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					ABSTRACT  

					ARTICLE INFO  

					Arabica coffee is the oldest coffee species cultivated in Timor-Leste and is distributed from  

					midland to highland regions. Alongside Arabica, several cultivars such as Catimor, Hibrido de  

					Timor (HdT), and Kartika have been traditionally grown, often mixed within the same plots,  

					leading to new genotypes with unique phenotypes. Accurate identification and characterization of  

					Arabica coffee thus require combined morphological, molecular, and phytochemical analyses.  

					This study involved morphological characterization, molecular identification using matK and  

					rbcL primers, phytochemical profiling by GC-MS, and antioxidant activity assessment via the  

					DPPH method. The organoleptic evaluation was also conducted through hedonic testing.  

					Molecular analysis with matK primers showed that all four samples were genetically closest to  

					Coffea arabica and Coffea eugenioides, while rbcL analysis indicated the Ainaro sample's closest  

					similarity to Coffea environmental. Phytochemical analysis revealed the presence of caffeine,  

					linoleic acid, and eicosadienoic acid in all samples. Antioxidant compounds such as phenols,  

					flavonoids, and tannins were detected across samples, with the highest antioxidant capacity found  

					in the Ermera sample (3616.26 mg/L GAEAC). The Aileu sample demonstrated the most potent  

					free radical scavenging activity, with the lowest IC₅₀ value (68.38 ppm). Organoleptic testing  

					highlighted Ermera coffee's superior color, taste, and aroma, with 67% of panelists rating it as  

					very good. These findings contribute to the comprehensive profiling and quality assessment of  

					Arabica coffee cultivars in Timor-Leste.  
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					Genetic diversity assessments based solely on morphological markers  

					are often unreliable due to environmental influences and limited crop  

					Introduction  

					Arabica coffee (Coffea arabica L.) is one of the oldest  

					cultivated coffee species and remains widely grown in several districts  

					of Timor-Leste. Its distribution spans from the midland to the highland  

					regions. In addition to Arabica, cultivars such as Catimor, Híbrido de  

					Timor (HdT), and Kartika have long been cultivated by local farmers.  

					Coffee cultivation practices in Timor-Leste often involve planting  

					multiple cultivars within the same field. This mixed-cultivar system can  

					lead to the emergence of new genotypes with distinct phenotypic  

					characteristics, primarily due to genotype-by-environment interactions.  

					Natural hybridization may occur among Arabica cultivars and other  

					coffee species growing nearby (sympatric conditions).1 One such hybrid  

					is the Híbrido de Timor (HdT), resulting from a natural cross between  

					Arabica and Robusta coffee.2 A study also provided evidence of gene  

					flow between C. arabica and C. canephora in mixed populations.3  

					Another study by Gimase et al., introgressions from other Coffea  

					species can enhance genetic diversity within Arabica cultivars, thus  

					strengthening their overall genetic foundation.2  

					management practices. In contrast, molecular identification enables the  

					detection of genetic variation at the DNA level, offering a more precise  

					approach. However, molecular characterization still requires supporting  

					morphological data to ensure accurate interpretation.4 Molecular  

					markers provide an efficient and reliable method for distinguishing  

					species and closely related cultivars.5 Among the earliest DNA  

					barcoding markers developed for plant identification are the matK and  

					rbcL genes.6 These standard primers are widely used for investigating  

					plant genetic diversity through DNA sequencing. The matK primer is  

					more commonly employed due to its higher discriminatory power at the  

					species level.7 Although matK is more difficult to amplify, it provides  

					greater species differentiation accuracy, reaching up to 97.42%,  

					compared to rbcL, which is easier to amplify but offers lower resolution  

					among closely related species.  

					In addition to genetic analysis, Arabica coffee is highly valued for its  

					phytochemical composition, particularly its secondary metabolites.  

					Interactions between genotypes, environmental conditions, and post-  

					harvest processing techniques influence the profile and concentration of  

					these phytochemicals.8,9,10 Among the most significant bioactive  

					compounds is caffeine, a purine alkaloid recognized for its antioxidant  

					properties, which help protect the body from oxidative stress caused by  

					free radicals.11 In a study that evaluated the antioxidant capacity of 33  

					commercial coffee samples from Brazil, values ranging from 9.9 to 15.4  

					g of gallic acid equivalents per 100 g of coffee were reported.12  

					Another notable advantage of Arabica coffee is its superior quality,  

					characterized by mild acidity, a strong and fragrant aroma profile, lower  

					caffeine content, and a distinctive, more complex flavor.13 Post-harvest  

					processing methods, particularly roasting, highly influence coffee  

					beans' unique aroma and flavor characteristics. Roasting is a critical  
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					stage in coffee production, transforming raw coffee beans into roasted  

					ones ready for consumption. According to a study by Purnamayanti et  

					al., approximately 30% of a coffee's flavor is determined by the roasting  

					process, 60% by the coffee variety, and 10% by the barista during  

					preparation.14 To comprehensively assess the quality of Arabica coffee,  

					organoleptic analysis must be conducted to evaluate the sensory  

					attributes.  

					Despite the importance of Arabica coffee, limited information is  

					available regarding the genetic, phytochemical, and organoleptic  

					diversity of coffee populations cultivated in Timor-Leste. Historical  

					practices of mixed-cultivar planting and natural hybridization among  

					Arabica cultivars and other Coffea species have likely generated  

					genetically diverse and phenotypically distinct coffee types.  

					Consequently, accurate species identification through morphological  

					and molecular approaches is crucial for preserving genetic resources  

					and understanding diversity. Phytochemical profiling further identifies  

					key biochemical traits linked to quality and market potential, while  

					organoleptic evaluation provides insights into flavor profiles preferred  

					by consumers and the specialty coffee industry.  

					Therefore, this study aims to characterize Arabica coffee cultivated in  

					Timor-Leste through morphological observation, molecular  

					identification, phytochemical analysis, and organoleptic evaluation.  

					This is the first comprehensive study integrating these multidisciplinary  

					approaches for Arabica coffee in Timor-Leste, providing novel insights  

					into its genetic diversity and quality attributes. The results are expected  

					to establish a valuable genetic resource database to support breeding  

					programs, enhance the competitiveness of Timor-Leste's coffee in the  

					international market, and contribute to the sustainable development of  

					its coffee industry.  

					margin shape, depth of leaf veins, leaf tip shape, presence of leaf  

					domatia, stipule shape, young leaf pigment color, mature leaf waviness,  

					leaf surface texture, leaf venation pattern, leaf arrangement, color of  

					unripe fruit, color of ripe fruit, fruit shape, fruit attachment on branches,  

					pulp thickness, endocarp texture, horn-shaped seed form, and horn-  

					shaped seed color. The qualitative morphological characterization was  

					conducted based on the guidelines provided by the International Union  

					for the Protection of New Varieties of Plants.15  

					Molecular Analysis  

					DNA isolation was performed using the cetyltrimethylammonium  

					bromide (CTAB) method as described.16 The quality and quantity of the  

					isolated genomic DNA were assessed using the NanoDrop ND-1000  

					(NanoDrop Technologies, Inc., Wilmington, DE, USA). DNA quality  

					was further evaluated through electrophoresis on an agarose gel. A 1%  

					agarose gel was prepared by dissolving 1 g of agarose in 100 mL of 0.5x  

					TBE solution and heating it on a hot plate until it reached boiling point.  

					The warm agarose solution was poured into the electrophoresis mold  

					and allowed to solidify. The gel was then placed in an electrophoresis  

					tank containing 0.5x TBE solution until fully submerged. DNA samples  

					(10 μL) were mixed with 2.5 μL of loading dye and then loaded into the  

					gel wells. Electrophoresis (BK-HET01, BIOBASE, China) was  

					performed at 110 V for approximately one hour. The resulting  

					electrophoresis image was used to determine the final DNA  

					concentration of 10 ng/μL for PCR amplification.  

					PCR amplification was performed using the following primer pairs:  

					matK gene:  

					Forward  

					CGTACAGTACTTTTGTGTTTACGAG-3'  

					Reverse primer (matK  

					primer  

					(matK  

					F):  

					5’-  

					R):  

					5’-  

					ACCCAGTCCATCTGGAAATCTTGGTTC-3'  

					rbcL gene:  

					Materials and Methods  

					Plant samples collection and identification  

					Forward  

					ATGTCACCACCAACAGAGACTAAAGC-3'  

					Reverse primer (rbcL R): 5’-GTAAAATCAAGTCCACCRCG-3’  

					primer  

					(rbcL  

					F):  

					5’-  

					The coffee samples were collected in August 2023 from plantations  

					owned by farmers in the districts of Aileu (Al), Ainaro (An), Ermera  

					(Er), and Manufahi (Mf), of Timor-Leste. These samples were  

					identified according to the guidelines provided by the International  

					Union for the Protection of New Varieties of Plants (UPOV).15 The  

					sampling locations are presented in Figure 1.  

					Morphological identification and organoleptic assays in this study were  

					conducted at the Laboratory of Genetic Resources and Molecular  

					Biology, Udayana University, Denpasar. Molecular analyses were  

					performed at the laboratory of PT Genetika Science, Jakarta, Indonesia.  

					Phytochemical analyses were carried out at the Food Technology  

					Laboratory, Faculty of Agriculture, Udayana University, and the  

					Forensic Laboratory of the Bali Police Department.  

					After being visualized using electrophoresis, the DNA samples were  

					subjected to sequencing. The sequences were edited and assembled into  

					contigs. The resulting data were analyzed using the BLAST (Basic  

					Local Alignment Search Tool) program to assess the alignment and  

					homology with the GenBank database. The sequences obtained from  

					BLAST were further aligned using the ClustalW program integrated  

					within BioEdit software (v7.2.5, Ibis Biosciences, USA).  

					Genetic distance estimation among species was conducted using  

					MEGA 11 software (v 11.0.13, 2021). Phylogenetic analysis was  

					performed using the Neighbor-Joining method, the Kimura 2-parameter  

					model, with 1000 bootstrap replications, and repeated with transition-  

					transversion and gaps handled by pairwise deletion.  

					Sampling Location Map  

					Phytochemical Analysis  

					Coffee beans were ground using a blender, and the resulting coffee  

					powder was sieved through an 80-mesh sieve to obtain a uniform  

					particle size. Then, 0.1 g of the powder was weighed and brewed with  

					100 mL of boiling water (100°C). The brew was stirred intermittently  

					using a magnetic stirrer for 5 minutes, then filtered through Whatman  

					no.1 filter paper to collect the filtrate. The concentrated filtrate was  

					stored in a clean, tightly sealed container for subsequent analysis of  

					flavonoids, total phenols, tannins, antioxidant activity, and the DPPH  

					IC₅₀ antioxidant test.  

					Flavonoid levels were determined using a colorimetric method  

					involving aluminum chloride reagent. To ensure precise analysis, the  

					samples were typically diluted with methanol or ethanol to  

					approximately 1 mg/mL. Total phenolic content was evaluated by  

					employing the Folin-Ciocalteu reagent assay. Samples were prepared at  

					concentrations ranging from 0.5 to 1 mg/mL according to standard  

					procedures.  

					Tannin concentration was analyzed using either the vanillin-HCl assay.  

					Sample concentrations were adjusted to 1 mg/mL. The antioxidant  

					capacity of the samples was determined using the Cupric Reducing  

					Figure 1: Map of the sampling locations  

					Morphological Characterization  

					This study employed a descriptive qualitative approach using direct  

					observation methods to assess the morphological characteristics of  

					Arabica coffee plants in the districts of Aileu, Ainaro, Ermera, and  

					Manufahi. The observed morphological traits included leaf shape, leaf  

					Antioxidant Capacity (CUPRAC) method.  

					A

					reaction mixture  

					containing CuCl₂, neocuproine, ammonium acetate buffer (pH 7.0), and  
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					the sample was incubated at room temperature for 30 minutes. Gallic  

					acid was used as the standard to construct a calibration curve, and the  

					antioxidant activity was expressed as milligrams of gallic acid  

					equivalent antioxidant capacity per liter (mg/L GAEAC).  

					Lastly, the DPPH IC₅₀ value was determined by preparing a series of  

					sample dilutions, generally between 10 and 1000 µg/mL, to find the  

					concentration required to scavenge 50% of the DPPH radicals. This  

					value was derived from plotting a dose-response curve based on the  

					absorbance data. All absorbance measurements were performed using a  

					UV-Vis spectrophotometer (Shimadzu UV-1800, Japan).  

					The Gas Chromatography-Mass Spectrometry (GC-MS) analysis was  

					performed using an Agilent 7890B MSD 5977B system with a Wakosil  

					ODS/5C18-200 silica column (4.6 x 200 mm), employing N₂ gas as the  

					carrier. The column temperature was set to 80°C, and the injection  

					temperature was 290°C, with a run time of 27 minutes at an injection  

					flow rate of 1 mL/min.  

					flat (integer) margins. Secondary veins were deep in Aileu, Ainaro, and  

					Ermera samples and medium-depth in Manufahi. All samples lacked  

					leaf domatia and exhibited triangular stipules, structures located at the  

					petiole base. Young leaf pigmentation showed two variations: strong  

					brown in Aileu, Ainaro, and Ermera samples and moderate brown in  

					Manufahi. The difference in leaf color is influenced by sunlight  

					intensity and chlorophyll content, with higher chlorophyll  

					concentrations found in leaves exposed to more intense light.¹⁷ Old  

					leaves in all samples exhibited an intense green color due to  

					chlorophyll, carotenoids, and anthocyanins, with color changes  

					resulting from pigment content fluctuations.¹⁸ Leaf surfaces were glossy  

					(Leavis), venation was pinnate (Penninerves), and leaf arrangement was  

					opposite. Regarding fruit characteristics, young fruits were green in all  

					samples. Ripe fruits showed two color variations: pink in Aileu, Ermera,  

					Manufahi, and dark red in Ainaro. Coffee fruits consist of beans (green  

					beans), an outer skin (exocarp), a fleshy layer (mesocarp), and a hard  

					shell layer (endocarp). Typically, coffee fruits contain two seeds,  

					although sometimes only one or none.¹⁹ Differences in ripe fruit color  

					can be influenced by harvest timing, as fruits picked before  

					physiological maturity often lack food reserves and have  

					underdeveloped embryos.²⁰  

					Organoleptic Assay  

					The organoleptic test was carried out using a hedonic scale, which was  

					transformed into a numerical scale. The test involved 20 panelists who  

					evaluated the sample based on sensory attributes.  

					All fruit samples were elongated and round, with weak fruit attachment  

					to the branch, thin pulp, and hard endocarp texture. The seeds were  

					round-elongated with a cream color. Coffee seeds are classified into two  

					types: those still covered by the horn skin and green beans with the horn  

					skin removed.²¹  

					Data Analysis  

					The forward and reverse primer sequencing results were assembled  

					using BioEdit software, compiled, and analyzed in the NCBI BLAST  

					program database. Ten sequences with the highest similarity, along with  

					the outgroup, were aligned using the ClustalW method. Sequence  

					similarity was determined by the percent identity obtained from BLAST  

					analysis. Genetic distance and the phylogenetic tree were constructed  

					using MEGA 11.0.13 software. Qualitative data from the organoleptic  

					test were analyzed using Microsoft Excel (v16, 2015, Microsoft  

					Corporation) and discussed descriptively.  

					The PCR amplification results of the four Arabica samples showed  

					well-defined DNA bands without smearing or downward streaking,  

					indicating high-quality DNA (Figures 3 and 4). This quality was  

					achieved through proper sample extraction methods, appropriate  

					annealing temperatures during water bath heating, and optimal primer  

					concentrations for DNA amplification. The DNA's purity directly  

					influenced the bands' clarity and intensity, with higher purity producing  

					clearer and thicker bands.²² Also, experience and technique in handling  

					the extraction process significantly affected the DNA quality obtained.²³  

					Based on the matK primer analysis, the Arabica coffee samples from  

					Aileu, Ainaro, and Ermera exhibited 100% similarity to each other,  

					while the sample from Manufahi showed a slightly lower similarity of  

					99.8% to the others. The closest reference species to all four Arabica  

					samples were Coffea arabica (DQ401346.1) and Coffea eugenioides  

					(AM412461.1), with similarity percentages ranging from 99.7% to  

					99.8%. Meanwhile, based on the rbcL primer analysis, the Arabica  

					samples from Aileu, Ainaro, and Manufahi demonstrated 100%  

					similarity, whereas the Ermera sample showed 99.8%. In this case,  

					Coffea arabica (DQ401346.1), Coffea eugenioides (AM412461.1), and  

					a Coffea sp. environmental sample (OR778588.1) exhibited 100%  

					similarity to the Aileu, Ainaro, and Manufahi samples (data not shown).  

					These relationships are further illustrated in the phylogenetic trees  

					shown in Figures 5 and 6.  

					Results and Discussion  

					Arabica coffee plants in this study exhibit several distinct  

					morphological characteristics, including leaf shape, leaf margin shape,  

					depth of leaf veins, leaf apex shape, leaf domatia, stipule shape, young  

					leaf pigment color, old leaf color, leaf surface, venation, leaf  

					arrangement, as well as fruit characteristics (such as young and ripe fruit  

					color, fruit shape, and attachment to the branch), pulp thickness,  

					endocarp texture, seed shape, and seed color. These characteristics are  

					summarized and illustrated in Figure 2.  

					Figure 3: Visualization of PCR amplification products using the  

					matK primer on Arabica coffee plant samples from (1) Aileu,  

					(2) Ainaro, (3) Ermera, and (4) Manufahi, visualized through  

					electrophoresis.  

					Figure 2: Morphological characteristics (old leaf, young leaf,  

					stipule, seed, and fruit) of Arabica coffee plants from Aileu,  

					Ainaro, Ermera, and Manufahi.  

					The leaf shape (circumscription) across the four Arabica coffee samples  

					was consistent, with all showing an elongated lanceolate form  

					(Lanceolatus oblongus) and an acuminate (Acuminatus) apex. Variation  

					was observed in the leaf margin: Ainaro samples had strongly undulated  

					margins with inward-curled edges (adaxial), Ermera samples were  

					moderately undulated, and Aileu and Manufahi samples had smooth or  
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					branch as Coffea arabica and Coffea eugenioides. The samples  

					exhibited close genetic relationship with Coffea arabica  

					a

					(DQ401346.1) and Coffea eugenioides (AM412461.1), resulting in  

					their sequences clustering on neighboring branches in the phylogenetic  

					tree. This result aligns with previous studies that show the close genetic  

					affinity between Coffea arabica and Coffea eugenioides, which belong  

					to the same genus and share similar genetic traits.²⁴  

					In the analysis using the rbcL primer with the Neighbor-Joining method,  

					three samples (Aileu, Ermera, and Manufahe) were grouped on the  

					same branch as Coffea arabica. In contrast, the sample from Ainaro  

					formed a distinct branch. The Aileu, Ermera, and Manufahe samples  

					were closely related to Coffea arabica (KC758285.1) and Coffea  

					eugenioides (MZ668328.1), whereas the Ainaro sample exhibited a  

					closer relationship with Coffea environmental (OR778588.1). The  

					differences in clustering observed in the Ainaro sample may indicate  

					regional genetic variation influenced by local environmental conditions,  

					genetic drift, or historical gene flow between populations.25  

					Figure 4: Visualization of PCR amplification products using the  

					rbcL primer on Arabica coffee plant samples from (1) Aileu, (2)  

					Ainaro, (3) Ermera, and (4) Manufahi, visualized through  

					electrophoresis.  

					The results of the determination of antioxidant, phenol, flavonoid, and  

					tannin contents of the samples are presented in Table 1. The table  

					provides insights into the bioactive compounds content of the Arabica  

					coffee bean extracts from the four sample locations. The antioxidant  

					activity of the Arabica coffee bean extracts from the four samples  

					showed significant differences, with the highest antioxidant activity  

					found in the Ermera sample (3616.12 mg/L GAEAC) and the lowest in  

					the Ainaro sample (1929.9 mg/L GAEAC). The IC50 values for  

					antioxidant activity, which indicate the concentration required to inhibit  

					50% of free radicals, were 68.38 ppm for Aileu, 107.94 ppm for Ainaro,  

					94.71 ppm for Ermera, and 82.36 ppm for Manufahe. A lower IC50 value  

					indicates more potent antioxidant activity. The Aileu sample exhibited  

					the most potent antioxidant activity, requiring the least concentration to  

					inhibit 50% of free radicals, followed by Manufahe, Ermera, and  

					Ainaro. This demonstrates that the Arabica coffee from Aileu has a  

					stronger capacity to neutralize free radicals than the other samples.  

					These findings are consistent with research indicating that coffee  

					exhibits significant antioxidant activity, primarily attributed to its  

					polyphenolic compounds, including chlorogenic acid and flavonoids.26  

					The phenol content in the Arabica coffee bean extracts from the four  

					samples showed variability, with the highest content found in the  

					Ermera sample (309.27 mg/100g) and the lowest in the Manufahe  

					sample (251.58 mg/100g). Phenolic compounds in coffee are known for  

					their antioxidant properties and play a significant role in protecting  

					against cancer, osteoporosis, and neurodegenerative diseases. These  

					compounds, particularly phenolic acids, exhibit bioactive effects that  

					help neutralize harmful free radicals.27  

					Figure 5: The phylogenetic tree of Arabica coffee plants based  

					on the matK gene was constructed using the Neighbor-Joining  

					method with 1000 bootstrap replicates.  

					The flavonoid content in the Arabica coffee bean extracts varied, with  

					the highest levels in the Ainaro sample (1505.86 mg/100g) and the  

					lowest in the Manufahe sample (958.85 mg/100g). Flavonoids, known  

					for their antioxidant properties, neutralize free radicals by donating a  

					hydrogen atom to stabilize oxidizing compounds. The mechanisms by  

					which flavonoids prevent free radical damage can be classified into  

					slowing down the formation of Reactive Oxygen Species (ROS),  

					breaking down ROS, and regulating antioxidants.28,29  

					The tannin content in the Arabica coffee bean extracts was highest in  

					the Ermera sample (627.49 mg/100 g) and lowest in the Manufahe  

					sample (923.20 mg/100 g). Tannins contribute to the astringency,  

					aroma, and taste of beverages like coffee. They are also known to bind  

					to cell walls, which can cause cell damage and inhibit bacterial  

					growth.30  

					Figure 6: The phylogenetic tree of Arabica coffee plants based  

					on the rbcL gene was constructed using the Neighbor-Joining  

					method with 1000 bootstrap replicates.  

					In the phylogenetic analysis using the matK primer and the Neighbor-  

					Joining method, all four coffee samples were grouped on the same  

					Table 1: Phytochemical Compound Analysis of Arabica Coffee Bean Extract  

					No  

					IC50  

					(ppm)  

					68.3803  

					Antioxidant activity  

					(mg/L GAEAC)  

					2719.90  

					Phenol  

					(mg/100 g)  

					275.67  

					Flavonoid (mg/100 g)  

					Tanin (mg/100 g)  

					Sample  

					Aileu  

					1

					1187.8116  

					1505.8624  

					1413.8057  

					958.8484  

					604.51  

					575.96  

					627.49  

					923.2  

					2

					3

					4

					Ainaro  

					107.9447  

					94.7116  

					82.3621  

					1929.29  

					3616.26  

					2239.93  

					309.90  

					309.27  

					251.58  

					Ermera  

					Manufahe  
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					promotes favorable body composition, and may help reduce systemic  

					inflammation and metabolic endotoxemia.32 In addition to caffeine,  

					other compounds identified included stearic acid, which is used in  

					lubricants, food additives, detergents, cosmetics, soaps, and shampoos,  

					and palmitic acid, which is used as an antibiotic to inhibit bacteria such  

					as Salmonella typhi, Shigella sp., and Enterococcus faecalis.33  

					Similarly, the GC-MS analysis of the four coffee samples identified  

					several compounds with various functions (Table 2). Caffeine was one  

					of the compounds detected in all four samples and had the highest area  

					percentage (Figures 7, 8, 9, and 10). It enhances alertness, reduces  

					fatigue, and improves physical performance by increasing endurance  

					and muscle contractions.31 It supports efficient energy utilization,  

					Table 2: GCMS results of Local Timor-Leste Arabica Coffee  

					Aileu Sample  

					No  

					1

					2

					3

					4

					5

					6

					(RT)  

					Area (%)  

					51.10  

					15.04  

					11.70  

					6.63  

					Compound  

					Trimethyl purine-2,6-dione  

					Hexadecanoic acid  

					(9Z,12Z)-octadeca-9,12-dienoic acid  

					2-buta-1,3-dien-2-ylphenol  

					Ethyl hexadecanoate  

					Group  

					Caffeine  

					Palmitic acid  

					Linoleic acid  

					Benzilidenaaseton  

					Stearic acid  

					13.105  

					15.033  

					16.751  

					19.021  

					15.423  

					16.957  

					3.06  

					3.98  

					ethyl (9Z,12Z)-octadeca-9,12-dienoate  

					Eicosadienoic acid  

					Ainaro Sample  

					1

					2

					3

					4

					5

					13.161  

					46.84  

					14.99  

					11.68  

					7.09  

					1,3,7-trimethyl purine-2,6-dione  

					Hexadecanoic acid  

					(9Z,12Z)-octadeca-9,12-dienoic acid  

					2-buta-1,3-dien-2-ylphenol  

					(1S,3R,4R,5R)-3-[(E)-3-(3,4-dihydroxyphenyl)  

					prop-2enoyloxy-1,4,5-trihydroxycyclohexane-  

					1-carboxylic acid  

					Caffeine  

					15.069  

					16.773  

					19.037  

					19.037  

					Palmitic acid  

					Linoleic acid  

					Benzilidena seton  

					Carboxylic acid  

					7.09  

					6

					7

					16.973  

					15.441  

					4.33  

					3.30  

					Ethyl (9Z,12Z)-octadeca-9,12-dienoate  

					Ethyl hexadecanoate  

					Eicosadienoic acid  

					Stearic acid  

					Ermera Sample  

					1

					2

					3

					4

					5

					6

					7

					13.136  

					16.10  

					13.98  

					9.88  

					4.36  

					3.02  

					1.49  

					1.33  

					1,3,7-trimethyl purine-2,6-dione  

					Hexadecanoic acid  

					(9Z,12Z)-octadeca-9,12-dienoic acid  

					Bis (7-methyl octyl) benzene-1,2-dicarboxylate  

					Ethyl hexadecanoate  

					Caffeine  

					15.094  

					16.782  

					20.273  

					15.430  

					18.216  

					Palmitic acid  

					Linoleic acid  

					Diisononilftalat  

					Stearic acid  

					Icosanoic acid  

					Arachidonate acid  

					2-O-(5-methyl  

					hexane-2-yl)  

					1-O- Dioktilftalat  

					21.118  

					nonyl benzene-1,2-dicarboxylate  

					Manufahe Sample  

					1

					2

					3

					4

					5

					13.135  

					42.72  

					13.72  

					10.22  

					6.88  

					1,3,7-trimethyl purine-2,6-dione  

					Hexadecanoic acid  

					(9Z,12Z)-octadeca-9,12-dienoic acid  

					2-buta-1,3-dien-2-ylphenol  

					Ethyl hexadecanoate  

					Caffeine  

					15.056  

					16.766  

					19.033  

					15.438  

					Palmitic acid  

					Linoleic acid  

					Benzilidena seton  

					Stearic acid  

					2.76  

					RT= Retention Time  

					Figure 7: Chromatogram Graph of Coffee Bean Extract from  

					Figure 8: Chromatogram Graph of Coffee Bean Extract from  

					Aileu  

					Ainaro  
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					each sample and its interaction with environmental conditions.38  

					A

					study by Casiglia et al. suggested that genetic, environmental, and  

					ecological factors can influence the variation in the number and types  

					of compounds, or chemical polymorphisms, within a plant species.39  

					Another researcher also observed that the chemical composition of  

					coffee beans varies depending on the coffee variety and the  

					geographical conditions in which the coffee is grown.40  

					An organoleptic test evaluates the sensory properties of a product, such  

					as sight, taste, and smell, to determine its preference and quality.41 In  

					this study, 20 panelists tested Arabica coffee samples from four  

					districts: Aileu, Ainaro, Ermera, and Manufahe. The results of the  

					organoleptic test are shown in Table 3. The coffee from Ermera  

					received the highest preference for color, while Aileu had the lowest.  

					The color of the coffee is influenced by post-harvest processing,  

					particularly roasting, which gives the coffee its characteristic dark  

					brown to black hue.42 Regarding taste, Ermera again had the highest  

					preference, while Aileu received the lowest. The variation in taste is  

					likely due to the protein content in the coffee beans, which affects the  

					bitterness during roasting, as well as other compounds such as alkaloids  

					and chlorogenic acid.43  

					Regarding aroma, Ermera coffee was preferred the most, while Aileu  

					was preferred the least. Aroma is influenced by the roasting process,  

					which generates compounds like caffeol, chlorogenic acid, and other  

					volatile compounds that contribute to the coffee's distinctive smell.44,45  

					The mean preference summary showed that coffee from Ermera was the  

					most favored, with an average preference score of 67%. This was  

					followed by Ainaro, which had a mean score of 62%. Coffee from  

					Manufahe received a mean score of 55%, while Aileu had the lowest  

					preference, with an average score of 48%. These findings indicate that  

					Ermera coffee was the overall favorite among the panelists, suggesting  

					that the sensory qualities, likely influenced by post-harvest processing  

					and roasting, were most favorable in this sample.  

					Figure 9: Chromatogram Graph of Coffee Bean Extract from  

					Ermera  

					Conclusion  

					The coffee samples from Aileu, Ainaro, Ermera, and Manufahe  

					exhibited distinct morphological traits, such as variations in leaf edge  

					shape, vein depth, and fruit color. Molecular analysis using the matK  

					and rbcL primers confirmed close genetic relationships with Coffea  

					arabica and Coffea eugenioides in the Aileu, Ermera, and Manufahe  

					samples, while the Ainaro sample showed a closer genetic affinity with  

					Coffea environmental. Phytochemical analysis revealed differences in  

					antioxidant activity, phenols, flavonoids, and tannins, with Ermera  

					coffee exhibiting the highest antioxidant activity and Ainaro having the  

					highest phenol and flavonoid content. Manufahe coffee had the highest  

					tannin content. GC-MS analysis identified key compounds in the  

					different cultivars believed to contribute to the coffee's bioactivity and  

					flavor profile. Organoleptic testing revealed that Ermera coffee was the  

					most preferred in terms of color, taste, and aroma, while Aileu coffee  

					scored the lowest. These findings suggest that Ermera coffee stands out  

					in both sensory quality and chemical composition, making it the  

					highest-quality sample among the four districts. In the future, the results  

					of this study can serve as a reference for coffee breeding and  

					certification programs, support the development of region-specific  

					specialty coffee products, and promote Timor-Leste's position in the  

					premium international coffee market.  

					Figure 10: Chromatogram Graph of Coffee Bean Extract from  

					Manufahe  

					Linoleic acid, found in the samples, is known for its moisturizing  

					properties, role in skin rejuvenation and elasticity, and function in fat  

					metabolism and immune system strengthening. It also has potential  

					anti-inflammatory effects.34,35,36 Eicosadienoic acid was also identified,  

					which plays a role in cell production, nervous system regulation,  

					cardiovascular health, and inflammation. Additionally, benzylidene  

					acetone, identified in the samples, functions as a phospholipase  

					inhibitor in insects like the diamondback moth and is used as an  

					insecticide. It is also a flavor enhancer, fragrance, and bacterial  

					metabolite inhibitor. The Ermera sample contained several unique  

					compounds not found in the Aileu, Ainaro, and Manufahe samples.  

					Among these were arachidonic acid, essential for cell function,  

					especially in the nervous, skeletal, and immune systems.37 The analysis  

					of Arabica coffee bean extracts from the four samples revealed  

					differences in the types and quantities of compounds present. The  

					samples from Ainaro and Ermera contained a larger number of  

					compounds, with some not found in the Aileu and Manufahe samples.  

					This difference may be attributed to the specific genetic composition of  

					Table 3: Organoleptic Test Results (Color, Taste, Aroma) of  

					Arabica Coffee Powder  

					Organoleptic Test Score  

					Sample  

					Aileu  

					Ainaro  

					Ermera  

					Manufahe  

					Color  

					50%  

					65%  

					70%  

					60%  

					Taste  

					45%  

					60%  

					65%  

					50%  

					Aroma  

					50%  

					60%  

					65%  

					55%  

					Mean  

					48%  

					62%  

					67%  

					55%  
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