

Chemical characterization of Anthocleista djalonensis A. Chev. and Uvaria chamae P. Beauv. extracts as potential insecticides of stored products against infestation. 


ABSTRACT
The bioactive compounds in Anthocleista djalonensis stem bark and Uvaria chamae root bark, through the standard procedures of phytochemical analysis and Gas Chromatography-Mass Spectrometry (GC-MS) analysis, were investigated for 30 days at the Science Technology Laboratory, Ibadan, and Department of Chemistry, Afe Babalola University, Ado-Ekiti, Nigeria. Fresh samples of the study plants were sourced, cleaned, dried, extracted, and concentrated for the analyses. Phytochemical analysis revealed the presence of alkaloids, tannins, saponins, flavonoids, phenols, steroids, cardiac glycosides, terpenoids, and anthraquinone in both test samples. The GC-MS profiling results for A. djalonensis stem bark and U. chamae root bark revealed the presence of 50 and 46 compounds, respectively. Insecticidal compounds such as n-Hexadecanoic acid, 9, 12-Octadecadienoic acid (Z, Z), Octadecanoic acid, and 9, 17-Octadecadienal (Z) -, cyclobarbital were identified. Bioactive compounds such as steroids, esters, fatty acids, phenols, terpenoids, alkaloids, organosilicon, aromatics, alcohols, and Central Nervous System depressants (CNS depressants) were profiled. New compound, cyclobarbital, was newly profiled in both study samples. The presence of the detected compounds in the plants could be responsible for their insecticidal activities and, thus, recommended as stored product protectants. 
Keywords: Anthocleista djalonensis, Bioactive compounds, GC-MS, Insect-pests, Uvaria chamae, Central Nervous System Depressant.

1. Introduction 
The need to protect stored products from insect pest infestation has given rise to the use of plants as protectants. Plants are rich sources of bioactive compounds, which may be deadly to insect physiological systems (Kim et al. 2003; Daoubi et al. 2005). Unlike conventional insecticides, which are based on a single active ingredient, plant-derived insecticides comprise a various set of chemical compounds that affect both the behavioural and physiological processes (Adeyemi, 2010). Thus, the chances of pests developing resistance to plant-based substances are less likely. These bioactive compounds belong to various categories: alkaloids, glycosides, tannins, steroids, phenols, flavonoids, glucosinolates, quinones, terpenoids, fatty acids, etc. Many of these plant compounds have also been recognised as potential health promoters in humans (Khan et al., 2012). They are inexpensive, locally available, non-toxic to non-target organisms, eco-friendly, and have proven to be highly effective in controlling insect pests (Iqbal et al. 2011).
Anthocleista species are fruticose plants with a height of 6-20 m, which belong to the Gentianaceae family in the major group Angiosperms (De Wilde 2011). The genus Anthocleista contains 14 species distributed in tropical Africa, in Madagascar and on the Comoros, out of which A. djalonensis A. Chev. is originated (Hyde et al. 2015). A. djalonensis are generally called “Cabbage tree” in English language (Keay 1989) and other indigenous names in Nigeria include: “Kwarii” by the Hausas, “Apa oro” or “Sapo” by the Yorubas, the Igbos call it “Mpoto” or “Okpokolo” and the Bayelsans call it “Osuo” (Anyanwu et al. 2013; Popoola 2019). It has been reported for its healing uses (Olubomehin et al. 2013). 
Uvaria chamae P. Beauv. is a climbing medicinal plant which belongs to the family Annonaceae. It naturally grows in the savannah and rainforest regions of West Africa and other tropical areas of the world (Emordi et al. 2015). It is commonly called ‘finger root’ or ‘bush banana’ in English language while in Nigeria, it is locally known as ‘Oko aja’ or ‘Eruju’ by the Yorubas, ‘Ayiloko’ or ‘Awuloko’ by the Igalas, ‘Nkarika Ikot’ by the Efiks, ‘Ogholo’ by the Esan people of Edo State, ‘Mmimi Ohia’ by the Igbos, ‘Kaskaifi’ by the Hausas and ‘Akotompo’ by the Akan-fainte of Ghana (Omale et al. 2013; Emordi et al. 2015; Olumese et al. 2016). It is a plant with medicinal, insecticidal, and nutritional properties (Omale et al. 2013; Negbenebor and Nusa 2019).
The choice of Gas Chromatography-Mass Spectrometry (GC-MS) for the study was informed by its exceptional sensitivity, which allows for detecting compounds at very low concentrations (Bassey et al. 2023). Despite the extensive use of GC-MS in the profiling of bioactive compounds in botanicals, there remains a notable knowledge gap in the GC-MS profiling of the sampled plants in this study. Therefore, this study aims to outline the bioactive compounds present in the ethanol extracts of the selected botanicals using GC-MS analysis.

2. Materials and methods
2.1 Collection and preparation of plants for extraction
Fresh samples of A. djalonensis stem bark and U. chamae root bark used for this study were obtained from the Botanical Garden of Ekiti State University, Nigeria. These plants were identified and authenticated by the Curator in the Department of Plant Science and Biotechnology of the University. The voucher specimens, numbered UHAE-20191033 and 20191037 for A. djalonensis stem bark and U. chamae root bark, respectively, were deposited in the University’s herbarium. The plant parts were washed separately three times, after which distilled water was used to remove adhering impurities. The plant parts were later dried on a sterile blotter under shade and then powdered in a Mascot Mixer Grinder (AN ISO 9001:2000; Titan Scales, Thane, Maharashtra, India). Twenty (20 g) grammes of each plant part were weighed (Bonvoisin Lab Scale 5000g×0.01g High Precision Electronic) separately into a tumbler and placed inside a Soxhlet extractor (Tianahu; KAYLA-lan). A mixture of n-hexane and ethanol (50/50) v/v was placed in a round-bottom flask. The flask was attached to the main Soxhlet extractor, and the condenser was attached to the extractor, which was connected to a pipe where there was a continuous flow of water. The extractor was heated to 90oC using a heating chamber for 3 h. The solvent was run through the tumbler containing the sample, and this trapped all the possible extract into the solvent inside the round bottom flask. The extract was then cleaned by passing it through a column packed with silica gel that had already been saturated with ethanol. The extracts were dried using a hydrous sodium sulfate (Na2SO4.nH2O). The purified extract was then concentrated using nitrogen concentration before being used for the analyses (Iyamah et al. 2017).
2.2 Phytochemical screening of the plants
The qualitative analyses of the plants were carried out at the Department of Chemistry, Afe Babalola University, Ado-Ekiti, Nigeria. The standard procedures as described by Ejikeme et al. (2014), and Ezeonu and Ejikeme (2016), Ehiobu and Ogu, (2018), and Abubakar et al. (2020).  were deployed to identify their secondary metabolites qualitatively and quantitatively.
2.3 Gas Chromatography-Mass Spectrometry (GC-MS) analysis of purified ethanol plant extracts
The analyses were carried out at the Science Technology Laboratory, Ibadan, Nigeria. The procedures of (Iyamah et al. 2017) were adopted with minor modifications. The GC-MS analyses of the botanicals were performed using a GC-MS [Model; Agilent technologies (GC-7890A, MS-5975C)] equipped with a VF–5 ms fused silica capillary column of 30 m length, 0.25 mm diameter and 0.25 mm film thickness. For mass spectra detection, an electron ionization system with an ionization energy of 70 eV was used. Helium gas (99.99%) was used as a carrier gas at a constant flow rate of 1 ml/min. Injection and mass transfer line temperatures were set at 200 °C and 240 °C, respectively. The oven temperature was programmed from 80 °C to hold for 2 min at 10 °C/min to 240 °C to hold for 6 min. 1 ml of the samples was manually inserted in the split less mode, with a split ratio of 1:40 and with a mass scan of 50–600 amu. The total running time of the GC-MS was 35 minutes. The relative percentage of each extract constituent was expressed as a percentage with peak area normalization. Interpretation of the mass spectrum of the plant extracts was conducted using the available database in the library of the National Institute of Standards and Technology (NIST 2023), which has more than 62,000 spectral patterns. The spectra of the compounds were compared with the spectra of the National Institute of Standards and Technology (NIST) library database. The molecular weight, structure of the components and formulae, as well as the names of compounds in the purified extracts, were later ascertained.

3. Results
Table 1 shows the results of the qualitative and quantitative phytochemical screenings of the botanicals. Alkaloids, tannins, saponins, flavonoids, phenol, steroids, cardiac glycosides, terpenoids, and anthraquinone were detected in different quantities in both plants. 
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	Plants 
	Alkaloids (mg/100g)
	Tannins (mg/g)
	Phenols (mg/g)
	Saponins (mg/100g)
	Steroids (mg/g)
	Anthraquinones (mg/g) 
	Flavonoids (mg/g)
	Cardiac Glycosides (mg/g)
	Terpenoids (mg/g)

	A. djalonensis stem bark


U. chamae root bark
	Quality 


Quantity
 
Quality


Quantity 
	+


9.75±0.05

+


2.39±0.02
	++


17.58±0.21

++


18.70±0.05
	+


1.82±0.21

+++


36.72±0.01
	+


10.36±0.01

+


6.46±0.04
	+


0.14±0.00

+


0.07±0.00
	+


0.23±0.01

+


0.15±0.00
	+++


37.35±0.01
++


16.35±0.01
	+


0.21±0.01
+


0.04±0.00

	+


0.25±0.00
+


1.22±0.00



Table 1: Phytochemical screening of the botanicals

Legend:  +++ (Strongly present), ++ (Moderately present), +(Present)
Table 2 presents some (see supplementary data for the full list) of the compounds identified in the purified extract of A. djalonensis stem bark. A total of 50 compounds were identified. Active principles like ester, ketone, steroid, fatty acid, aromatic, linoleic acid, cinnamic acid, organosilicon, organosulphur, CNS (Central Nervous System) depressant, and alkaloid were characterized and identified. Almost all the detected compounds recorded low peak areas. However, 6-Octadecenoic acid; 9, 12-Octadecadienoic acid (Z, Z)-; and 11-Dodecen-1-ol trifluoroacetate (40.58%), n-Hexadecanoic acid (20.64%), and Ergosta-4, 6, 22-trien-3.beta.-ol; Caffeic acid, 3TMS derivative (15.12%) recorded the highest occurrence. Stigmast-5-en-3-ol, oleate had the highest molecular weight of 679.20 g/mol and carbon atoms of C47 while 2-Pyrrolidinone, 1-methyl- had the lowest molecular weight of 99.17 g/mol and carbon atoms of C5 of all the compounds detected in the purified extract. All the compounds were detected within a retention time of 35 min. The chromatogram showing the peaks of the 50 detected compounds is presented in Figure 1. 
Out of the 46 compounds profiled in the purified extract of U. chamae root bark (see supplementary data for the full list) is presented in Table 2. Almost all the compounds detected recorded low peak areas below 2.14%. Nevertheless, n-Hexadecanoic acid, cis-Vaccenic acid, and Oleic Acid recorded the highest occurrences of 29.45% and 44.93%, respectively. Stigmast-5-en-3-ol- 3-ol, oleate had the highest molecular weight of 679.20 g/mol and a carbon atom of C47, while the lowest molecular weight of 120.19 g/mol was recorded by Benzene, 1-ethyl-2-methyl-, and Benzene, 1,2,3-trimethyl-. Cyclotrisiloxane, hexamethyl-, Benzenamine, 4-bromo-2-chloro-, and 2-Bromo-4-chloroaniline had the lowest carbon atoms of C6 each. Benzene, 1,2,3-trimethyl- and Benzene, 1,2,3-trimethyl- recorded the least retention time of 3:33 min, while it took Cholesta-7,14-diene, (5.alpha.)-, Cholest-5-en-3-ol, (3.alpha.)-, and psi-Cholesterol 21:62 min to be identified. Figure 2 presents the chromatogram showing the peaks of the 46 detected compounds.
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Table 2: Chemical constituents of purified extracts of the selected botanicals 
	Extract
	RT (MIN)
	PA (%)
	Compound name
	Nature of Compound
	MW
	MF
	CAS No./
PubChem CID

	A. djalonensis Stem bark
	3.23
	1.78
	Cyclotetrasiloxane, octamethyl-

	Organosilicon
	291.61
	C8H24O4Si4
	000556-67-2/11169

	
	3.61
	0.13
	2H-1,3-benzoxazine-6-

	Aromatic

	207.23

	C11H13NO3

	100400-54-1/68345546

	
	4.25
	0.13
	3-Methylindole-2-carboxylic acid,4,5,6,7-tetrahydro-, ethyl ester
	Ester


	207.27


	C12H17NO2


	037945-37-2/610086

	
	4.82
	0.51
	Lysergamide
	Alkaloid/Amide/Aromatic
	267.33
	C16H17N30
	000478-94-4/442072

	
	9.72
	0.20
	Cyclohexane-1,3-dione, 2-allylaminomethylene-5,5-dimethyl-
	Ketone
	207.27
	C12H17NO2
	104926-37-6/135421529

	
	12.28
	0.37
	cis-9,10-Epoxyoctadecan-1-ol
	Fatty Alcohol
	284.50
	C18H36O2
	013980-12-6/12550092

	
	14.87
	20.64
	n-Hexadecanoic acid
	Fatty Acid
	256.42
	C16H32O2
	000057-10-3/985

	
	16.49
	40.58
	6- Octadecenoic acid
	Fatty Acid

	282.50
	C18H34O2
	1000336-66 8/5282754

	
	16.74
	15.12
	Ergosta-4,6,22-trien-3.beta.-ol
	236763
	Steroids

	C28H44O
	034026-93-2/20831068

	
	17.06
	0.51
	Cyclobarbital
	Central nervous system depressant
	236.27
	C12H16N2O3
	000052-31-3/5838


	U. chamae root bark
	3.39
	0.22
	Benzene, 1-ethyl-2-methyl-
	Aromatic
	120.19
	C9H12
	000611-14-3/11903

	
	5.49
	0.46
	Methyltris(trimethylsiloxy)silane
	Organosilicon
	310.68
	C10H30O3Si4
	017928-28-8/28838

	
	5.82
	0.14
	2- Bromo-4-chloroaniline
	Ester
	296.47
	C6H5BrCIN
	000873-38-1/70110

	
	RT (MIN)
	PA (%)
	Compound name
	Nature of Compound
	MW
	MF
	CAS No./
PubChem CID

	
	9.95
	0.11
	1-(3,6,6-Trimethyl-1,6,7,7a-tetrahydrocyclopenta[c]pyran-1-yl) ethanone
Phenol, 2,6-bis(1,1-dimethylethyl)
	Ketone/Terpenoid


Phenol
	206.28


220.35
	C13H18O2


C15H24O
	1000194-97-2/605654

000128-39-2/31404

	
	15.00
	29.45
	n-Hexadecanoic acid
	Fatty acid
	256.42
	C16H32O2
	000057-10-3/985

	
	15.91
	0.22
	2-Myristynoyl-glycinamide

Cyclobarbital
	Fatty acid

Central nervous system depressant
	280.41

236.27
	C16H28N2O2

C12H16N2O3
	1000111-57-7/610025
000052-31-3/5838

	
	16.62
	44.93
	cis-Vaccenic acid

Oleic Acid
	Fatty acid

Fatty acid
	282.50

282.50
	C18H34O2

C18H34O2
	000506-17-2/5282761
000112-80-1/445639

	
	19.95
	2.14
	Ergost-5-en-3-ol, (3.beta.)-
	Steroids
	400.70
	C28H48O
	004651-51-8/173183

	
	20.89
	1.81
	tert-Butylhydroquinone, 2TBDMS derivative
	Phenolic ester
	394.70
	C22H42O2Si2
	1000352-80-2/91744604



RT = Retention time; PA = Peak area; MW = Molecular weight; MF = Molecular formula; PubChem Compound ID number (PubChem CID); Chemical Abstracts Service Registry Number (CAS No.).
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Figure 1:  GC-MS chromatograph of purified ethanol extract of A. djalonensis stem-bark
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Figure 2:  GC-MS chromatograph of purified ethanol extract of U. chamae root-bark





4. Discussion 
[bookmark: _Hlk192235245]According to Peiris et al. (2023), phytochemicals are a group of compounds naturally synthesized in plants. They exhibit various biological functions and contribute significantly to human health and well-being (Hasler and Blumberg 1999). In recent years, there has been an intense search for alternative solutions to conventional chemicals to curb the pest menace. The interest in plants and their chemo-biodiversity as a potential source significantly increased due to their sustainability, availability, and safety, among others. Plants are capable of producing an overwhelming variety of small organic molecules known as secondary metabolites (Cavoski et al. 2011). These metabolites often function as defence agents, providing plants with protection that is usually safer for humans with minimal residual effects on the environment than conventional chemical pesticides (Adeyemi 2010). The collection of secondary metabolites found in this work has been reported to play important roles (increased mortality, lowered food intake, weight reduction, retardation in development and decreased fecundity) in plant defence against insects and diseases (Rattan 2010; De Geyter 2012; Negbenebor 2012; and Popoola 2020). Current literatures present a notable limited information regarding the chemical principles identified within the botanicals investigated in this study. The efficacy of fatty acids in causing insect mortality, inducing repellence, and inhibiting growth has been established by various researchers (Figueroa-Brito et al. 2002; Adebowale and Adedire 2006; Ramos-López et al. 2012; Yousef et al. 2013a, 2013b; Aba et al. 2013; and Moustafa et al. 2018). Further validating the potent nature of botanicals, independent studies (De Geyter, 2012 and Shudh et al., 2020) have confirmed the significant role of steroids, demonstrating their strong deleterious effects on the survival, growth, and reproduction of a wide spectrum of insect pests. Likewise, the insecticidal activities (repellence, feeding deterrence, and contact toxicity) of steroid, ester, and organosilicon against Spodoptera frugiperda and Plutella xylostella larvae have been confirmed (Shilaluke and Moteetee, 2022). In addition to these compounds, the root bark extract of U. chamae was also found to contain phenol and terpenoids. The insecticidal and antifeedant properties of these active principles have been well documented (Shilaluke and Moteetee, 2022 and Pratyusha, 2022). Significantly, the identification of cyclobarbital, a known central nervous system (CNS) depressant in both botanicals is noteworthy and potentially represents its first reported occurrence. This was also detected in the flowers of Pergularia daemia (Singh et al., 2024). The toxicological mechanism of CNS depressants in insects works by targeting the neurotransmitters or receptors like Gamma-aminobutyric acid (GABA), glutamate and acetylcholine. Effects such as slowed movement, disrupted coordination, reduced sensory perception, inhibited feeding and mating behaviour, and eventual paralysis and death seen in insects could be attributed to the presence of CNS depressants in botanical.

5. Conclusions
This study, through GC-MS analysis, has identified the rich bioactive compounds present in the ethanolic extracts of A. djalonensis stem bark and U. chamae root bark. These compounds suggest their insecticidal potencies on insects. The use of these botanicals is hereby recommended for use as protectants of stored products against conventional insecticides. Also, the isolation of individual bioactive chemicals and subjecting them to biological activity on insects to know and understand their mode of action is recommended. 
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