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1. INTRODUCTION 

Tapinanthus bangwensis (Loranthaceae) is a well known 

African mistletoe found growing on a variety of host 

plants, edible or non-edible (Orhue et al., 2014), 

obtaining part of its food from the latter. Like all 

mistletoes, it depends on its host for nutrients and water 

(Osadebe et Uzochukwu, 2006). T. bangwensis often 

grows on Theobroma cacao (Ogunbameru et al., 2026), 

Persea americana (Sakyiamah et al., 2023), Parkia 

biglobosa, Triclisia gilletii, Phyllanthus muellerianus 

(Efuntoye et al., 2010), Pachyra insignis, Cassia 

occidentalis (Njoya et al., 2023), and citrus plants such 

as Psidium guajava (Molehin et Adefegha, 2015), 

Citrus aurantifolia (Efuntoye et al., 2010), and Citrus 

sinensis (Ekhaise et al., 2010). However, only those that 

grow on edible plants are used for medicinal purposes 

(Orhue et al., 2014). This plant is used to treat numerous 

illnesses. Indeed, T. bangwensis is used for the treatment 

and management of ailments such as diabetics, 

hypertension, blood pressure, liver disorders, syphilis, 

asthma, epilepsy, cancer of the ovary and breast and 

acquired immunodeficiency syndrome (Sakyiamah et 

al., 2023; Ihegboro et al., 2020 ; Maza et al., 2017; 

Ekhaise et al., 2010). Various extracts from the leaves 

showed anti-inflammatory, hypolipidemic, antimicrobial, 

anti-diabetic, anti-hyperglycaemic, anti-

hyperproteinaemic, anticancer, hypotensive, and 

antioxidant activities (Sakyiamah et al., 2023; Ihegboro 

et al., 2020; Molehin et Adefegha, 2015; Adegoke et 

Oloyede, 2012). Chemical studies conducted on various 

organs of T. bangwensis have made it possible to 

highlight different chemical groups and to isolate 

numerous compounds. Hence, phytochemical analysis 

carried out on T. bangwensis leaves ethanol and aqueous 

extracts revealed the presence of phenols, alkaloids, 

tannins, flavonoids, saponins, quinones, carbohydrates, 

and glycosides (Alang et al., 2024). Efuntoye et al. 

(2010) also highlighted the presence of tannins, 
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ABSTRACT  

The present study focuses on the isolation and structural determination of Trigonelline, a compound with multiple 

biological properties, from Tapinanthus bangwensis leaves. The isolation and purification of this compound from 

the crude ethanolic extract of the plant's leaves were carried out by combining silica gel column chromatography 

and Sephadex
®
 LH-20. The elucidation of the structure of Trigonelline, isolated for the first time from the plant, 

was made possible by the analysis of one- and two-dimensional 
1
H and 

13
C NMR spectra, IR and mass 

spectrometry. The evaluation of antioxidant activity by the DPPH method of the ethanol, ethyl acetate, and hexane 

extracts showed that the hexane extract was the most active (IC50 = 8.33 µg/mL). Furthermore, phytochemical 

screening of the different extracts using color and precipitation reactions revealed the presence of 

leucoanthocyanins, saponins, and sterols and terpenes in all extracts. 
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alkaloids, saponins, and flavonoids in methanol and 

chloroform extracts from the same plant organ. In 

addition, triterpenoids and carbohydrates have been 

isolated from seeds and stem (Maza et al., 2017; 

Atewolara-Odule et al., 2020; Njoya et al., 2023) while 

gallic acid derivatives were isolated from the leaves of 

the plant (Patrick-Iwuanyanwu et al., 2014; 

Atewolara-Odule et al., 2020). As a continuation of our 

work on the search for new biologically active 

compounds from medicinal plants, this work was carried 

out on Tapinanthus bangwensis leaves growing on 

Persea americana tree. The present study reports for the 

first time the isolation and structural determination of 

Trigonelline from the ethyl acetate fraction of 

Tapinanthus bangwensis leaves.  

 

2. MATERIAL AND METHODS 

2.1. General experimental procedures 

Infrared (IR) absorption spectrum was recorded on a 

Bruker Vector 22 Fourier Transform Spectrometer 

(Champs-sur-Marne, France). The absorption bands (ν) 

were expressed in cm
-1

. The NMR spectra were carried 

out on a Bruker AM-400 spectrometer (400 MHz) using 

D2O as solvent. The solvent signals were used as 

references. HR-ESI/MS spectrum was registered with an 

Agilent 6530 Q-TOF spectrometer (Les Ulis, France) 

equipped with an ESI source operating with a positive 

polarity. The antioxidant activity was assessed using a 

UV/Vis spectrophotometer (JENWAY 

Spectrophotometer). Leaves were ground using a Retsch 

apparatus (Eragny sur Oise, France). Thin-layer 

chromatographies were carried out on aluminium plates 

coated with silica gel 60 F254 (Merck) and visualized 

with UV light (254 and 365 nm) then sprayed with 

phosphomolybdic acid. The chromatography columns 

were performed on silica gel (Merck, 40-63 µm) or 

Sephadex
®
 LH-20 (Pharmacia). Chemicals and solvents 

were purchased from Sigma-Aldrich.  

 

2.2. Plant material 

Leaves of Tapinanthus bangwensis growing on an 

avocado tree (Persea americana) were harvested in 

August 2013 in Adiopodoumé, south of Côte d'Ivoire. 

The plant samples were identified by the botanist TEHE 

Henry from Centre Suisse de Recherche Scientifique 

(CSRS, Côte d'Ivoire) where a voucher specimen has 

been deposited under the reference TB-KABRAN-

Adiopodoumé 2013-1.  

 

2.3. Extraction and isolation 

The dried and powdered leaves of Tapinanthus 

bangwensis (500 g) was extracted by maceration in 

ethanol 96% (2 L) at room temperature (25°C) three 

times in a row for 24 hours. After filtration and 

evaporation of the solvent, 70 g of a greenish residue 

(TbE) was obtained. This residue was then counter-

extracted successively by hexane (100 mLx3) and ethyl 

acetate (100 mLx3) after dissolution in an ethanol/water 

(50:50) mixture (200 mL). The organic phases, after 

filtration and removal of the solvent by rotary 

evaporator, yielded 12 g of a greenish hexane extract 

(TbH) and 7 g of a brownish ethyl acetate extract (TbA). 

6g of the ethyl acetate extract were fractionated on a 

silica gel column under atmospheric pressure, using the 

dichloromethane/ethyl acetate/methanol (10:80:10) 

system as the mobile phase. After collection and 

grouping of the eluates according to their 

chromatographic profiles by TLC (revealed by 

phosphomolybdic acid and UV 254 nm, and 365 nm), 10 

fractions (F1-F10) were obtained. Fraction F10 (12 mg), 

which had the best chromatographic profile on TLC, was 

purified by Sephadex
®

 LH-20 gel column 

chromatography using dichloromethane/ethanol (2:1) 

mixture as eluent to give 5 mg of compound (1). 

 

2.4. Identification of compound (1) 

Trigonelline (1): white amorphous solid; IR νmax 3078, 

2918, 2360, 2340, 1641, 1610, 1580, 1375, 1215, 1046, 

768 cm
-1

; HR-ESI/MS (m/z) 138.0551 [M+H]
+
 

(Calculated 138.0555); 160.0377 [M+Na]
+
; 297.0893 

[2M+Na]
+
 (Molecular formula C7H7NO2); 

1
H and 

13
C 

NMR data (See Table 1). 

 

2.5. Phytochemical screening 

Phytochemical screening was carried out on TbE, TbA 

and TbH extracts using color and precipitation reactions 

in tubes to determine the major secondary metabolites 

according to the methods described by Tiwari et al. 

(2015), Afolayan (2023), Yao et al. (2026), and Chennu 

et al. (2026) with some slight modifications for certain 

tests. 

 

2.5.1. Terpenoids and steroids 

Tiwari et al. (2015) method with some modifications 

was used for this test. A 5 mL aliquot of the solution to 

be analyzed was evaporated to dryness in a capsule over 

a sand bath. The resulting residue was dissolved under 

heat in 1 mL of acetic anhydride and then transferred to a 

test tube to which 0.5 mL of concentrated sulfuric acid 

was added. The reaction is positive if a purple or violet 

ring appears, turning blue and then green. 

 

2.5.2. Alkaloids test 

The alkaloids were detected by the method described by 

Yao et al. (2026). 

 

2.5.3. Flavonoids 

Flavonoids were characterized by the cyanidin reaction 

according to the method described by Chennu et al. 

(2026). Briefly, in a test tube, 5 mL of the extract were 

mixed with 5 mL of hydrochloric alcohol (an 

equivolume mixture of ethanol, distilled water, and 

concentrated hydrochloric acid), 1 mL of n-amyl alcohol, 

and a few magnesium turnings. The appearance of a 

pinkish-orange (flavones), pinkish-purple (flavanones), 

or red (flavonones, flavanonols) color, collected in the 

supernatant of n-amyl alcohol, indicates the presence of a 

free flavonoid (genine). The colors are less intense with 

flavone glycosides. 
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2.5.4. Polyphenols 

Polyphenols were determined by the method described 

by Yao et al. (2026). 

 

2.5.5. Saponins 

One gram of plant powder was placed in a 250 mL 

Erlenmeyer flask, and 100 mL of distilled water was 

added. The resulting mixture was gently heated, filtered, 

and cooled. Ten mL of the filtrate was transferred to a 

test tube and shaken vigorously for 15 seconds. The tube 

was then placed upright for 15 minutes. If foam persists 

after this time, the plant material contains saponins. 

 

2.5.6. Anthocyanins 

To 5 mL of extract, 5 mL of sulfuric acid were added, 

followed by 5 mL of ammonium hydroxide. The 

presence of anthocyanins is indicated if the color 

intensifies upon acidification and then turns blue-violet 

in a basic medium. 

 

2.5.7. Leucoanthocyanins 

Leucoanthocyanins were characterized by the cyanidin 

reaction without the addition of magnesium turnings, 

after heating for 15 minutes in a water bath. In the 

presence of leucoanthocyanins, a cherry-red or purplish 

color develops. Catechols produce a reddish-brown hue. 

 

2.5.8. Anthraquinones test 

The method described by Yao et al. (2026) was used to 

characterize anthraquinones. 

 

2.5.9. Catechic tannins 

One mL of hydrochloric alcohol solution (an equivolume 

mixture of ethanol, distilled water, and concentrated 

hydrochloric acid) was added to 5 mL of infusion. The 

resulting solution was then boiled for 15 minutes. The 

formation of a red precipitate soluble in amyl alcohol 

indicates the presence of catechic tannins. 

 

2.5.10. Gallic tannins 

5 mL of Stiasny's reagent (a mixture of 10 mL of 40% 

formaldehyde and 15 mL of concentrated hydrochloric 

acid) were added to 10 mL of infusion. The resulting 

solution is boiled for 15 minutes in a water bath. The 

formation of a precipitate indicates the presence of gallic 

tannins. 

 

2.5.11. Phlobatannins 

The method described by Afolayan (2023) was used for 

this test. 

 

2.5.12. Cardiac glycosides 

To 5 mL of extract, 2 mL of glacial acetic acid 

containing one drop of ferric chloride solution were 

added. To the resulting solution, 1 mL of concentrated 

sulfuric acid was added. The formation of a brown ring 

at the interface indicates the presence of cardenolides. A 

violet ring appears below the brown ring, while a 

greenish ring gradually forms within the acetic acid 

phase. 

2.5.13. Indoles test 

Indoles were characterized by Salkowski’s reaction. The 

method used was that described by Yao et al. (2026). 

 

2.5.14. Quinones 

Borntraeger's reagent (ammonia diluted 2:1) allowed for 

the detection of quinones. Two mL of the extract were 

evaporated to dryness. The residue was reconstituted 

with 5 mL of hydrochloric acid (1:5) and then boiled for 

30 minutes in a water bath. After cooling under running 

cold water, the hydrolysate was extracted with 20 mL of 

chloroform. 0.5 mL of Borntraeger's reagent was added 

to the collected organic phase. A color change to red or 

purple indicates the presence of quinones. 

 

2.6. Antioxidant activity 

The antioxidant activity of the extracts was performed 

using the DPPH radical scavenging method as described 

by Yao et al. (2026). Vitamin C and Quercetin were 

used as reference compounds. 

 

3. RESULTS AND DISCUSSION 

3.1. Phytochemical analysis 

Table 1 groups together the results of the major chemical 

groups highlighted in the TbE, TbA and TbH extracts. 

 

Table 1: Phytochemical screening of Tapinanthus 

bangwensis leaves extracts.  

 Extracts 

Phytochemicals TbE TbH TbA 

Polyphenols ++ - ++ 

Anthraquinones + - - 

Quinones - - - 

Alkaloids + - + 

Terpenoids and steroids ++ + + 

Flavonoids ++ - ++ 

Leucoanthocyanins ++ + ++ 

Saponins ++ + ++ 

Anthocyanins - - - 

Catechic tannins + - + 

Gallic tannins ++ - ++ 

Phlobatannins + - + 

Cardiac glycosides - - - 

Indoles - - - 

(-): Negative; (+): Positive; (++): More positive 

 

The results revealed the presence of leucoanthocyanins, 

saponins, and terpenes and sterols in all tested extracts. 

Anthraquinones were detected only in the TbE extract, 

while quinones, anthocyanins, cardiac glycosides and 

indoles were absent from all extracts. Our results are 

partially in agreement with those of Alang et al. (2024) 

and Ekhaise et al. (2010). The first authors showed the 

presence of quinones and glycosides in the ethanolic and 

aqueous extracts of the plant's leaves, while the second 

authors demonstrated the absence of alkaloids and 

anthraquinones in the methanolic extract of the same 

plant organ. Similarly, Efuntoye et al. (2010) showed 

the absence of anthraquinones in the methanol and 
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chloroform extracts of the same plant organ, whereas 

these compounds are present in the TbE extract. These 

differences could be explained, on the one hand, by the 

extraction solvents (Karthiraja et al., 2025; Lee et al., 

2024), and on the other hand, by the nature of the host 

plant on which T. bangwensis was harvested (Edagbo et 

al., 2024). Indeed, Efuntoye et al. (2010) showed that 

the antibacterial activity of T. bangwensis is influenced 

by the host plant, whereas the biological activity of a 

plant is linked to its chemical composition. Furthermore, 

the presence of these compounds in the plant could 

justify its various biological potentialities (Alang et al., 

2024; Efuntoye et al., 2010) as well as its uses in 

traditional medicine (Ogunbameru et al., 2026). 

 

3.2. Structural elucidation of compound (1) 

Purification by combination of silica gel column 

chromatography and Sephadex
®
 LH-20 of the ethyl 

acetate fraction from the ethanol extract of Tapinanthus 

bangwensis leaves yielded compound (1). 

N

CH3

COO

1

2

3

4

5

6

7

8

 
Figure 1: Structure of Trigonelline isolated from 

Tapinanthus bangwensis. 

 

Compound (1) was obtained as a white, amorphous solid 

(Fig. 1). The molecular formula of (1) was established as 

C7H7NO2 based on the protonated molecular ion [M+H]
+
 

at m/z 138.0551 (calcd for C7H8NO2, 138.0555) in HR-

ESI/MS (Fig. 2). The IR spectrum (Fig. 3) showed a 

large band at 3078 cm
-1

 characteristic of a carboxylic 

group. Two very close intense bands in the form of a 

“duck's beak” are also observed at 1610 and 1580 cm
-1

. 

The band at 1610 cm
-1

 is characteristic of an α, β-

unsaturated carbonyl group while the one at 1580 cm
-1

 is 

attributable to the C=C double bonds of an aromatic ring 

conjugated with the C=O (Supudompol et al., 2004; 

Widén et al., 1971). Furthermore, the bands visible at 

2918 and 1641 cm
-1

 are attributable to C-H imine and 

C=N
+
 vibrations respectively (Vildan et al., 2009). 

 

 
Figure 2: HR-ESI/MS (+) spectrum of compound. (1) 

 

The 
1
H and 

13
C NMR spectra of (1) indicated that it is an 

aromatic compound, specifically a substituted 

pyridinium derivative (Pernak et Rogoża, 2000). 

Indeed, 
1
H NMR spectrum (Fig. 4) revealed four (4) 

aromatic protons resonances (Table 2) at δH 9.05 (1H; s; 

H-2), 8.76 (1H; m; H-4), 8.01 (1H; t; J = 6.6 Hz; H-5), 

and 8.76 (1H; m ; H-6), and a methyl group at δH 4.37 

(3H; s; H-7).   
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Figure 3: IR spectrum of compound. (1) 

 

Table 2: NMR spectroscopic data (400 MHz, D2O) for compound. (1) 

Position δC (ppm) δH, m (J, Hz) HMBC COSY 

1 - - - - 

2 144.7 9.05, s (1H) C-3 ; C-4 ; C-6 - 

3 136.8 - - - 

4 146.0 8.76, m (1H) C-5 ; C-6 H-5 

5 127.6 8.01, t (1H ; 6.6) - H-4 ; H-6 

6 145.7 8.76, m (1H) C-4 ; C-5 H-5 

7 48.2 4.37, s (3H) C-2 ; C-6 - 

8 177.2 - - - 

 

The 
13

C NMR spectrum (Fig. 5) showed resonances for a carbonyl at δC 177.2 (C-8), five aromatic carbons at δC 144.7 

(C-2), 136.8 (C-3), 146.0 (C-4), 127.6 (C-5), and 145.7 (C-6), and a methyl group at δC 48.2 (C-7). 

 

 
Figure 4: 

1
H NMR spectrum in D2O of compound. (1) 

 

The different assignments were made using HSQC 

spectrum. The HMBC spectrum allowed to determine the 

positions of the different substituents on the pyridinium 

ring. Indeed, this spectrum showed significant 

correlations between protons H-7 and carbons C-2 and 

C-6, indicating that the methyl group is attached to the 

nitrogen atom. In addition, other important correlations 

were observed between proton H-2 and carbons C-3, C-4 

and C-6 on the one hand, and between proton H-6 and 

carbons C-4 and C-5 on the other (Fig. 6). From the 

above and in accordance with the mass of compound (1), 

the carboxylate group (COO
-
) was placed in position 3 

on the pyridinium ring, i.e. in beta position with respect 

to the nitrogen atom (Fig. 1). This position is 

corroborated by the strong deshielding of protons H-2, 

H-4 and H-6, in ortho and para positions in the 

pyridinium ring consistent with the mesomeric effect 

inside the latter. 
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Figure 5: 

13
C NMR (J-mod) spectrum in D2O of compound. (1) 

 

 
Figure 6: Important COSY and HMBC correlations for compound. (1) 

 

The homonuclear correlation spectrum 
1
H-

1
H COSY 

made it possible to confirm the positions of the 

substituents of the pyridinium ring through the 

correlations between protons H-4, H-5 and H-6 (Fig. 6). 

 

Based on spectral data, in agreement with the literature, 

compound (1) was identified as Trigonelline (Farag et 

al., 2015), a methyl betaine of nicotinic acid. This 

compound is isolated and described for the first time 

from Tapinanthus bangwensis as well as from the genus 

Tapinanthus. It occurs in many plants (Manas et Raka, 

2012) and is present in all plant organs (Ashihara et al., 

2015). Indeed, it has already been reported from Coffea 

arabica and C. canephora (Jeszka-Skowron et al., 

2020; Matsui et al., 2007), Trigonella foenum-graecum 

(Sekhar et al., 2024; Mounir et al., 2016), Raphanus 

sativus (Kuroda et al., 2018), Moringa oleifera (Manas 

et Raka, 2012), from numerous species of the genus 

Annona (Machado et al., 2013), Fabaceae family 

(Manas et Raka, 2012), etc. This compound possesses 

hypoglycaemic, hepatoprotective, cholesterol-lowering, 

anti-diabetic, antioxidant, anti-cancer, and 

cardioprotective properties (Sekhar et al., 2024; Costa 

et al., 2020; Kuroda et al., 2018; Farag et al., 2015). Its 

estrogenic, neuroprotective, and antibacterial activities 

have also been described (Ashihara et al., 2015). In 

addition, Trigonelline has nutritional benefits (Ashihara 

et al., 2015; Viani et Horman, 1974). The most 

important commercially available of this molecule is 

coffee (Coffea arabica and Coffea canephora) 

(Ashihara et al., 2015).  

 

3.3. Antioxidant activity  

DPPH method was used to evaluate the antioxidant 

activity of the extracts (TbE, TbA and TbH) and two 

references (Vitamin C and Quercetin) according to their 

mode of action. Fig. 7 summarizes the results obtained. 
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Figure 7: Antioxidant activity of extracts from Tapinanthus bangwensis leaves. 

 

All tested compounds possess antioxidant activity. The 

references used, Vitamin C (IC50 = 7.08 µg/mL) and 

Quercetin (IC50 = 3.33 µg/mL), are more active than the 

extracts TbE (IC50 = 20.83 µg/mL), TbA (IC50 = 10.83 

µg/mL), and TbH (IC50 = 8.33 µg/mL). Among the 

extracts tested, TbH is the most active with an activity 

comparable to that of vitamin C. The antioxidant activity 

of the hexane extract from leaves has already been 

demonstrated by Ihegboro et al. (2020). TbA and TbH 

were derived from the crude extract TbE and are more 

active than the latter. This reflects the fact that most of 

the active compounds in TbE are soluble in ethyl acetate 

and hexane. Furthermore, the most active extract (TbH) 

contains a greater number of these compounds, 

suggesting that they are lipophilic in nature, while TbH 

is nonpolar. Therefore, TbH and TbA could be a good 

source of bioactive compounds. In order to isolate and 

characterize the compounds responsible for the 

antiradical activity of TbA, which exhibited a relatively 

simple thin-layer chromatographic profile, this extract 

was purified. Purification allowed the isolation of 

Trigonelline, whose antiradical potential has already 

been demonstrated in the literature (Sekhar et al., 2024). 

The presence of this molecule in TbA could explain its 

antioxidant activity. Furthermore, the antioxidant activity 

of the ethyl acetate extract of T. bangwensis leaves has 

already been described by Bassey et al. (2012). In 

addition, previous studies showed that this extract 

possessed hepatoprotective (Patrick-Iwuanyanwu et 

al., 2010a), anti-inflammatory (Patrick-Iwuanyanwu et 

al., 2010b), and cytotoxic (Bassey et al., 2012) 

properties. According to these authors, all these 

properties are due to the presence of phenolic 

compounds in this extract (Patrick-Iwuanyanwu et al., 

2014). The results of our study clearly show that 

compounds of other chemical natures, such as  

 

 

 

Trigonelline, which is an alkaloid, could contribute to 

these activities. In addition. 

  

4. CONCLUSION 

The aim of this work was the isolation and structural 

determination of Trigonelline from the crude ethanolic 

extract of Tapinanthus bangwensis leaves. To do this, a 

phytochemical screening was first carried out to 

determine the major chemical groups present in the 

ethanol (TbE), ethyl acetate (TbA), and hexane (TbH) 

extracts by specific characterization tests in tubes. The 

results of these tests showed the presence of 

leucoanthocyanins, saponins, and sterols and terpenes in 

all extracts, justifying the use of the plant in traditional 

medicine for the treatment of certain diseases. The 

purification of the ethyl acetate fraction (TbA) from the 

crude ethanolic extract (TbE) by combinations of silica 

gel column chromatography and Sephadex
®
 LH-20 made 

it possible to isolate and characterize Trigonelline, an 

alkaloid with numerous biological properties isolated for 

the first time from the species. The presence of this 

molecule in TbA constitutes a major contribution to 

justifying the antioxidant potential of this extract. Indeed, 

the evaluation of the antioxidant activity of TbE (IC50 = 

20.83 µg/mL), TbA (IC50 = 10.83 µg/mL), and TbH (IC50 

= 8.33 µg/mL) by the DPPH method showed that TbH 

and TbA are the most active extracts, with activities 

comparable to that of vitamin C (IC50 = 7.08 µg/mL), 

used as a reference molecule. Furthermore, this study is a 

contribution to the chemical knowledge of T. 

bangwensis. 
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