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ABSTRACT - Industrialization has brought the need for an increase in raw material sources. 
On the other hand, globalization is seeking for waste utilization and recycling. In the quest to 
search for industrial raw materials from waste products, research was carried out on the 
thermal methanolysis (methanolic process) of leaves of Gmelina arborea using barium 
chloride as a catalyst. The methanolic process was conducted at 60oC reaction temperature 
and varying reaction times. The products were analyzed using gas chromatography and mass 
spectroscopy (GC-MS). The GC-MS analysis revealed the presence of benzofuran-2-
carboxaldehyde, 2,5-dimethyl 3-(H) furanone (DMHF), and 9-octadecenamide. These 
compounds are essential metabolites in the food, cosmetic, and pharmaceutical industries. 
The yields of the metabolites were 195.24 mg/g (4.94%), 79.96 mg/g (1.95%), and 364.76 
mg/g (8.89%). There is a decrease in the yield of each of the three products with reaction time. 
The production of the metabolites would further add value to the Gbmelina arborea plantation.  
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1.0 INTRODUCTION 

Metabolites (bioactive molecules) are essential raw materials for pharmaceuticals, food, and cosmetic industries. They 

are contemporary synthesized using other industrial chemicals. Thus, their production is expensive, nonrenewable, and 

may be menacing. Aligning to the global campaign for sustainability and renewability of raw materials for 

industrialization, there is a need for a renewable and sustainable approach to the production of these bioactive molecules. 

Such alternative methods will address the high cost of raw materials, utilize renewable materials and provide green waste 

management. Three bioactive molecules are considered for production using leaves of Gmelina arborea.  

1.1 Benzofuran-2-carboxaldehyde 

Benzofuran-2-carboxaldehyde (C9H6O2) also known as 2-benzofuran carboxaldehyde, benzo[B]furan-2-

carboxaldehyde, 1-benzofuran-2-carbaldehyde is a member of benzofuran [1]. It has 9 carbon, 6 hydrogens, and 2 oxygen 

atoms in its molecule. It is a crystalline solid with bitter almond odours and a CAS number 4265-16-1.  Benzofuran 

compounds are found useful as antibacterial, antifungal, anti-inflammatory, analgesic, antidepressant, anticonvulsant, 

antitumor, imaging, Anti-HIV, antidiabetic, antitubercular, antioxidant, and miscellaneous activity [2]. Miao et al. [1] 

described benzofurans as having anti-tumour, antibacterial, anti-oxidative, and anti-viral activities. Also, Khodarahmi et 

al. [3] described benzofuran compounds as anti-inflammatory, antimicrobial, antifungal, antihyperglycemic, analgesic, 

antiparasitic, and antitumor. Benzofuran-2-carboxaldehyde and other benzofuran derivatives are used to treat cancers[4, 

5, 6]. Sun et al. [7] reported using Benzofuran-2-carboxaldehyde for cancer treatment and inhibition of MCF7 and HepG2 

tumour proliferation. MCF-7 is a human breast cancer cell line with estrogen, progesterone, and glucocorticoid receptors 

[8] derived from the Michigan Cancer Foundation [9]. HepG2 is a human liver cell cancer line derived in 1975 from the 

tissue of a 15-year-old Argentine [10]. Human hepatoma is most commonly used in drug metabolism and hepatotoxicity 

studies [11, 12]. 

Benzonfuran-2-carboxaldehyde has coal tar as a natural source and can be obtained from the dehydrogenation of ethyl 

phenol [5]. However, ethyl phenol is in high demand for the production of phenolic resins [13] which is a very useful 

product. The extraction of benzofuran from coal tar takes a long time to complete (up to 24 hours) and requires a very 

high temperature (above 100oC) [14]. The production route is no doubt expensive. It can be naturally obtained from 

Asteraceae [15, 16, 17]. Asteraceae is a family of lettuce, sunflower seeds, artichokes, and sweetening agents [18, 19, 

20]. 

1.2 2,5-dimethyl-3(2H)-furanone 

The phytochemical compound, 2,5-dimethyl-3(2H)-furanone (C6H7O3) also known as 4-hydroxy-3(2H)-furanones are 

considered exceptional aroma compounds [21, 22]. It has a strong caramel-like odour and is used for flavoring jams, 

jellies, beverages, ice creams, alcoholic drinks, and sweets [23, 22, 24]. Xiao et al. [25] describe it as a potent aroma 

compound highly used in the food industry due to its attractive sensory properties. It is used extensively in jelly sweets 
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and gelation products such as ice cream Chan [26]. It has high demand due to its extensive use as a food flavouring agent 

[27]. It is found in many fruits such as brambles, mangoes, strawberries, and pineapples [28]. It is also found in tomatoes, 

and buckwheat [29]. 2,5-dimethyl-3(2H)-furanone was first obtained from pineapple and identified in 1965 [30, 25]. It 

can be produced from strawberries [31, 32]. 

The contemporary method of synthesizing DMHF is via a Maillard reaction between an organic acid (amino acid) and 

simple sugar (pentose) [33].  The process involves heating pentose sugar with glycine or L-alanine at 90 oC for one hour 

[34]. The Maillard reaction gives rise to harmful products, including a process contaminant, acrylamide (ACR) [35], 

heterocyclic amines, and advanced glycation end products (AGEs) [36]. This ACR is considered carcinogenic to humans 

[37]. 

1.3 9-Octadecenamide 

Oleamide or oleic acid amide are other names of 9-octadecenamide (C18H35NO) which belongs to the fatty amides 

class of organic compounds [38, 39].  It is a waxy solid, odourless, and insoluble but dispersible in water [40]. It is a 

primary amide discovered in the cerebral spinal fluid of sleep-deprived cats [41]. It was first detected in human plasm 

(serum) in 1989 [42]. Another useful phytochemical compound is 9-octadecenamide, which is a form stabilizer [43]. A 

report by Naumoska et al. [44] claimed that the introduction of 9-octadecenamide into the human body is metabolites in 

vivo into oleic acid. Mueller & Driscoll [42] reported that 9-octadecenamide has effects on thermoregulation and acts as 

an analgesic. It is well-known for being used as a lubricant and slip additive [45, 46].  It is an antioxidant used as a drug 

to induce drowsiness or sleep [47]. It has been extracted from the plant, Allium cepa (onion) using ethanol as a solvent 

[48]. It is also found in other plants such as Allium sativum (garlic), Triticum Vulgare (wheat), and Nigella sativa (black 

cumin) [49, 50]. The compound, 9-octadecemide is a natural product found in Glycine max (soybean) [51]. 

The contemporary method of producing 9-octadecenamide is via amidation reaction. The process involves the 

conversion of carboxylic acid, first, into ammonium salt, which then produces an amide on heating [52]. However, the 

aminolysis stage produces a mixture of primary, secondary, and tertiary amines and quaternary salt [53]. Separation of 

this complex mixture is complicated. 

The major sources of these three metabolites are vegetables which are sources of food. Their application in the 

extraction of these metabolites would cause food crises. These vegetables should be left for whole food consumption 

while another renewable, sustainable, and environmentally benign source that would not compete with food be used for 

the production of the metabolites. In this study, a novel production method, utilizing a renewable raw material (Gmelina 

arborea leaves), for the production of three bioactive molecules (benzofuran carboxaldehyde, 2,5-dimethyl-3(2H)-

furanone, and 9-Octadecenamide) was investigated. The leaves of Gmelina arborea are sustainable renewable and 

environmentally harmless. The production of the three metabolites is summarized in the Reaction Scheme 1. 

 

Scheme 1. Flow process diagram of methanolic process of bioactive molecules  

2.0 METHODS AND MATERIAL 

The materials used in this study include a 1000 mL Pyrex conical flask, a 1000 mL Pyrex beaker, a 1000 mL separating 

funnel, a glass funnel, a ceramic mortar, and pestle, a GallenKamp hot plate magnetic stirrer, a mercury in glass 

thermometer, and distilled water. The analytical reagents used were methanol and barium chloride. 

The dry leaves of Gmelina arborea were collected at Kaduna Polytechnic, Kaduna, Nigeria. It was cleaned, dried, and 

pulverized with ceramic mortar and pestle. The pulverized material was sieved with 250 and 300 μm mesh sizes following 

Ibrahim and Ali [54]. The methanolysis reaction was carried out as per Ibrahim and Ali [55]. A solution of 0.5g of a 

barium chloride catalyst in 500 mL distilled water was prepared in a 1000 mL conical flask. This 0.5 g barium chloride 

is equivalent to 1.0% (w/w) of 50 g of the feed (Gmelina arboria leaves). A mass of 50 g of the leaves was added to the 

catalyst solution and stirred. The solution was placed on a hot plate and heated to 60 oC for 10 minutes at the stirring rate 

of 250 rpm. The product was filtered into a 1000 mL beaker, first with cotton wool, and then with filter paper. The filtrate 
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was left in the beaker to settle for 5 hours and then decanted. The upper liquid content was decanted into a conical flask 

and weighed. The experiment was repeated for 20, 30, 40, 50, and 60 minutes, in turn. Samples of each product were 

collected and analyzed with GC-MS to determine the chemical components and their compositions. The procedure is as 

shown in the process flow diagram depicted in Figure 1. 

 

Figure 1. Flow process diagram of methanolic process of bioactive molecules  

3.0 RESULTS AND DISCUSSION 

The GC-MS analysis revealed the compositions of the three useful metabolites: DMHF, benzofuran-2-

carboxaldehyde, and 9-octadecenamide as presented in Table 1 The variation of the yield of the three metabolites with 

reaction time is depicted in Figure 1. Generally, there is a decrease in the yield of each of the three products with reaction 

time. This decreased behaviour could be attributable to a chain reaction. As residence time increases, the desired product 

may undergo further reaction producing an entirely different product. This speculation was equally inferred by Ali and 

Ibrahim [56] in research on the production of bio-disinfectant from Gmelina arborea leaf. The latter researchers inferred 

that a longer reaction time is unfavorable to the production of the 2,3-hydroxyl propanal due to chain reaction.  

Table 1. Yields of three essential molecules from Gmelina arborea leaf 

Reaction time (min) 10 20 30 40 50 60 

Benzo-2-carboxaldehyde 

Yield (%) 4.09 4.94 4.57 4.87 4.17 4.16 

2,5-Dimethyl-3(2H)-furanone 

Yield (%) 1.95 1.57 1.44 2.77 1.79 1.89 

9-Octadecenamide 

Yield (%) 8.89 7.88 7.70 8.58 8.71 9.12 

 

The three essential molecules have their highest yields within the first 20 minutes as depicted in Figure 2. The highest 

yield obtained by 9-octadecenamide was 364.76 mg/g in the 10-minute reaction time. Benzofuran-2-carboxaldehyde had 

its highest yield of 195.24 mg/g in the 20-minute reaction time. The highest yield for the third product, DMHF, was 79.96 

mg/g in the 10-minute reaction time. This production process favours the production of 9-octadecenamide over the other 

for all conditions of reaction times as depicted by the results in Figure 2. The yields of DMHF do not show much 

significant difference with reaction times. 

Katritzky et al. [57] reported a 67% yield of benzofuran-2-carboxaldehyde from the lithiation of DMF and POCl3 by n-

Butyllithium (n-BuLi). The production of 2,5-dimethyl-3(2H)-furanone (DMHF) carried out by Hecquet et al. [58] had 

a residence time of 11 days. The latter used D-fructose 1,6-bisphosphate, and sodium salt as the reactants and obtained 

the highest yield of 110 ppm. This yield is too insignificant for commercial production. Similarly, Koutsompogeras et 
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al. [31] produced DMHF using strawberries and 1,2-propanediol. The investigator obtained the highest yield of 48% 

after 4 days of reaction. Strawberry is a highly nutritional fruit and is used in the production of vitamin C due to its 

ascorbic acid content [59]. It is also used in the production of ice cream, jam, fruit leather, and mixed drinks [60]. Its 

use in the manufacture of bioactive metabolite may be competing and very expensive. 

 

 

Figure 2. Yields of the metabolites with reaction time  

Despite numerous applications of oleamide, Mueller & Driscoll [42] claim that the biochemical mechanism of its 

synthesis has not yet been defined. Abel-Anyebe et al. [43] carried out two separate aminolysis reactions at 50 minutes 

reaction time. In the first experiment, they used peanut oil while castor oil was used in their second experiment. They 

obtained 83% fatty amides of 9-octadecenamide (oleamide) and 79% fatty amides of hexadecanamide (palmitamide) from 

the first and second reactions, respectively. All the aforementioned processes have a long residence time and therefore do 

not favour commercialization. In contrast, the proposed method of production using leaves of Gmelina arborea has a short 

residence time. The process is renewable, and sustainable, and converts waste-to-wealth. 

4.0 CONCLUSION 

In this investigation, research was carried out on the thermal methanolysis of Gmelina arborea leaves using barium 

chloride as a catalyst. The GC-MS result of the product revealed the presence of benzofuran-2-carboxaldehyde, 2,5-

dimethyl 3-(H) furanone (DMHF), and 9-octadecenamide. The yields of these three metabolites were 195.24 mg/g 

(4.94%), 79.96 mg/g (1.95%), and 364.76 mg/g (8.89%), respectively. There is a decrease in the yield of each of the three 

products with reaction time. Thus, three bioactive molecules, 9-decenamide, benzofuran-2-carboxaldehyde, and DMHF 

can be synthesized from Gmelina arborea leaves via methanolysis. 
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biosynthesis of the strawberry flavor compound 4-hydroxy-2, 5-dimethyl-3 (2H)-furanone, encodes an enone 

oxidoreductase. The Plant Cell. 2006 Apr 1;18(4):1023-37. https://doi.org/10.1105/tpc.105.039784 

[33].  Amann A. Characterization and Pathway Investigation of Off-Flavor Formation in Stored Commercial Apple and Orange 

Juice Products. https://hdl.handle.net/11299/178913. 

[34].  Nagarajan A. Specific Rotation of Aqueous Dextrose and Sucrose Under the Influence of Amino Acids Glycine and L-

alanin Using LED Polarimeter (Doctoral dissertation). 2022. https://dx.doi.org/10.7302/6649  

[35].  Augustine DA, Bent GA. Acrylamide, a toxic maillard by-product and its inhibition by sulfur-containing compounds: A 

mini-review. Frontiers in Food Science and Technology. 2022 Dec 1;2:1072675. https://doi.org/10.3389/frfst.2022.1072675. 

[36].  Yu J, Yu X, Shi L, Liu W. Comprehensive analyses of advanced glycation end products and heterocyclic amines in peanuts 

during the roasting process. Molecules. 2023 Oct 10;28(20):7012. https://doi.org/10.3390/molecules28207012. 

[37].  Hong JH, Lee PA, Lu YC, Huang CY, Chen CH, Chiang CH, Chow PM, Jaw FS, Wang CC, Huang CY, Wang TW. 

Acrolein contributes to urothelial carcinomas in patients with chronic kidney disease. InUrologic Oncology: Seminars and 

Original Investigations 2020 May 1 (Vol. 38, No. 5, pp. 465-475). Elsevier. https://doi.org/10.1016/j.urolonc.2020.02.017 

[38].  Tanvir R, Sajid I, Rehman Y, Hasnain S. Fatty acid-based antimicrobials from Streptomyces sp. SORS-24, an endophyte 

isolated from Sonchus oleraceus. Letters in Applied Microbiology. 2023 Aug;76(8): ovad080. https://doi.org/10.1093/ 

lambio/ovad080 

[39].  Dahibhate NL, Kumar K. Metabolite profiling of Bruguiera cylindrica reveals presence of potential bioactive compounds. 

PeerJ Analytical Chemistry. 2022 May 4;4: e16. https://doi.org/10.7717/peerj-achem.16 

[40].  Motteran, F., Nascimento, R.F., Nadai, B.M., Titato, G.M., dos Santos Neto, Á.J., Silva, E.L. and Varesche, M.B.A., 2019. 

Identification of anionic and nonionic surfactant and recalcitrants compounds in commercial laundry wastewater by GC-MS 

analysis after anaerobic fluidized bed reactor treatment. Water, Air, & Soil Pollution, 230, pp.1-17. 

https://doi.org/10.1016/j.enzmictec.2007.03.011. 

[41].  Divito EB, Cascio M. Metabolism, physiology, and analyses of primary fatty acid amides. Chemical reviews. 2013 Oct 

9;113(10):7343-53. https://doi.org/10.1021/cr300363b. 

[42].  Mueller GP, Driscoll WJ. Biosynthesis of oleamide. Vitamins & Hormones. 2009 Jan 1; 81:55-78. 

https://doi.org/10.1016/S0083-6729(09)81003-0. 

[43].  Abel-Anyebe O, Idris N, Keita D, Ekpenyong KI, Yakubu MA. Fatty amides in minutes: Direct formation from fatty esters 

in a green synthetic process. Sci. 2020;8(1):18-28. doi: 10.11648/j.sjac.20200801.14 

[44].  Naumoska K, Jug U, Metličar V, Vovk I. Oleamide, a bioactive compound, unwittingly introduced into the human body 

through some plastic food/beverages and medicine containers. Foods. 2020 May 1;9(5):549. 

https://doi.org/10.3390/foods9050549 

[45].  Cyriac F, Tee XY, Chow PS. Tribological performance of polymeric friction modifiers under sliding rolling contact 

condition. Lubrication Science. 2024 Mar 1. 

 [46].  Lee J, Kim B, Lee JW, Hong CY, Kim GH, Lee SJ. Bioinspired Fatty Acid Amide‐Based Slippery Oleogels for Shear‐

Stable Lubrication. Advanced Science. 2022 Mar;9(8):2105528. https://doi.org/10.1002/ls.1678 

[47].  Atewolara-Odule OC, Olubomehin OO, Adesetan TO, Yussuf ST, Ogunmoye AO, Towolawi OR. Antibacterial and 

Antioxidant Activities of the Essential Oil from Nauclea latifolia (Smith) Leaves. Ife Journal of Science and Tech. 

2020;4(1):73-83. 

[48].  Rachmawati E, Suharti S, Sargowo D, Kinasih LS, Octaviano YH, Mutiah R, Ismail M, Nasih AM. Metabolite profiling, 

hypolipidemic, and anti-atherosclerosis activity of mixed vegetable fermentation extract. Saudi Pharmaceutical Journal. 

2023 May 1;31(5):639-54. https://doi.org/10.1016/j.jsps.2023.03.004 

[49].  Tanvir R, Javeed A, Rehman Y. Fatty acids and their amide derivatives from endophytes: new therapeutic possibilities from 

a hidden source. FEMS Microbiology letters. 2018 Jun;365(12): fny114. https://doi.org/10.1093/femsle/fny114 

 [50].  Abd El-Moez SI, Abdelmonem MA, Gomaa AM, Aziz MF. In vitro antibacterial activities of dietary medicinal ethanolic 

https://doi.org/10.1016


Ibrahim et al. │ Journal of Chemical Engineering and Industrial Biotechnology│ Vol. 10, Issue 2 (2024) 

journal.ump.edu.my/jceib  7 

extracts against pathogenic reference strains of animal origin. DOI: 10.5897/AJMR2013.5477 

[51].  Arias-Gaguancela O, Herrell E, Aziz M, Chapman KD. Two legume fatty acid amide hydrolase isoforms with distinct 

preferences for microbial-and plant-derived acylamides. Scientific Reports. 2023 May 9;13(1):7486. 

[52].  Acosta‐Guzmán P, Ojeda‐Porras A, Gamba‐Sánchez D. Contemporary approaches for amide bond formation. Advanced 

Synthesis & Cat. 2023 Dec 19;365(24):4359-91. https://doi.org/10.1002/adsc.202301018 

[53].  Gupta P, Bhandari S. Chemical depolymerization of PET bottles via ammonolysis and aminolysis. InRecycling of 

polyethylene terephthalate bottles 2019 Jan 1 (pp. 109-134). William Andrew Publishing. https://doi.org/10.1016/B978-0-

12-811361-5.00006-7 

[54].  Ibrahim H, Ali AM. A New Strategy to Synthesize Pentyl 2-hydroxy Benzoate from Renewable Gmelina arborea Leaves. 

Asian Journal of Advances in Research. 2023 May 27:232-6. 

[55].  Ibrahim H, Ali A. Facile Synthetical Method of Squalene from Vegetable Residue. Journal of Chemical Engineering and 

Industrial Biotech. 2023 Aug 31;9(1):8-12. DOI: https://doi.org/10.15282/jceib.v9i1.9369 

[56].  Ali AM, Ibrahim H. Valorization of Gmelina arborea Waste Leaves for the Synthesis of Bio-Disinfectants. International 

Journal Of Engineering And Computer Science. 2023 Sep;12(09). DOI: 10.18535/ijecs/v12i09.4752 

[57].  Katritzky AR, He HY, Long Q, Cui X, Level J, Wilcox AL. The preparation of some heteroaromatic and aromatic 

aldehydes. Arkivoc. 2000; 3:240-51. DOI: http://dx.doi.org/10.3998/ark.5550190.0001.307 

[58].  Hecquet L, Sancelme M, Bolte J, Demuynck C. Biosynthesis of 4-hydroxy-2, 5-dimethyl-3 (2 H)-furanone by 

Zygosaccharomyces rouxii. Journal of Agricultural and Food Chemistry. 1996 May 16;44(5):1357-60. 

https://doi.org/10.1021/jf950435j 

[59].  Hannum SM. Potential impact of strawberries on human health: a review of the science. Critical reviews in food science and 

nutrition. 2004 Jan 1;44(1):1-7. https://doi.org/10.1080/10408690490263756 

[60].  Chandler CK, Folta K, Dale A, Whitaker VM, Herrington M. Strawberry. Fruit breeding. 2012:305-25. 

 

 

 


