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Cananga odorata is a tropical flowering plant variety that is economically important in aromatherapy and tradi-tional medicine due to its numerous medicinal properties. Although the three varieties (C. odorata var. odorata
forma genuina (Genuina), C. odorata var. odorata forma macrophylla (Macrophylla), and C. odorata var. Fruti-
cosa (Fruticosa) have notable differences in chemical properties; they are often difficult to distinguish due tostrong morphological similarities. This issue can potentially be solved using volatile organic compound (VOC)profiling, as they provide a reliable chemical signature for each variety. This study compares the VOC pro-files of these varieties and assesses their therapeutic potential for five biofunctional properties (antimicrobial,anxiolytic, anti-inflammatory, spasmolytic, and expectorant activities) and chemical traits (monoterpene, oxy-genated monoterpene, methoxylbenzene, sesquiterpene, phenylpropanoid). Chemical components of essentialoil extracted from the flowers of each variantwere separatedusing anon-targetedGC-MS/MSanalysis to identifyand quantify compounds within each sample. We identified 94 non-repeating VOCs, with Macrophylla havingthe highest methoxylbenzene VOCs (31.97%) and no sesquiterpene concentrations, and is the sole plant variantthat contains Geraniol (13.00%). On the other hand, Genuina is characterised by a high concentration of oxy-genatedmonoterpenes (24.74%), with unique profiling, as it is the single variant to have Linalool (17.57%) andEucalyptol (4.82%). Lastly, Fruticosa had the highest sesquiterpene content (35.40%) and chemical diversity,possessing VOCs such as Humulene (5.12%), Beta Ocimene (10.84%), and Pinene Isomers (9.17%). Due to itsgeraniol composition, Macrophylla may exhibit anxiolytic and neuroprotective properties. Furthermore, whileGenuinamay support stress relief andpromote sleep, due to its diverse profiling, Fruticosamayhave broader ap-plications in treating anxiety and neuropsychiatric conditions. These findings provide additional understandingof their therapeutic differences, supporting more accurate selection for aromatherapy and medicinal applica-tions.
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Cananga odorata (Lam.) Hook. f. and Thom., whichbelongs to the tropical family Annonaceae and isdistributed throughout Southeast Asia. This flower hasbeen perceived as commercially valuable and cultur-ally important for many years. It can be classified intothree different forms: C. odorata var. odorata formaGenuina is the most aromatic and is therefore mainlyof use in the manufacture of fragrances via the ex-

traction of essential oils; C. odorata var. Fruticosa isgrown as an ornamental, and C. odorata forma macro-phylla is used in traditional ceremonies by Indonesianpeople and also in traditional medicine (Hulyati et al.,2014) (Manner and Elevitch, 2006). While DNA bar-coding has been applied to C. odorata using chloro-plast markers (Hermawan et al., 2026); its utility forintraspecific variant-level discrimination remains lim-
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ited, as standard barcoding loci lack sufficient reso-lution to reliably distinguish within-variety variants(Hollingsworth et al., 2011; CBD, 2020). Therefore,there is a need for a tool with intraspecific variant dif-ferentiation to identify the differences in chemical pro-file between the three varieties so that unlabeled culti-vars canbeused for proper therapeutic or cultural pur-poses.Currently, there is no rapid and practical method todistinguish between C. odorata variants. Conventionalidentification relies on farmers’ expertise and visualobservation of morphological traits, with local cultiva-tors reporting that meaningful morphological differ-entiation can take 2–5 years (local farmers, personalcommunication, July 2025). Although DNA barcod-ing provides accuracy, it is too complex and impracti-cal for field use. The lack of a reliable differentiationmethod has contributed to the proliferation of fraudu-lent practices in the essential oil trade, which directlyharm the farmers’ livelihoods and undermine markettrust (Arctander, 1960; Chakira Abacar Soilihi, 2017;Scentspiracy, 2024).To combat this, this studyusesGasChromatography-Mass Spectrometry/Mass Spectrometry (GC-MS/MS)to identify and differentiate the volatile organic com-pound (VOC) profiles of three C. odorata varieties.Additionally, we used this tool to further map theirVOCs across 5 therapeutic applications (antimicrobial,anti-inflammatory, spasmolytic, expectorant, and anx-iolytic), acting as a first step in differentiating thethree varieties and their potential therapeutic applica-tions.,This study used the GC-MS/MS as its high sen-sitivity and precision in separating, quantifying, andidentifying volatile compounds, producing compre-hensive and replicable phytochemical data from com-plex plant matrices (Stashenko and Martínez, 2012).Similar to Adams (2007), we identified compounds bymatching our data with spectral libraries and com-paring them with retention indices, which eliminatesthe need for expensive isolation or purification proce-dures. This significantly reduces analysis time whilealso maintaining the integrity of our samples. Notably,each variety is a distinct botanical form with differentgenetic backgrounds, meaning that their VOC profilesare expected to show unique chemical compositions(Benini et al., 2012; Zheng et al., 2024). However, it isimportant to note that environmental conditions maycontribute toVOCexpressionwithin each variant (Maf-fei et al., 2018), though acknowledging these contribu-tions is beyond the scope of this study.From these chemical profiles, this paper further dif-ferentiates each variety by categorising each bioac-tive compound in 5 therapeutic groups: antimicro-bial, anti-inflammatory, anxiolytic, spasmolytic, and

expectorant. Overall, this study aims to establish thechemical foundation for rapid variety authentication,supporting quality control in essential oil production,evidence-based selection for therapeutic applications,and the reduction of misidentification-related fraud inthe Cananga market.
Materials and methods
Plant Material and Sample CollectionFlowers of three Cananga odorata varieties, Genuina(Co52), Macrophylla (Co48), and Fruticosa, were col-lected in Blitar, East Java, Indonesia. Each type of ma-terial was collected from a single mature tree of theparent variety and was verified by local farmers withexpertise in C. odorata cultivation. Additionally, vari-ety identity was further supported by previously pub-lished chloroplast DNA barcoding data using the samesamples reported by Hermawan et al., (2026). col-lected in Blitar, East Java, Indonesia. Fresh flower sam-ples were placed into headspace vials immediately af-ter collection and transported to the laboratory in acool box maintained at approximately -18°C using asodiumchloridedry icemixture over a transit periodofapproximately 18 h. When they arrived in the labora-tory, the samples were kept in -80°C freezers to main-tainmetabolism slowed in sealed headspace vials untilthey could be analysed.To ensure eachmember’s safety, precautions such asthe use of gloves and safety boots were taken duringsampling. Additionally, during GC-MS/MS analysis, amask and lab coat was worn to prevent the inhalationof dangerous VOCs.
Headspace-GC-MS/MS Analysis. Headspace gaschromatography-mass spectrometry (HS-GC-MS/MS)was used on a Thermo Scientific TSQ 9610 triplequadrupole GC-MS system fittedwith aTriPlusRSHau-tosampler to analyse VOCs. This study uses Piacen-tini’s method (Piacentini et al., 2022). Fresh flowersamples (each weighing 1.0 g) were stored inside 20mL headspace vials and spun at 250 RPMwith 10 s ontime and 2 seconds off cycles at 80°C for 25min. After-wards, 1.0mL of headspace vapourwas removed usinga syringe heated at 90°C and injected into the GC sys-tem with three enriching cycles (a repeated samplingor concentration step used to increase the amount ofvolatile compounds collected from the headspace be-fore analysis)at 1-min intervals. The purpose of theseenriching cycles is to improve sensitivity of the GC-MS/MS, especially for compounds present at very lowconcentrations, allowing for a stronger analysis.This study uses a TG-5SilMS column (30 m × 0.25mm i.d., 0.25 µm film thickness) for chromatographicseparation, using heliumas a carrier gas and a constant
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1.0 mL/min flow rate. Furthermore, we maintainedthe injection port temperature at 230°C in split modewith a split ratio of 10:1. The oven started at 50°C, in-creasing up to 150°C at 20°C/min over five minutes,where each sample’s run time was approximately 9min.The mass spectrometer’s ion source and transferline temperature were operating in electron ionisation(EI) mode at 250°C. Additionally, full-scan mass spec-tra were obtained over a mass range of 15–200 m/zat 0.2 s scan time. Chromeleon was used to obtainand process the data used for the GC-MS/MS (ThermoFisher Scientific, n.d.).
Compound Identification and
QuantificationVOCs identification was achieved by the comparisonof the experimental mass spectra with the spectra inthe 2023 NIST mass spectral library database with thehelp of Chromeleon software (Thermo Fisher Scien-tific, n.d.). The quality of spectral match scores and re-tention time compatibility determined the identifica-tion of compounds. In relative quantification, the peakarea percentages were calculated, and each samplewasnormalised to100%. No internal standards andnoauthentic reference compounds were used. Only oneinjection for a single variety was done without techni-cal replicates.
Chemical Classification and Biofunctional
CategorisationNot all 94 detected VOCs were included in this study.To be included, VOCs must have their chemical iden-tity confirmed with at least 80% confidence with re-spect to the 2023 NIST spectral library and be at leastgreater than 0.1% of the total detected compounds inthe variety. These inclusion criteria were determinedusing previous studies. Afterwards, it was classifiedinto five chemical groups: (A) monoterpene hydrocar-bons, (B) oxygenated monoterpenes, (C) methoxyben-zene derivatives, (D) sesquiterpene hydrocarbons, and(E) phenylpropanoids (Lo et al., 2024). This groupingwas done to generate initial pharmacological hypothe-ses; afterwards, through further classification of VOCsby their phytochemical applications. Each compoundwas then individually checked against published sci-entific studies to confirm it had actual experimentalevidence of a specific pharmacological effect. It is im-portant to note that compounds that cannot be directlylinked to these studies were excluded from this paper.
Data VisualizationComparative analyses and visualisations, includinggrouped bar charts, stacked bar charts, heatmaps, and

Venn diagrams, were generated using Microsoft Ex-cel,specialised data visualisation software such as SRplot to illustrate chemical composition differences andtherapeutic propertydistributions among the three va-rieties, Miro to illustrate a Venn diagram, and Flower-Base to specifically generate a heatmap (Tang et al.,2023; Wang et al., 2025; Miro, n.d.). Additionally, com-pounds identified were assigned numerical codes tofacilitate cross-referencing. A three-circle Venn dia-gram was constructed to illustrate the distribution ofVOCs across the three varieties, distinguishing variety-exclusive compounds from those shared between twoor all three varieties.
ResultsThe figure below shows a horizontal bar chart ofthe relative area for all three C. odorata variantsacross five chemical classes: Monoterpene (A) (e.g.,α-pinene), Oxygenated Monoterpene (B) (e.g., euca-lyptol), Methoxylbenzene (C) (e.g., methyl eugenol),Sesquiterpene (D) (e.g., β-caryophyllene), and Phenyl-propanoid (E) (e.g., safrole). This figure was made us-ing SR plot (Tang et al., 2023).GC-MS/MS analysis identified 94 non-repeatingVOCs across the three variants, enabling comparativephytochemical profiling as described below.Overall,each variety displayed distinct trends. For instance,Fruticosa had the most consistent dominance, as itrecorded the highest relative areas in regions suchas monoterpenes (22.71%), sesquiterpenes (35.40%),and phenylpropanoids (22.56%). This dominationsuggests a chemotype that is characterised by diverseterpenoid biosynthesis. Interestingly, only Macro-phylla lacked any sesquiterpene accumulation. Thismay indicate a potential loss-of-function in Macro-phylla’s sesquiterpene biosynthetic machinery.On the other hand, Macrophylla was distinguishedby its high percentage of methoxylbenzene content(31.97%), with almost quintuple concentration com-pared with Fruticosa. From this, it can be inferredthat this characteristic is unique to the Macrophyllavariety. Conversely, its phenylpropanoid contributionwas markedly low (2.19%). Notably, geraniol (com-pound 65) was detected exclusively in Macrophylla at13.00%, and was absent in both Genuina and Fruti-cosa. In C. odorata var. macrophylla, the monoter-pene synthase CoTPS4 has been shown to catalysethe production of geraniol directly from geranyl py-rophosphate (GPP) (Jin et al., 2015), suggesting thatdifferential expression or activity of this enzyme, or afunctional homologue between variants, may accountfor the exclusive accumulation of geraniol in Macro-phylla. This variant-specific accumulation represents
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Figure 1. A Stacked Bar Chart Visualising the Relative Area (%) of Major Chemical Compound Classes Across MA,
GE, and FU Groups.

the most biochemically distinctive feature observedacross the three chemotypes and warrants further ge-netic investigation. Genuina contained the greatestamount of oxygenated monoterpene (24.74%), sug-gesting that this group actively oxidises monoterpeneprecursors to create new products.These different patterns may hint at the three va-rieties’ distinct chemotypes, which can possibly beexplained by the divergence in metabolic pathwaysthat control the specific biosynthesis of VOCs. For in-stance, in C. odorata, floral VOCs are mainly derivedfrom three biosynthetic routes: the mevalonate (MVA)pathway and the 2-C-methyl-D-erythritol 4-phosphate(MEP) pathway, which produce terpenoids, and theshikimate pathway, which produces phenylpropanoid

and benzenoid compounds (Jin et al., 2015). Due tothe differences in terpene synthase (TPS) gene ex-pression, this is what we suspect to be the catalystin these variations. This can be seen in the Fruticosavariety, where they have CoTPS2 and CoTPS3, whocatalyses the production of β-ylangene, β-copaene, andα-bergamotene, compared to more general varietieswho uses COTPS21 homologues, which produce β-caryophyllene. (Jin et al., 2015; Zheng et al., 2024).These differences may therefore also reflect how fur-ther distinct ecological adaptations each variety had toendure. Hence, adaptations including pollinator speci-ficity may differ, as floral VOC composition is a keyme-diator of plant–pollinator interactions (Bergman et al.,2024). Future transcriptomic analysis targeting TPS
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gene expression across the three variants would helpconfirm this mechanistic link.The figure below is a five-ellipse Venn diagramshowing the intersection and distinct patterns forVOCs among the five therapeutic classifications(anti-inflammatory (AI), antimicrobial (AM), spasmolytic(S), anxiolytic (ANX), and expectorant (EX) was cre-ated on Miro (Miro, n.d.). Each number within the re-gions of the Venn diagram represents how many VOCswere found in each classification category that are ei-ther common or exclusive to each classification. .We converted the compounds into numbers for effi-ciency. Afterwards, we performed a five-ellipse Venndiagram analysis (Figure 2.) based on the plant’spharmacological functions (determined using litera-ture search) to visualize the distribution of VOCs inthe three variants of C. odorata, focusing on their anti-inflammatory (AI), antimicrobial (AM), spasmolytic(AS), anxiolytic (ANX), and expectorant (EX) proper-ties. The numbers above represent the VOCs in thethree samples.Pharmacological categorisation of VOCs intofive therapeutic properties (antimicrobial, anti-inflammatory, anxiolytic, spasmolytic, and expec-torant) was visualised using a five-ellipse Venndiagram (Figure 2.). The most notable finding wasthat eucalyptol (compound #29) is the one compoundthat appears in every category, making it the mostmulti-functional bioactive VOC. Benzaldehyde (19),Methyleugenol (32), linalool (35), and Caryophyllene(36) are the next most active, appearing in four cat-egories (antimicrobial, anti-inflammatory, anxiolytic,spasmolytic). Anethole (#63) and 3-Carene (#17) isthird, appearing in four categories also (antimicrobial,anti-inflammatory, spasmolytic, and expectorant).The figure above is a Venn diagram illustrating thedistribution of 94 VOCs in three C. odorata varieties.The greatest number of unique VOCs was seen in Fru-ticosa; however, the largest number of total VOCs wasseen in Genuina, which has been shown previously tohave a high degree of chemotypic variation. The threevariants shared a conserved core of compounds (11,19, 22, 26) present across all three circles, suggestinga common biosynthetic baseline. Additionally, Geran-iol (#65) is uniquely present inmacrophylla, indicatingthis is the most biochemically distinct feature amongthe three variants. Pairwise overlaps were observedbetween Genuina–Fruticosa (compounds 5, 6, 20, 21,23, 31, 32, 35, 36, 39, 40), Genuina–Macrophylla (com-pounds 2, 17, 42), and Macrophylla–Fruticosa (com-pounds 48, 52).Of those 94 identified compounds unique across allvarieties, the proportion of variety-exclusive VOCs canbe calculated by dividing the number of compounds

unique to each variety by the total of 94 non-repeatingVOCs identified, then multiplying by 100 to expressthe result as a percentage. Using this approach, 25unique VOCs were found in Genuina, 22 were identi-fied in Macrophylla, and 26 VOCs were found in Fruti-cosa. The values derived for each of the 3 chemotypesin the study show that eachhas its own individual iden-tity. These indicate greater chemical divergence be-tween Macrophylla and Fruticosa/Genuina and Fruti-cosa/Macrophylla than between the last 2 varieties.Nevertheless, it also has to be noted how Macrophyllaretains significant distinction, as it is the only varietywhich produces geraniol. This further supports theability to successfully discriminate between varietiesbased on the collection of VOC profiles by GC-MS/MSanalysis, because meaningful differences are exhibitedbetween samples of C. odorata varieties that morpho-logically resemble each other but were distinguishedby our analytical approach.The multifunctional bioactivity of the most thera-peutically significant VOCs reflects their distinct chem-ical structures and pharmacological mechanisms. Eu-calyptol (compound 29), a bicyclic cyclic ether, ex-erts its broad activity by inhibiting NF-κB-mediatedcytokine release (anti-inflammatory), disrupting bac-terial membrane integrity (antimicrobial), relaxingbronchial smooth muscle (expectorant/spasmolytic),and modulating GABA-A receptor activity (anxiolytic)(Ceremuga et al., 2017; Arooj et al., 2023; Wang et al.,2026). Linalool (Compound #35) is an acyclic tertiaryalcohol with a hydroxyl group facilitating membranepenetration and producing anti-anxiety effects (Anx-iolytic) as well as spasmolytic effects by modulatingGABA and glutamate receptors. It also disrupts bacte-rial cell walls (Baburin et al., 2008; Song et al., 2024).α-Pinene (compound 78), a bicyclic monoterpene hy-drocarbon, suppressesMAPK andNF-κB inflammatorysignalling pathways and inhibits acetylcholinesteraseactivity, accounting for its anti-inflammatory andanxiolytic properties (Miyazawa and Yamafuji, 2005;Kim et al., 2015). Anethole (Compound #63) is aphenylpropanoid ether characterised by a methoxy-substituted aromatic ring that causes reduction ofprostaglandin synthesis (anti-inflammatory), contrac-tion inhibition of smoothmuscle (spasmolytic), and in-creases the rate at which mucus can be cleared fromthe respiratory tract (expectorant) (Domiciano et al.,2013; Lima et al., 2020). Geraniol (Compound #65)is an acyclic monoterpenol that is unique to Macro-phylla and causes reductions in hippocampal oxidativestress and modifies monoaminergic neurotransmittersystems, thereby providing the biochemical basis forMacrophylla’s anxiolytic andneuroprotective activities(Buch et al., 2023; Nisar et al., 2024) .
195



BioTreks

Figure 2. A Venn Diagram Illustrating the Distribution of VOCs in Five Therapeutic Categories

DiscussionsThe VOC profiles identified in this study suggestthat each C. odorata variety has distinct therapeu-tic strengths suited to different applications, and thatthese differences are grounded in divergent metabolicpathway activity and underlying genetic regulation.Due to its high levels of eucalyptol and linalool,the Genuina variant may be best suited for respira-tory and anti-inflammatory applications (Hoch et al.,2023; Peana et al., 2003). Not only that, genuina’schemical profile is dominated by oxygenatedmonoter-penes. This is likely caused by elevated cytochromeP450 enzyme activity acting after the MEP pathway,converting simple hydrocarbon monoterpenes intooxygenated compounds. Additionally, as these oxy-genated monoterpenes generally have more biologi-

cal activity than their non-oxygenated compounds, thisoxygenation process may explain why Genuina is wellsuited for respiratory and anti-inflammatory activitiescompared to the other C. odorata varieties (Jin et al.,2015; Hąc-Wydro et al., 2017).The unique geraniol content driven by CoTPS4 inMacrophylla distinguishes it biochemically from Gen-uina and Fruticosa, suggesting that an increase ofthis enzyme can shift monoterpene production towardgeraniol, leading to unique neuroprotective and anti-anxiety effects forMacrophylla (Nisar et al., 2024; Buchet al., 2023; Jin et al., 2015).While the Macrophylla variant is known for itsgeraniol content, Fruticosais characterised by its highdiversity of sesquiterpenes and antimicrobial com-pounds, including humulene, β-ocimene, and pinene
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Figure 3. A Venn Diagram Showing the Distribution of VOCs in the Three C. odorata varieties
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isomers, suggesting broader antimicrobial potential ofthe three (Jang et al., 2020; Laraib et al., 2025; Ko-vač et al., 2015). Fruticosa showed a high sesquiter-pene relative area (35.40%), which suggests that theMVA pathway is highly active due to the influence ofthe CoTPS2 and CoTPS3 enzymes. Although this en-zymatic specialisation likely developed through evolu-tionary adaptation to favour sesquiterpene biosynthe-sis, it may also have reduced the production of oxy-genated monoterpenes. As a result, despite having achemically diverse profile, Fruticosa does not containsignificant expectorant compounds.While the therapeutic versatility of the C. odoratavarieties is primarily caused by multifunctional VOCs,it can also be viewed structurally. For instance, dueto eucalyptol’s bicyclic ether structure, the plant cancross lipid membranes efficiently. This will allow Gen-uina to have better bioavailability across respiratorytissues, increasing its applicability in the bronchus(Hąc-Wydro et al., 2017; Mieres-Castro et al., 2021;Sheikh et al., 2025). On the other hand, Linalool pos-sesses a flexible acyclic structure, which allows rapidCNS penetration, allowing Genuina to better functionas a stress reliever and sleeppromoter (Lee et al., 2018;Khedhri et al., 2025). As the only compound that dis-played geraniol content, Macrophylla will benefit fromthe VOC’s acyclic monoterpenol backbone, which facil-itates antioxidant activity in neural tissue to supportneuroprotectivemechanisms and distinguishes it fromthe other two varieties at the pharmacological level(Rajendran et al., 2024; Vo et al., 2025). Although Fru-ticosa acts as an excellent antimicrobial agent due tohaving hydrocarbon sesquiterpene structures that lackpolar functional groups, this same benefit may explainwhy the same variety has no expectorant compounds,as mucus-clearing activity requires oxygenated func-tional groups that are capable of interacting with mu-cosal surfaces.More importantly, this difference in TPS gene regu-lation has direct effects on the pharmacological prop-erties of each variant (Yang et al., 2023). BecauseMacrophylla mainly directs GPP toward geraniol pro-duction, Fruticosa channels FPP toward sesquiterpenesynthesis, while Genuina produces more oxygenatedmonoterpene derivatives; differences in the expres-sion of a single group of genes are enough to createthree distinct chemotypes with different therapeuticstrengths (da Silveira e Sá et al., 2013 ; Paço et al., 2022;Ammar, 2023; Canal et al., 2024 ). This finding sug-gests that TPS gene expression profiling could poten-tially be used as a reliable way to predict the pharma-cological potential of different C. odorata variantThe phenomenon in which several VOCs wereshared across multiple varieties can be attributed to

a common biosynthetic origin, as the metabolic path-ways in C. odorata varieties are largely conservedacross multiple plant lineages, producing a baselinepool of shared compounds regardless of gene expres-sion (Hąc-Wydro et al., 2017; Mieres-Castro et al.,2021; Sheikh et al., 2025). If looked further, overlap-ping of VOCs, specifically inGenuina andFruticosa, wasidentified. This event suggests that Genuina is closer toFruticosa compared to Macrophylla, whose methoxy-benzene profiles may point to a distinct trajectory inevolution. On the other hand, a unique VOC compo-sition was spotted in all three varieties of the plant.This divergence may be explained by the differencein gene expression for certain TPS genes, where tran-scription regulation of the TPS loci can redirect biosyn-thetic pathways toward different terpenoid products(Picazo-Aragonés et al., 2020).All in all, the differences in TPS gene expressionaffect VOCs, causing different VOC content amongthe three C. odorata varieties, which also explainswhy each variety has different theroretical therapeu-tic properties. This is evident in this study’s findings,whereMacrophylla’s exclusive geraniol content causesit to potentially have better anxiolytic traits, whereasGenuina’s high concentration of oxygenated monoter-pene supports respiratory and anti-inflammatory ap-plications (da Silveira e Sá et al., 2013). Further-more, this study provides a preliminary phytochem-ical framework that may support future transcrip-tomic, metabolic, and pharmacological investigationsinto terpene biosynthesis in C. odorata.
Next stepsFuture work should extend these findings by perform-ing transcriptomic analysis that compares the levelof expression of TPS genes in all varieties to deter-mine whether the differences in CoTPS4, COTPS3, andCOTPS2 expression are the driving force that stimu-lates the VOC divergence observed in this study. Notonly that, directions such as a metabolic flux analy-sis through the MEP AND MVA pathways to quantifythe biosynthetic contribution to each variety’s chemo-type should be taken. These future studies shouldalso include multiple trees per variety across differentsites and seasons to account for environmental modu-lation of VOC expression and increase the overall accu-racy of the results obtained. In-vitro and in-vivo test-ing should also be conducted to empirically affirm thepharmacological properties of these plants.In addition,future work should also explore the clinical and trans-lational potential of these findings, as they can poten-tially aid in the development of plant-derived thera-peutics for human health applications. Lastly, targeted
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pharmacological assays should be performed, particu-larly for Macrophylla’s anxiolytic activity and eucalyp-tol’s expectorant activity in Genuina to provide directcalibration of the potential conclusions drawn in thisstudy. By doing all of these steps, researchers can de-velop a comprehensive understanding of the mecha-nisms, genetics, and level of differentiation of each C.
odorata variety
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