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					ABSTRACT  

					ARTICLE INFO  

					Honeybee produce a complex resinous substance called propolis, this substance has shown  

					promising biological activities and potential therapeutic applications. Thus, it is important to  

					identify potential biomarkers that maybe indicative of particular botanical sources or geographical  

					origins by carrying out a comparative analysis of propolis samples collected from four diverse  

					geographical locations in Western Nigeria (Ogun, Osun, Oyo, and Ondo states). Samples were  

					extracted using ethanol and Gas Chromatography-Mass Spectrometry (GCMS) was employed to  

					characterize the chemical composition of these samples, revealing significant variations across the  

					different regions. The Ogun State sample was rich in phenolic compounds. In contrast, the samples  

					from Osun and Oyo states exhibited a high abundance of triterpenoids, with β-Amyrone (99 %,  

					90%) and β-Amyrin (83 %, 86 %) respectively as major components while the sample from Ondo  

					was rich in esters. Notably, n-hexadecanoic acid was identified in all four samples, suggesting its  

					ubiquity in Western Nigerian propolis. N-hexadecanoic acid (palmitic acid) is a vital saturated  

					fatty acid having a variety of biological functions in humans, insects, and animals. These  

					compositional differences likely reflect the diverse flora available to bees in each region,  

					highlighting the importance of geographical origin in determining propolis properties. Therefore,  

					the observed chemical diversity suggests potential variations in biological activities and  

					therapeutic applications of propolis from these different locations. This study provides valuable  

					insights into the chemical signatures of Western Nigerian propolis, laying the groundwork for  

					further investigations into their biological activities and potential applications in natural product  

					development and therapeutics.  
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					The composition is highly affected by geographical location, plants in  

					such environment, harvest season and species of bees involved in its  

					production.7-9 This variability necessitates comprehensive chemical  

					Introduction  

					Honeybee produce a complex resinous substance called  

					propolis, this substance has shown promising biological activities and  

					potential therapeutic applications.1 These activities are dependent on the  

					chemical composition of propolis.2-3 Propolis which usually hardens  

					when dried is used by bees to cover surfaces, seal gaps, and serves as a  

					means for the bees to keep the temperature and moisture of their hive  

					constant all year long.4 Materials from plants have proven to provide  

					sterile environment that keeps out bacteria and spore-producing  

					organisms like mold and fungus.5 Besides using propolis for  

					embalming, bees also utilize it to mummify dead invaders—like other  

					insects—that are too heavy to be taken out of the hive.6 Since bacteria,  

					viruses, and other dangerous microbes can infiltrate the bee colony, it  

					is therefore thought to be a highly effective in buffering against  

					microbial infection in their hives. Propolis is a valuable bee extrude that  

					has been studied by several researchers. The chemical constituents have  

					been observed to vary.  

					profiling studies to elucidate the unique characteristics of propolis from  

					different regions, particularly in areas with rich biodiversity such as  

					Western Nigeria. Nigeria, with its diverse ecosystems ranging from  

					rainforests to savannas,10 provides an ideal environment for studying  

					the chemical diversity of propolis. Nigerian propolis has been shown in  

					earlier research to possess a variety of biological activities, such as  

					antibacterial, anti-inflammatory, and antioxidant qualities.11 However,  

					there is limited data on the detailed chemical makeup of propolis from  

					specific regions within the country, particularly Western Nigeria. This  

					we intend to fill by starting with the analysis of Gas Chromatography-  

					Mass Spectrometry (GCMS) of propolis samples from that region.  

					GCMS is used to identify bioactive compounds in extracts.12 It has the  

					ability to identify both volatile and semi-volatile compounds in extracts  

					by detecting and quantifying trace compounds, potentially revealing  

					unique biomarkers or region-specific constituents in samples of  

					propolis.8 This study therefore purposes to comparatively analyze the  

					propolis samples collected from diverse geographical locations across  

					Western Nigeria using GCMS, with the objective of elucidating the  

					region-specific chemical signatures and identifying potential  

					biomarkers that may be indicative of particular botanical sources or  

					geographical origins.  
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					Materials and Methods  
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					Sampling  

					Official Journal of Natural Product Research Group, Faculty of Pharmacy,  

					University of Benin, Benin City, Nigeria  

					Fresh propolis were collected from bee hives located in areas with rich  

					flora in four western states in Nigeria, Osun, Oyo, Ondo and Ogun  

					State. The sample in Osun State was collected from a Cocoa farm,  
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					laadin village, Iyanfoworogi, Ile Ife Osun, that of Oyo State was  

					collected from Idiamu, off Eruwa Road, Ido Local Government, Ibadan  

					the apiary is located in an environment where farmers plant crops like  

					maize, cassava and tree crops while that of Ogun state was collected  

					from Dassah farm where Tridax procumbens is the dominant plant, and  

					Ondo state sample was collected from Adeyeni farm estate, a farm  

					dominated by palm trees and teak trees at Akure, Ondo State, Nigeria.  

					The map showing the regions selected for this research is given in  

					Figure 1.  

					Figure 2: Chromatogram of bioactive compounds in Ogun State  

					Figure 1: Locations where the four samples were collected  

					Extraction of crude extracts  

					The dried samples (5 g) each were extracted using 20 mL of absolute  

					ethanol (99.7 %, JHD, China) using the maceration method, the extracts  

					were then introduced into flasks. The flasks were placed in an ultrasonic  

					bath and sonicated for 20 minutes. The extracts were then filtered and  

					transferred into vials for analysis.  

					Figure 3: Chromatogram of bioactive compounds in Osun State  

					GCMS analysis  

					An Agilent Technologies gas chromatograph with a model number  

					8890A connected to a 5977C inert mass spectrometer with an electron  

					impact source (manufactured in the United States) was used to conduct  

					the GCMS analysis. The chemicals were separated on an HP5 capillary  

					column coated with 5 % phenyl methyl siloxane; At a steady flow rate  

					of 1.4871 mL/min, an initial nominal pressure of 3.21 psi, and an  

					average velocity of 45.079 cm/sec, hydrogen was the carrier gas.  

					Samples were injected at 0.50 minutes using a purge flow of 21.5  

					ml/min in 10:1 split mode. With a run time of 23.52 minutes, the oven  

					was set to start at 80°C and ramp up at a rate of 17°C per minute to  

					310°C (10 min).  

					Potential compounds were examined from m/z 50 to 550 amu using the  

					mass spectrometer in electron-impact ionization mode at a scan rate of  

					2.62 s/scan. Based on the peak area created in the chromatogram, the  

					relative quantity of the constituents of each extract was expressed as a  

					percentage. To identify the constituents, the mass spectral data were  

					compared with those in the NIST 14 Mass Spectral Library.12,13-14  

					Figure 4: Chromatogram of bioactive compounds in Oyo State  

					The Ogun State sample (Table 1) was characterized by the presence of  

					phenolic compounds, particularly (Z)-3-(pentadec-8-en-1-yl) phenol  

					having 95 % quality and (Z)-3-(heptadec-10-en-1-yl) phenol with 72 %  

					quality. Phenolic compounds play essential roles in plant defense,  

					survival, and adaptation by participating in various biochemical and  

					ecological interactions. These compounds not only protect plants from  

					biotic (e.g., herbivores, pathogens) and abiotic (e.g., UV radiation,  

					drought) stresses but also contribute to plant structural integrity,  

					pigmentation, and physiological processes.18, 19  

					Results and Discussion  

					Natural product potentials (antioxidants, antidiabetics, antitumor,  

					phenolic, etc.) are dependent on the concentration of different  

					compounds present.15,16 The top bioactive compounds were identified  

					and are presented in Figures 2 to 5. The major compounds were  

					determined based on the highest intensity peaks in the analysis,  

					indicating their significant presence in the sample. These peaks  

					represent the most abundant compounds. The GCMS analysis of  

					propolis samples from four different states in Western Nigeria - Ogun,  

					Osun, Oyo, and Ondo – as presented in Tables 1-4 revealed significant  

					variations in their chemical compositions as expected. These  

					differences can be attributed to the diverse flora in each region, as the  

					chemical make-up of propolis is heavily influenced by the plant sources  

					available to bees (which are known to gather resins from tree buds, sap  

					flows, and other botanical exudates, which they then mix with wax,  

					pollen, and enzymes to produce propolis).17  

					There are reports on their antimicrobial and antioxidant properties and  

					are thus essential to drug design and development.20,21 Glycerin with  

					53 % quality was detected which is formed naturally through the  

					alcoholic fermentation of sugars. 5-heptylresorcinol having 91 %  

					quality which is a cannabinoid and has been used in the pharmaceutical  

					industry for producing antifungals and antibiotics was also detected.22  

					1-Octadecene (83 %) a long chain alkene along with hexadecanoic acid  

					(99 %) which is a fatty acid were also found.  
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					Table 2: Bioactive compounds in Propolis samples from Osun State  

					Area (Ab*s) Compound Name  

					Compd  

					RT (min)  

					Quality  

					Mol Weight  

					(amu)  

					number (#)  

					1

					2

					3

					4

					5

					6

					7

					12.081  

					47797578 n-hexadecanoic acid  

					99  

					41  

					99  

					42  

					35  

					92  

					94  

					256.24  

					14.08  

					14.552  

					14.813  

					14.991  

					15.41  

					19557214 Benzo[h]quinoline, 2,4-dimethyl-  

					46541204 Beta-Amyrone  

					207.105  

					424.371  

					222.144  

					222.056  

					424.371  

					424.371  

					15065644 Thymol, TMS derivative  

					35325121 Cyclotrisiloxane, hexamethyl-  

					3.77E+08 Beta-Amyrone  

					15.63  

					4.86E+08 4,4,6a,6b,8a,11,11,14b-Octamethyl-  

					1,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14b  

					-octadecahydro-2H-picen-3-one  

					2.73E+08 Beta-Amyrin  

					8

					9

					15.902  

					16.363  

					83  

					83  

					426.386  

					424.371  

					1.1E+09 4,4,6a,6b,8a,11,12,14b-Octamethyl-  

					1,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14b  

					-octadecahydro-2H-picen-3-one  

					10  

					17.002  

					79162204 1-benzazirene-1-carboxylic acid, 2,2,5a-  

					trimethyl-1a-[3-oxo-1-butenyl] perhydro-, methyl  

					ester  

					90  

					265.168  

					11  

					12  

					13  

					17.232  

					17.378  

					17.902  

					1.89E+08 Urs-12-en-3-ol, acetate, (3.beta.)-  

					44602717 Cyclotrisiloxane, hexamethyl-  

					3.48E+08 Urs-12-en-24-oic acid, 3-oxo-, methyl ester, (+)-  

					83  

					46  

					74  

					468.397  

					222.056  

					468.36  

					In contrast, the Osun State sample (Table 2) showed β-Amyrone (99 %)  

					and β-Amyrin (83 %) being the major components. These triterpenoids  

					are of high abundance and they are known for their anti-inflammatory  

					and hepatoprotective activities.23 The presence of urs-12-en-3-ol,  

					acetate, (3.beta.)- (83 %) and urs-12-en-24-oic acid, 3-oxo-, methyl  

					ester, (+)- (74 %), further emphasizes the triterpenoid-rich nature of this  

					sample.  

					Table 3: Bioactive compounds in Propolis samples from Oyo State  

					Compd  

					number  

					(#)  

					RT (min)  

					Area  

					(Ab*s)  

					Compound Name  

					Quality  

					Mol  

					Weight  

					(amu)  

					1

					2

					4.783  

					9713656 Hexanoic acid  

					49  

					99  

					99  

					96  

					38  

					96  

					45  

					60  

					90  

					86  

					58  

					38  

					116.084  

					12.07  

					13.18  

					30678260 n-hexadecanoic acid  

					256.24  

					284.272  

					336.376  

					207.105  

					282.329  

					222.108  

					424.371  

					424.371  

					426.386  

					424.371  

					207.047  

					3

					14307576 Octadecanoic acid  

					4

					13.819  

					14.07  

					13555699 1-Tetracosene  

					5

					39540650 Benzo[h]quinoline, 2,4-dimethyl-  

					23464492 Eicosane  

					6

					14.813  

					15.033  

					15.274  

					15.714  

					15.975  

					16.363  

					16.97  

					7

					42441798 2'-Hydroxy-5'-methylacetophenone, TMS derivative  

					52745230 Lanosta-8,24-dien-3-one  

					8.88E+08 Beta-Amyrone  

					8

					9

					10  

					11  

					12  

					5.22E+08 Alpha-Amyrin  

					6.82E+08 13,27-Cycloursan-3-one  

					49543020 1-methyl-4-phenyl-5-thioxo-1,2,4-triazolidin-3-one  

					The Oyo State sample (Table 3) exhibited a composition similar to that  

					of Osun State, with β-amyrone (90 %) and α-amyrin (86 %) as major  

					components. However, it also contained unique compounds like 2'-  

					hydroxy-5'-methylacetophenone (96 %) and 1-methyl-4-phenyl-5-  

					thioxo-1,2,4-triazolidin-3-one (38 %), which were not found in the  

					other samples.  
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					These compounds may contribute to specific biological activities of  

					propolis from this region. 2'-hydroxy-5'-methylacetophenone has been  

					observed to possess several activities including anti corrosion  

					inhibition24 while 1-methyl-4-phenyl-5-thioxo-1,2,4-triazolidin-3-one  

					has been found in plants such as Annona muricata extract and has been  

					proven to be potent against Staphylococcus aureus.25  

					such as octadecanoic acid, 17-methyl-, methyl ester (91) and 1-  

					benzazirene-1-carboxylic acid, 2,2,5a-trimethyl-1a-[3-oxo-1-butenyl]  

					perhydro-, methylester (25 %) and Acetic acid, 4,4,6a,6b,8a,11,12,14b-  

					octamethyl-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14b-  

					octadecahydropicen-3-yl ester (97 %). The presence of glycerin (59 %)  

					was also noted as seen in the sample from Ogun State. These  

					compounds suggest that the bees in this region may have access to  

					different plant sources compared to the other locations.  

					The Ondo State sample (Table 4) showed a distinct profile with the  

					presence of ursa-9(11),12-dien-3-ol (62 %), 3,5-ethanoquinolin-10-one,  

					decahydro-1,7-dimethyl-,  

					[3R-  

					(3.alpha.,4a.beta.,5.alpha.,7.beta.,8a.beta.)]- (38 %), and unique esters  

					Table 4: Bioactive compounds in Propolis samples from Ondo State  

					Area (Ab*s) Compound Name Quality  

					Compound  

					number (#)  

					RT (min)  

					Mol Weight  

					(amu)  

					1

					2

					3

					4

					5

					6

					4.783  

					7628403 Glycerin  

					50  

					59  

					10  

					99  

					91  

					38  

					92.047  

					4.836  

					8.73  

					6658339 Glycerin  

					92.047  

					346.282  

					256.24  

					7213452 Silane, chlorodimethyloctadecyl-  

					77844843 n-Hexadecanoic acid  

					12.081  

					12.227  

					13.065  

					8936466 Octadecanoic acid, 17-methyl-, methyl ester  

					11243731 3,5-Ethanoquinolin-10-one, decahydro-1,7-  

					dimethyl-, [3R-  

					312.303  

					207.162  

					(3.alpha.,4a.beta.,5.alpha.,7.beta.,8a.beta.)]-  

					75531776 Ursa-9(11),12-dien-3-ol  

					1.01E+08 1-Benzazirene-1-carboxylic acid, 2,2,5a-  

					trimethyl-1a-[3-oxo-1-butenyl] perhydro-, methyl  

					ester  

					7

					8

					14.615  

					16.373  

					62  

					25  

					424.371  

					265.168  

					9

					16.782  

					68917052 Acetic acid, 4,4,6a,6b,8a,11,12,14b-octamethyl-  

					1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14b-  

					octadecahydropicen-3-yl ester  

					97  

					466.381  

					The four samples contained n-hexadecanoic acid which is a saturated  

					fatty acid also known as palmitic acid. Fatty acids have been reported  

					to have antioxidant, anticancer and anti-inflammatory properties.26-28  

					Studies have shown that n-hexadecanoic acid contributes to cancer cell  

					death through multiple mechanisms28,29. Palmitic acid has been found  

					to trigger apoptosis via upregulation of caspase-3, caspase-9, BAX, and  

					p53, key regulators of programmed cell death28,30-32. Beyond apoptosis,  

					palmitic acid has been linked to autophagy, a cellular degradation  

					process with dual roles in cancer33.  

					Furthermore, palmitic acid is a vital fatty acid having a variety of other  

					biological functions in people (aside its anticancer properties), insects,  

					and animals. Across species, it functions as a signaling molecule,  

					structural element, and energy source. It is converted to ATP by beta-  

					oxidation after being stored as triglycerides34. It is an essential part of  

					phospholipids and helps keep cellular membranes stable and effective35.  

					Additionally, it contributes to the synthesis of sphingolipids36, which  

					are essential for signaling and neuronal function and other significant  

					lipids, such as palmitoylated proteins involved in intracellular signaling,  

					also depends on palmitic acid37. Ceramides, which control the moisture  

					and barrier function of the skin, are also produced by it36. It is frequently  

					found in skincare, medications, and cosmetics because of its emollient  

					qualities and in soaps, lotions, and creams, where it serves as a  

					moisturizing ingredient and surfactant.38  

					Figure 5: Chromatogram of bioactive compounds in Ondo State  

					Conclusion  

					In conclusion, since bees rely on various plants for the collection of  

					resins needed to produce propolis, demonstrating their intricate  

					relationship with the environment. The composition of propolis  

					depends on local flora, making it a unique and valuable substance with  

					antimicrobial and medicinal properties. This comparative analysis  

					demonstrates the chemical diversity of propolis samples from Western  

					Nigeria and underscores the potential of these natural products as  

					sources of bioactive compounds. It is important to note that while  

					GCMS analysis provides valuable information about the chemical  

					composition of propolis, further studies are needed to correlate these  

					chemical profiles with seasonal variations and the impact of climate  

					The variations in phytocompounds highlight the importance of  

					geographical and botanical diversity in propolis composition. These  

					differences suggest that propolis can serve as a valuable bioindicator of  

					local ecological conditions and plant diversity. Thus further research  

					should involve a correlation studies between specific plant species and  

					propolis composition and an extended sampling across more diverse  

					ecological zones in Nigeria.  
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					change on local flora could influence the composition of propolis over  

					time, warranting longitudinal studies in these regions.  

					12. Adekunle D, Faboro E, Lajide L. Identification and  

					quantification of bioactive compounds in different extracts  

					of Morinda lucida benth (rubiaceae) root using GC–MS  

					analysis. J. Niger. Soc. Phys. Sci. 2023:1534.  

					13. Edeoga HO, Okwu DE, Mbaebie BO. Phytochemical  

					constituents of some Nigerian medicinal plants. Afr. J.  

					Biotechnol., 2005; 4(7): 685-8.  

					14. Akinyemi KO, Oladapo O, Okwara CE, Ibe CC, Fasure KA.  

					Screening of crude extracts of six medicinal plants used in  

					South-West Nigerian unorthodox medicine for anti-  

					methicillin resistant Staphylococcus aureus activity. BMC  

					Complement. Altern. Med. 2005;5: 1-7.  

					The variations in chemical composition across these geographically  

					diverse samples highlight the importance of the local flora in  

					determining the properties of propolis. This diversity also suggests that  

					propolis from different regions may have varying biological activities  

					and potential therapeutic applications thus the unique chemical  

					signatures of propolis from each region could be exploited for the  

					development of region-specific natural products or therapeutics.  
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