disease and are, 

therefore, necessary for human survival 

(Forni et al., 2019). Their therapeutic uses in 

the prevention and treatment of various 

ailments are the basis for their widespread 

usage in traditional and ethnomedicinal 

practices in various cultures. Ascertaining the 

phytochemical constituents and antioxidant 

status of medicinal plants has become an 

excellent point at which to commence research 

on knowing their therapeutic potential. The 

therapeutic benefits of plants may be attributed 

to a single component or synergy of 

phytoconstituents (Pezzani et al., 2019). The 

presence of an appreciable quantity of 

therapeutically active chemicals, including 

flavonoids, tannins, phenols, and 

proanthocyanidins, was discovered in 

methanol extracts of S. mombin stem bark in 

Table 1.  

The HPLC fingerprint of the methanol extract 

of S. mombin stem bark revealed the presence 

of fifteen (15) compounds, which include 

flavonoids, tannins, saponins, alkaloids, other 

phenols, and steroids. The most prevalent 

flavonoids were flavone, rutin, flavanones, 

naringin, anthocyanin, epicatechin, 

proanthocyanin, and naringenin. The alkaloids 

present in high concentrations were ribalindine 

and linamarin. Some other phenolics, such as 

resveratrol, ellagic acid, chlorogenic and 

pyrogallic, were in high concentration.De 

Freitas et al. (2022) and Akinmoladunet al. 

2021) identified a similar pattern of 

metabolites to those found in this work 

although catechin, caffeic acid and quercetin 

present in their research where absent in this 

study. The differences in the chemical 

composition observed in these studies can be 

justified due to a series of experimental factors 

such as the polarity of the solvent, the plant 

part used as well as due to intrinsic (genetic) 

and extrinsic (environmental) factors (Bezerra 

et al. 2017).  Additionally, HPLC analyses 

performed by Omoboyowaet al. (2023) 

O OH

N

N
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demonstrated that S. mombin stem bark had 

rutin, chlorogenic acid, epicatechin, and 

kaemferol as significant constituents, 

corroborating the findings of this present 

research.  

Flavonoids consist of natural substances with 

variable phenolic groups, mainly in vegetables 

and some grains, stems, and flowers. They are 

well known for their valuable health benefits, 

mainly their attributable anti-oxidative, anti-

mutagenic, anti-inflammatory, anti-

carcinogenic properties, and enzyme 

modulatory functions (Panche et al.,2016). In 

the present study, the flavonoids identified 

include proanthocyanin, anthocyanin, 

naringin, flavonones, flavone, rutin, 

kaempferol, epicatechin, and naringenin. 

Flavone had the highest concentration, while 

naringenin was of the lowest concentration 

(Table 2). The rich flavonoid content of the 

methanol extract of S. mombin stem bark 

confers on it many pharmacological activities 

such as anti-inflammatory, antipyretic, 

hypoglycemic, antifungal, antibacterial, and 

anti-tumor and wound healing properties. 

Tannins are primarily water-soluble 

polyphenols that are present in a variety of 

plant foods. They are found in tea, cocoa, 

vegetables, legumes, and some unripe fruit 

(Sharma et al.,2019). S. mombin stem bark 

contained low tannins. Tannins have played a 

key role in Asian traditional medicine, where 

plant extracts containing tannins are used as an 

astringent and a diuretic. They have also been 

used to treat diarrhea, gastrointestinal ulcers, 

and tumors. They also possess anti-

inflammation and antioxidant activities 

(Ghosh, 2015). On the other hand, Saponins 

comprise a group of structurally related 

naturally occurring compounds containing 

either a steroid or triterpenoid aglycone 

(sapogenin) found mostly in plants and other 

lower marine animals, including some 

bacteria. Some of the pharmacological effects 

ascribed to saponins include 

immunomodulatory, anti-inflammatory, anti-

fungal, antiviral, antibacterial, 

hypercholesterolaemic, and anti-carcinogenic 

properties (Francis et al., 2005), thus making 

them very essential in human and animal 

nutrition. Plant alkaloids remain one of the 

largest groups of natural products made up of 

structurally of diverse and biogenetically 

unrelated molecules. They possess a wide 

range of pharmacological activities and have 

been used as a component of many herbal 

remedies (Alves de Almeida et al., 2017). 

They include narcotics, analgesics, morphine, 

and codeine. Also, they have been shown to 

possess potent antimalarial, antimicrobial, and 

antiprotozoal properties (Franck et al.,2004). 

The result of the present study showed that the 

methanol extract of S. mombin stem bark 

contains a significant amount of alkaloids, 

with ribalinidine having the highest 

concentration, followed by linamarin and then 

sparteine (Table 2). Lunamarin and 

ribalinidine have been reported to have radical 

scavenging functions. Also, lunamarin 

possesses anticancer, immunomodulatory, 

anti-estrogenic, and anti-amoebic properties 

(Ugoezeet al.,2020). These alkaloid contents 

could be attributed to some of the 

pharmacologic properties of the extract of S. 

mombin stem bark. Several other 

phytochemicals, such as resveratrol, 

chlorogenic acid, and steroids, were also 

determined. 

Phytoconstituents contained in the plant as 

revealed in this study via the GC-MS profiling 

of the methanol extract of S. mombin stem bark 

(Table 3 and Figure 2) indicates a rich array of 

bioactive compounds, some of which have 

diverse pharmacological potentials. Notable 

among them was linoleic acid in S. mombin, a 

precursor of arachidonic acid, the primary 

unsaturated 20-carbon fatty acid required to 

produce prostaglandins (PGs) via the 

cyclooxygenase pathway. PGs are crucial for 

preserving the integrity of the gastroduodenal 

mucosa by promoting mucosal bicarbonate 

secretion, accelerating cell proliferation, and 

improving mucus secretion and mucosal blood 

flow (Brozozoswki et al., 2005). Additionally, 

they enhance lysosomal stability and mucosal 

phospholipid synthesis. Thus, a higher intake 

of linoleic acid may increase the generation of 
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endogenous PGs, promoting gastric health 

(Pagkalos et al., 2009).Orunmwensodiaet al.  

(2020) study on the GC-MS profiling of the 

oily hexane:ethylacetate fraction of S. mombin 

reported similar compounds in the fractions. 

CONCLUSION 

This study has established the presence of 

bioactive chemicals in the methanol extract of 

S. mombin stem bark, and these 

phytochemicals could be responsible for the 

plant’s medicinal properties.  
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