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Abstract:
Carica papaya (Family Caricaceae) is endowed with a myriad of biological activities as gastroprotective, antidiabetic, antimalarial, antiviral and anti-inflammatory agent. We performed for the first time an extensive comparative metabolite profiling of different plant organs considering both male and female leaves, seeds and fruits of different maturity stages. The phytochemical fingerprinting-via UPLC/MS/MS- of C. papaya led to tentative identification of 84 metabolites belonging to different primary and secondary phytoconstituents to include alkaloids (carpaine derivatives), flavonoids, glucosinolates, organic and phenolic acids, amino acids and carbohydrates. The seeds profile was enriched with hydroxybenzoic acids and their derivatives, while leaves was characterized by the prevalence of carpaine alkaloids, flavonoids, lipids and alkylated sugars. Correlation analysis revealed a significant positive correlation between total phenolic content and the antioxidant assays (ferric reducing antioxidant property (FRAP), 2, 2-diphenyl-1-  picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), cupric reducing antioxidant capacity (CUPRAC) and total antioxidant capacity (TAC)). Principal component analysis was applied to find out possible phytochemical trends across C. papaya matrices. Where PC1 and PC2 accounted for 46.57 and 19.93% of the variability in the data set with well-separated extracts into groups mostly on the basis of plant organ. The PCA model showed that immature seeds had the highest antioxidant properties, while leaves separated from fruit and mature seeds due to higher butyrylcholinestrase and α-amylase inhibition, but lower acetylcholinesterase and α-glucosidase inhibition activity. We corroborate the better exploitation of both edible and inedible parts of C. Papaya in nutraceutical supplements after sufficient in-vivo and toxicity studies.
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1. Introduction:
Carica papaya Linn. is a fruiting tree belonging to the family Caricaceae (order: Brassicales). It is commonly known in English as Papaya, in Hindi as Papita and in Sanskrit as Erandakarkati. Geographically, C. papaya is an equatorial American native plant that was originated in southern Mexico; however it has been domesticated and cultivated in many tropical and sub-tropical regions of the world including Africa, Asia, Oceania, and North America [1, 2]. Papaya  fruit is widely used throughout the world for its known nutritious and biomedical properties [2]. Chemically, papaya produces a plenty of phytoconstituents of different classes including macrocyclic dilactone alkaloids (carpaines), isothiocyanate (benzyl isothiocyanate), glucosinolates (benzyl glucosinolates), carotenoids (zeaxanthin, lycopene, and lutein), flavonoids (kaempferol-7-O-glucoside and quercetin-3-O-rutinoside), simple phenolics (chlorogenic acid, isochlorogenic acid, sinapic acid, p-coumaric acid, p-hydroxybenzoic acid) and other metabolites including fatty acids, phytosterols, terpenoids and volatiles [3, 4]. 
Traditionally, different organs of papaya including leaves, peels, roots, bark and stem are used as a part of alternative and folkloric medicine particularly in India and other equatorial Asian regions for their countless myriad biomedical potentialities, including antifungal [5] antiviral [6], anticancer [7], antimalarial [8], antiplasmodial [9], gastroprotective activity [10],  antidiabetic [11] and anti-inflammatory [12].
Recently, Kumar et al. (2022), highlighted a comprehensive metabolic profiling of the butanol fraction of C. papaya leaves using an integrated set of analytical tools including UPLC-ESI-Q-ToF-MS/MS. Indeed, the authors have identified in total 11 flavonoids mainly of quercetin and kaempferol glucosides. Moreover, the total butanolic extract and its sub-fractions were investigated for their antioxidant activity using FRAP and DPPH free radical scavenging assay. Where, butanol fraction showed a promising antioxidant activity at a concentration of 0.05-0.8 mg/mL [13]. Additionally, Adel et al. reported a recent metabolic profiling of C. papaya leaves methanolic fraction and its antiviral evaluation contra SARS-CoV-2. The authors highlighted that such metabolic profiling unveils the presence of different classes of secondary metabolites including terpenoids, alkaloids and flavonoids that may possess antiviral activities [14]. 
Hamed et al., documented a recent chemical profiling in addition to molecular docking for nine chemical constituents isolated from C. papaya L. leaves. Where, two phenolics; methyl gallate and clitorin displayed significant cytotoxicity with an IC50 of 1.11 ± 0.06 and 2.47 ± 0.14 μM, respectively. Moreover, methyl gallate and nicotiflorin showed key EGFRwt kinase inhibitory activities with an IC50 of 37.3 ± 1.9 and 41.08 ± 2.1 nM, respectively. Also, clitorin and nicotiflorin provoked the most potent aromatase kinase inhibitory activities with an IC50 of 77.41 ± 4.53 and 92.84 ± 5.44 nM [15]. Recently, Adedayo and his co-workers have comparatively investigated the acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory effect, production of quinolone and Fe-induced thiobarbituric reactive acid species (TBARS) and antioxidant properties ferric reducing antioxidant property (FRAP), 2, 2-diphenyl-1-  picrylhydrazyl (DPPH) radical scavenging ability of alkaloid and phenolic-rich crude fractions from C. papaya leaf. Indeed, the hydro-methanolic fraction had displayed the highest AChE inhibitory effect while aqueous fraction showed the highest BChE inhibitory activity. Furthermore, the hydro-methanolic fraction exhibited the highest inhibitory activity on Fe2+-induced TBARS production, while the alkaloid-rich fraction significantly inhibited quinolone-induced TBARS production. The aqueous-methanolic fraction showed most significant anticholinesterases and antioxidant activity which might be attributed to the enriched flavonoid content. Such interesting biomedical  properties  might  corroborate to the folkloric medicine for treating some neurological challenges [16]. 
[bookmark: _Hlk175501788]Interestingly, Carica papaya L. (papaya) seeds have been studied for their phytochemical composition and the isolation of various bioactive compounds. The seeds are rich in a variety of phytochemicals that contribute to their medicinal properties, including antioxidant, antimicrobial, anti-inflammatory, and anti-cancer activities [17-19].  Zhao et al., (2021) investigated the antibacterial properties and mechanisms of benzyl isothiocyanate (BITC) from Carica papaya L. (papaya) seeds, which is a promising natural antimicrobial agent. BITC exhibited broad-spectrum antibacterial activity with minimum inhibitory concentrations of 1 µL/mL against Escherichia coli, Bacillus subtilis, and Aspergillus niger, and 0.5 µL/mL against Salmonella enterica, Staphylococcus aureus, and Penicillium citrinum. Additionally, BITC was found to disrupt the biological oxidation system without affecting cell membrane permeability or morphology. Furthermore, BITC impaired ATP production and interfered with key reactions of coenzymes involved in the respiratory chain’s hydrogen ion transfer. These findings reveal the BITC potential as a natural preservative for food industry applications. [20]
Recently, Rani et al., (2023) studied and evaluated the ethanolic extract of Carica papaya seeds (EECPS) for its phytochemical composition, safety, and antioxidant properties. The preliminary phytochemical analysis revealed that EECPS contains flavonoids, tannins, phenols, alkaloids, proteins, glycosides and  saponins. Acute toxicity tests in Wistar rats, administered at 2000 mg/kg for 14 days, showed no adverse effects, with normal behavior and no histopathological abnormalities were observed. Antioxidant activity, measured by the DPPH assay, demonstrated that EECPS has significant antioxidant properties with an IC50 value of 39.41 µg/mL, compared to 5.73 µg/mL for gallic acid. These findings suggest EECPS is safe for consumption and has notable antioxidant activity, though further research is needed to confirm its long-term safety and therapeutic potential [21].
Additionally, Peng et al., (2024) examined how refining affects the phytochemical composition and anti-inflammatory properties of crude papaya seed oil (CPO) and its refined forms—degummed (PDG), deacidified (PDA), decolorized (PDC), and deodorized (PDO). Analyzed for phytochemicals, oil quality, antioxidant activity, and inflammatory response in LPS-stimulated THP-1 macrophages, the research found that refining, especially deacidification, decreased phytochemical content (sterols, tocopherols, polyphenols) and increased oxidation products. Both CPO and PDG effectively reduced inflammatory cytokine secretion and mRNA expression, and inhibited NF-κB pathway activation. In contrast, PDA, PDC, and PDO exhibited lower anti-inflammatory or even pro-inflammatory effects. Correlation analysis identified four polyphenols including 4-hydroxybenzoic acid, vanillin, 2-hydroxycinnamic acid, and glycitein and two phytosterols including campesterol and β-sitosterol as key contributors to the oil’s anti-inflammatory activity. This study suggests that a moderate refining should be to retain bioactive compounds and maintain anti-inflammatory benefits in papaya seed oil processing [22]. 
The current study is the first comprehensive metabolic and biological analysis of the widely used Carica papaya considering extracts of different plant organs to include both male and female leaves as well seeds and fruits of papaya in different stages of maturity. This study aims to pin point the differences in phytochemical make-up across different papaya extracts in relation to their potential as natural antioxidant and enzyme inhibitory candidates for better exploitation as promising nutraceuticals.
1. Material and methods:
1.1. Plant material and preparation of the extracts:
Different organs of C. papaya L. including leaves of the male and female plants, mature and immature seeds and fruits, were collected from a local agricultural farm at Alexandria, Egypt. The identity of the plant was confirmed by staff members of Taxonomy Department at the Agricultural Egyptian Museum, Dokki, Giza, Egypt. A voucher specimen was deposited at Pharmacognosy Department, Faculty of Pharmacy, Cairo university, Egypt. 
The male and female leaves of C. papaya were manually separated, and dried in shade. The mature and immature seeds were separated from the fruit pericarps which were cut longitudinally into halves and then frozen in liquid nitrogen. The seeds were dried in shade and then ground using a mill to powder (mesh size 20). Finally, the powdered plant material corresponding to each organ (200 g each) was separately extracted by maceration till exhaustion using analytical grade methanol (Sigma-Aldrich, Darmstadt, Germany). Then, the filtrate of each extract was evaporated using Rotary evaporator (Rotavapor R-210, Büchi, Switzerland) at 50 ̊C till complete dryness. The dried extracts were then transferred to amber-colored glass vials and kept at -80 ̊C for subsequent analysis. 
1.2. LC-MS and Qualitative Analysis
[bookmark: _Hlk175223381]High-resolution LC-MS Thermo Scientific Ultimate 3000RS chromatography system was used for the analysis of C. papaya L. methanolic extracts. Separation was performed on a Waters Acquity HSS T3 column (150 × 2.1 mm inner diameter; 1.8 µm; Milford, USA) at 45°C using a linear gradient from 5% to 70% phase B (acetonitrile with 0.1% formic acid) in phase A (0.1% formic acid in Milli-Q water) for 30 minutes at a flow rate of 0.4 ml/min. Absorbances in the 190-600 nm wavelength range were recorded with a 5 nm bandwidth and 10 Hz acquisition frequency by the photodiode array detector. The column effluent was split 1:3 between the Q-TOF MS (Bruker Impact II HD, Bruker, Billerica, MA, USA) and the charged aerosol detector (CAD, Thermo Corona Veo RS) connected in parallel. The CAD was operated at a scanning frequency of 10Hz. Electrospray ionization was used for MS analyses in both positive and negative ion modes. Spectra were obtained in the m/z 80 to m/z 1800 mass range with an acquisition frequency of 5 Hz and the following mass spectrometer parameters: negative capillary voltage 3.0 kV, positive capillary voltage 4.0 kV, dry gas flow 6 L/min, dry gas temperature 200°C, collision cell transfer time 90 µs, nebulizer pressure 0.7 bar. Data were calibrated internally with sodium formate introduced into the ion source via a 20 µL loop at the start of each separation. Bruker DataAnalysis 4.4 software was used to acquire and process the chromatographic data.
1.3. Data Processing and Metabolite Identification
The identification of metabolites present in C. papaya L. was performed using the Bruker DataAnalysis 4.4 software using “Compounds-AutoMS(n)” option to find compounds present in the chromatograph data.
The total number of samples analyzed was 12, being 6 in negative mode and 6 in positive ionization mode. For each ionization mode, the 6 samples were organized as follows: sample_15 (male plant leaves), sample_16 (immature seeds), sample_17 (immature fruits), sample_18 (seeds), sample_19 (female plant leaves), and sample_20 (mature fruits). 
We have selected all those peaks with a high intensity (>104). The SmartFormula option was used to find the possible compound chemical formula from the molecular mass identified for every peak. Those chemical formulae identified with a score < 70 or/and error > 5 ppm and mSigma > 45 (poor fit between experimental and predicted data) were rejected. SmartFormula3D option was used for the identification of the fragments [23]. 
The identification of secondary metabolites was carried out through a comparison of mass spectrum given by the software with that given in the library of software (LibraryEditor), Human Metabolome Database (HMDB) and FOODB spectral databases or PubChem web page. Those chemical formulae or metabolites in which their mass spectra were not available were discarded. We have selected those metabolites in which at least two fragments coincided. The different collision energies of the mass spectra when comparing were considered. 
Finally, the metabolic routes were identified from the bibliography. We have selected those metabolic routes present in plants of natural form. Hence, those metabolites which were synthesized in laboratory were excluded. For multivariate data analysis, a feature table containing peak areas for identified compounds in positive and negative ionization was prepared using MS-DIAL software (RIKEN, version 4.90) [24].
1.4. Biological assay
The detailed material and methods adopted for evaluation of the antioxidant (DPPH and ABTS radical scavenging, reducing power (CUPRAC and FRAP), phosphomolybdenum and metal chelating and enzyme inhibitory activities (cholinesterase, tyrosinase, α-amylase, α-glucosidase were determined using the methods previously described by Uysal et al. [25] and Grochowski et al. [26]. The outcomes from the DPPH, ABTS radical scavenging, CUPRAC, and FRAP assays were reported in milligrams of Trolox equivalents (TE) per gram of extract. The phosphomolybdenum assay indicated the antioxidant potential in millimoles of Trolox equivalents (TE) per gram of extract, while the metal chelating activity (MCA) was expressed in milligrams of disodium edetate equivalents (EDTAE) per gram of extract. The activities inhibiting amylase and glucosidase were expressed in acarbose equivalents (ACAE) per gram of extract, whereas inhibition of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) was measured in milligrams of galanthamine equivalents (GALAE) per gram of extract. Tyrosinase inhibition was calculated in milligrams of kojic acid equivalents (KAE) per gram of extract.
2.5 Statistical analysis
The Pearson’s correlation analysis was used to calculate correlations between bioassay results, and between bioassay results and C. papaya metabolite content. Differences of p < 0.05 were considered significant. Data were analyzed using GraphPad Prism 9.2.0 (332) software.
Multivariate statistical analyses were performed using BioStatFlow (v. 2.9.5, www.biostatflow.org). Principal component analysis (PCA) was performed on auto-scaled data to visualize clustering and differentiation of the C. papaya extracts on the basis of biological assays. The relative abundance of C. papaya metabolites and Pearson’s correlation analysis between bioassays and metabolite content were presented as heat-maps using Euclidean distance for similarity measure, and Ward’s agglomeration method.
2. Results and discussion
2.4. Metabolic profiling of C. papaya
The nutritional and medicinal values of C. papaya Linn. (Caricaceae) fruits are well known due to their richness in vitamins A, C, and B complex as well as the presence of proteolytic enzymes like papain and peptidases. Comparative LC-MS investigations were performed on the male and female papaya leaves in addition to its mature and immature seeds and fruits to understand whether the metabolome profile of the plant could be affected by gender or the stage of maturity. The analysis led to the tentative identification of ca. 84 metabolites (Table 1) belonging to different classes of phytoconstituents including alkaloids, flavonoids, simple organic and phenolic acids, amino acids, glycosides, lipids and carbohydrates, whose prevalence differs in the different plant parts (representative structures are presented in Figure 1). Alkaloids, organic and phenolic acids, flavonoids as well as other glycosides are the predominant classes of compounds detected in papaya. Metabolite identification was based on literature analysis of mass fragments and comparison of the experimental monoisotopic masses to those present in an established in-house online library.
2.4.2. Alkaloids
By applying the positive ionization mode in the UPLC/MS analysis, nine alkaloids were identified including semilepidinoside B (1), hydroxy-dehydrocarpaine II isomers (8-9), carpaine isomers (5 & 7) and its dehydrocarpaine I and II analogs in addition to unidentified carpaine derivative (3). Although carpaine was detected in male and female papaya species, dehydrocarpaine I and II isomers were exclusively found in the male leaves extract. It is noteworthy to hint that carpaine is an antiplasmodial alkaloid previously reported in papaya [38]. Importantly, carpaine and derivatives could be used as distinguished biomarkers for detection and authentication of C. papaya leaves. Regarding semilepidinoside B, it was previously characterized from Lepidium sativum [39]. In our study, this imidazole alkaloidal glycoside has been detected in leaves and seeds of papaya extracts. Interestingly, this is the first report on the presence of semilepidinoside B in C. papaya. The presence of semilepidinoside B and glucosinolates corroborate chemotaxonomic relevance to the order Brassicales to which belong both families Caricacae and Brassicaceae. 
2.4.3. Organic, phenolic, and fatty acids
Around 24 different acids were identified; among them 5 organic acids, 5 hydroxycinnamic acid derivatives, 4 hydroxybenzoic acids and 10 fatty acids such as hydroxy and trihydroxy-octadecadienoic acids (31 & 22-24), hydroxy and dihydroxy-octadecatrienoic acids (27-30). Additionally, two fatty acid glycosides were recognized at peaks 32 and 33. Their distribution in papaya organs is presented in Table 1. Fatty acids were only detected in the leaves of the male and female species but were not observed neither in the seeds nor in the fruits. However, few fatty acids/lipids were identified in the 70% methanolic extracts of mature and immature seeds under different experimental conditions (Table S1, suppl. Material). We have used higher % of the less polar acetonitrile: from 5% to 99% phase B (acetonitrile with 0.1% formic acid) in phase A (0.1% formic acid in Milli-Q water) for 29 minutes at a flow rate of 0.4 ml/min. These seeds’ fatty acids included hydroxy linoleic acid, palmitic acid, hydroxy octadecenoic acid, octadecatrienoic acid and hydroxy hexadecanoic acid. Previous reports showed the richness of papaya seed oil in oleic, palmitic, stearic, linoleic acids and traces of linolenic acid [27, 28]. Leaf extracts were reported to harbor oleic acid, palmitic acid and its methyl ester, stearic acid, myristic acid, tetracosenoic acid, linolenic acid, docosenoic acid as well as methyl esters of linolelaidic acid and eicosanoic acid [29-31].
Although (iso)citric acid isomers (peaks 66 and 67) were detected in both mature and immature seed samples, the methyl derivative of citric acid (68) was observed only in the immature fruits. Remarkably, hydroxycinnamic acids derivatives are well-represented including caffeoyl malic acid (56), coumaroylmalic acid isomer I (57), coumaroylmalic acid isomer II (58), feruloylmalic acid isomer I (59), feruloylmalic acid isomer II (60), which were only characterized in leaf extracts of C. papaya. Caffeoyl, feruloyl, and coumaroyl derivatives have been previously reported in papaya leaves [32, 33].
2.4.4. Amino acid derivatives
A total of 12 amino acid derivatives were identified in papaya samples including tryptophan (15) and phenylalanine (13) as well as hexosyl-asparagine (10), N-(1-Deoxy-1-fructosyl) tyrosine/isoleucine/phenylalanine and benzoyl aspartic acid among others. Obviously, the benzoyl and phenylacetyl derivatives of aspartic acid (16 & 18) showed different distributions in papaya organs with the former present in the leaves and the seeds however the later was only detected in immature seeds.
2.4.5. Phenolic compounds 
They constitute the second major class of metabolites in papaya samples with ca. 25 compounds identified. They are constituted of 4 flavonoid glycosides as in quercetin-3-O-(dideoxyhexosyl-hexoside) (34), kaempferol-3-O-(dideoxyhexosyl-hexoside) (35), quercetin-3-O-(deoxyhexosyl-hexoside) (36), kaempferol-3-O-(deoxyhexosyl-hexoside) (37), which were detected with molecular ion peaks at m/z 755.2047, 739.2103, 609.1470, 593.1525, in accordance with the following molecular formulae C33H40O20 [34], C33H40O19, C27H30O16, C27H30O15 [35]. These flavonoids have been previously isolated from C. papaya leaves [36, 37]. In the current study, they were likewise only detected in the male and female species of the leaves.
Further, 13 phenolic glycosides like arbutin (catechol hexoside) (70), hydroxytyrosol-O-hexoside (73), caffeoyl-hexoside (74), and hydroxybenzoic acid glucosides were identified in different C. papaya extracts. To the best of our knowledge, arbutin and hydroxytyrosol hexoside are first to be reported in the current study. Arbutin was only detected in immature seeds whereas caffeoyl and hydroxytyrosol hexosides were solely detected in the leaves.
2.4.6. Miscellaneous  
Other metabolites such as the glucosinolate; glucotropaeolin (83) was identified, having a deprotonated ion peak at m/z 408.0434 and a main fragment at m/z 328 corresponding to the loss of HO3S• ion (-80.9 amu) as previously reported [40]. Unique among tropical fruits such as papaya is the presence of glucosinolates and cyanogenic glycosides like linamarin (peak 82) [41]. Importantly, linamarin was first to be reported in C. papaya, however other cyanogenic glycosides such as prunasin were previously reported [41].
Finally, seven other alkyl and/or benzyl glycosides were further annotated including hydroxybutyl-(hexosyl-hexoside) (38), ethyl-3-hydroxybutyrate glucoside (39), benzyl hexoside (40), benzyl/pentyl/ phenethyl and hexenyl-(pentosyl-hexoside) (41-44). Their molecular ion peaks were observed at m/z 459.1723 (C16H30O12), 293.1243 (C12H22O8), 315.1086 (C13H18O6), 447.1517 (C18H26O10), 427.1827 (C16H30O10), 461.1666 (C19H28O10), 439.1825 (C17H30O10).
2.5. Quantification of total phenolic and flavonoid contents in C. papaya extracts
Determination of total phenolic and flavonoid content of papaya extracts was performed according to Uysal et al. [25] and depicted in Table 2. Remarkably, immature seeds recorded the highest total phenolic content 52.36 ± 2.27 mg GAE/g, while the male leaf extract exhibited the highest flavonoid content (31.82 ± 0.32 mg RE/g).
2.6. [bookmark: _Hlk129970976]In vitro biological evaluation of C. papaya extracts
2.6.2. In vitro antioxidant activity
Free radicals are the key components in numerous degenerative diseases [42-44]. In normal conditions, human body antioxidant systems can scavenge toxic free radicals. Exposure to various environmental toxins will lead to excessive production of  reactive oxygen  and nitrogen species resulting  in various chronic and degenerative diseases [45]. C. papaya  contains a number of bioactive compounds that are known for their free radical scavenging activity [46-49]. To assess the antioxidant and free radical scavenging activity of C. papaya, the methanolic extracts of different organs (female leaf, male leaf, mature and immature fruit and mature and immature seeds) were evaluated by six different methods including DPPH, ABTS, FRAP, metal chelating, CUPRAC and phosphomolybdenum (Table 3). All investigated extracts showed potent free radical scavenging activity. In detail, C. papaya immature seeds showed extensively higher free radical scavenging capacities in different antioxidant assays (DPPH, FRAP, CUPRAC, ABTS, and phosphomolybdenum) when compared with other organs. Mature seeds recorded significantly higher metal chelating activity followed by female leaf and immature seed (51.59, 41.98 and 30.32 mg (EDTAE/g), respectively). The high free radical scavenging activity of immature seed may be due to higher content of phenolic compounds (52.36±2.27 mg GAE/g). In a previous study, Halder et al., [50]  compared the methanolic extract of papaya flower with that of two other plants. Papaya flowers revealed as high free radical scavenging activity as related to higher phenolic content. Further,  papaya flower and leaf fractions exhibited  high total phenolic and flavonoid content and high antioxidant activity using DPPH assay [51, 52]. Gaye et al.,  [53] found a directly proportional correlation between phenolic content and antioxidant activity using DPPH and ABTS assays in leaves and delipidated seeds of C. papaya. Structurally, hydroxyl groups of  phenolic compounds  facilitate  their radical scavenging and redox properties protecting cell against destructive oxidative damage limiting numerous degenerative diseases [45, 50]. Interestingly, caffeoyl malic acid, found in the extract of papaya female leaf, exhibits free radical-scavenging and antioxidant activities due to the presence of the catechol group. Malic acid may contribute to this activity yet it’s role is less significant when compared to caffeoyl moiety[54].  Karakousi et al reported that feruloyl, caffeoyl and coumaroyl moieties contribute to the free radical-scavenging activity of compounds [55].  Our research is the first to report the antioxidant and free radical scavenging activities of the extracts obtained from different papaya organs using different antioxidant assays (DPPH, ABTS, FRAP, metal chelating, CUPRAC and phosphomolybdenum). Accordingly, these results encourage further thorough in-depth investigation of these papaya extracts in amelioration of degenerative diseases.
2.6.3. In vitro enzyme inhibitory activities 
[bookmark: _Hlk123384064]Alzheimer's disease (AD) is affecting over 45 million people of the world population  [56]. Deficiency in the cholinergic neurotransmission is the main cause of memory and learning impairment occurring in adult dementia disorders including AD [56-58]. Acetylcholine (Ach) is degraded in the brain by two enzymes Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) [57], thus (AChE) and (BChE) inhibitors elevate the  levels of ACh in the brain resulting in  prevention of neurotransmitter degradation and enhancing the deficiency in brain cholinergic neurotransmission [56-58]. Papaya immature and mature seeds, immature and mature fruits, and male leaf extracts recorded convergent AChE inhibition activity ranging from (2.31-2.67 mg GALAE/g), while female leaf recorded the least AChE inhibition activity 0.22±0.05 mg GALAE/g (Table 4). While for BChE inhibition, female and male leaf extracts showed the highest activity (2.77±0.40 and 2.66±0.11, respectively). On the other hand, immature fruit recorded the least BChE inhibition activity with 0.16±0.03 (table 4). The high BChE inhibition of papaya male and female may contribute mainly to the presence of  carpaine alkaloid [59], as a previous molecular docking study of carpaine alkaloid showed that it is well fitted in BChE active sites by forming hydrophobic interactions and hydrogen bond with the acyl pocket and choline binding site, while carpaine has low activity on AChE  [59]. AChE structure allows only small molecules to interact with the active sites such as phenolic compounds [60].
[bookmark: _Hlk175764320] In the current study, UHPLC-QTOF-MS metabolic profiling of different papaya organs revealed that only papaya male and female leaf contain carpaine alkaloid and its derivatives, which could explain their highest BChE inhibition activity compared with other organs. The  AChE and BChE inhibition and free radical scavenging action of papaya organs is partially attributed to their phenolic and flavonoid phytoconstituents [61]. Additionally, caffeoyl malic acid found in female leaf of papaya has potent AChE inhibitory  activity [62].  Finally, we can conclude that C. papaya different extracts can introduce a promising remedy to improve the pathophysiology of dementia disorders in elderly people, it can also provide a potent neuroprotective leads against many neurological diseases. 
[bookmark: _Hlk175764345]The digestion of complex carbohydrates in the gastrointestinal tract is done by two substantial enzymes α-glucosidase and α-amylase leading to postprandial hyperglycemia which is a threatening complication associated with type 2 Diabetes [61]. Thus, the inhibition of these two key enzymes will minimize carbohydrates uptake and digestion resulting in a more controlled blood glucose level in type 2 diabetes. All investigated papaya organs showed moderate α-amylase enzyme inhibition (Table 4). Papaya male and female leaf extracts recorded the highest α-amylase inhibitory activity with 0.50±0.00 and 0.66±0.01 mmol ACAE/g, respectively. Also, mature and immature seeds and fruits showed comparable results ranging from 0.23±0.02 to 0.34±0.04 mmol ACAE/g. Only mature papaya fruit showed α-glucosidase inhibition recording 0.73±0.06 mmol ACAE/g, while all other organs were inactive. Previously, researchers reported that the hexane extract of C. papaya seeds has a pronounced α-glucosidase and α-amylase inhibitory potential due to the encompassed fatty acids such as oleic acid, 11-octadecenoic acid, n-hexadecenoic acid and  octadecanoic acid [61]. In the same context, different papaya leaf extracts exhibited potent in vivo antidiabetic effect [63, 64]. Remarkably, hydroxybenzoic acid, dihydroxybenzoic acid and phenolic compounds were found to inhibit α-amylase. Their  inhibitory effect seemed to depend on the number and  position of hydroxyl groups [65, 66]. Noteworthy, this is the first report to investigate the in vitro antidiabetic effect of the extracts of different papaya organs using α-glucosidase and α-amylase inhibition assays.
Tyrosinase enzyme plays an important role in melanin formation in mammalian hair and  skin, excessive levels of epidermal pigmentation give rise to numerous dermatological disorders, such as age spots, melasma, sites of actinic damage, and in the life threatening malignant melanoma [67, 68]. Tyrosinase enzyme plays an important role in browning mechanism in fruits and crops causing tissue damage leading to decrease in nutritional value and economic loss [68, 69]. Tyrosinase inhibition can be of great importance in skin preparation and protecting crops from nutritional and economical damage. Mature papaya seed extract showed the highest tyrosinase enzyme inhibition value recording 27.33 mg KAE/g (Kojic acid equivalent/g), while other organs showed lower activity (9.86 to 13.69 mg KAE/g). In food industries, sensory and nutritional values of food products is highly influenced by enzymatic browning. Further, the colour of fruits and vegetables, which are exposed to enzymatic browning after brushing, peeling, and crushing operations, greatly influences the choices of consumers. The most natural anti-browning agent is ascorbic acid, however, the effect is temporary because it is chemically oxidized to dehydroascorbic acid, which is non-functional. Therefore, natural anti-browning agents that are more effective, resourceful, and free of harmful side effects should be screened and identified for use in the food industry. 
4. Correlation between bioassays and metabolites in C. papaya extracts
The relationship between the measured bioassays was studied using correlation analysis. Correlation coefficients are shown in Table 5. A significant positive correlation was found between TPC and antioxidant assays (DPPH, ABTS, CUPRAC, FRAP, and TAC). This indicates that phenolic compounds were the most active metabolites measured by these assays. The antioxidant capacity determined by ABTS and the results obtained by FRAP, CUPRAC and DPPH methods were also significantly correlated, suggesting that the antioxidants in these extracts were capable of scavenging radical cations (ABTS•+) and reducing oxidants (cupric and ferric ions) or DPPH• radical. In contrast, there was no significant correlation between TPC and TFC, which may indicate that phenolic acids and compounds similar to them are mainly responsible for antioxidant capacity. Interestingly, there was no statistically significant correlation between TPC/TFC as well as antioxidant capacity of the extracts and the results of enzymatic assays, which may indicate low inhibitory capacity of phenolic compounds present in the extracts. 
Principal component analysis (PCA) was applied to observe any possible groups within extracts of different C. papaya organs (Figure 2). The first (PC1) and second (PC2) principal components accounted for 46.57 and 19.93% of the variability in the data set. The scores plot in Figure 1A displays the well-separated extracts into groups according to their origin (plant organ) except for mature seeds, which grouped with fruits. The loadings plots (Figure 2B and 2C) explain the contribution of each variable to the total variance and shows key variables causing variation in the dataset. The PC1 positively correlated with TPC and antioxidant assays (DPPH, ABTS, CUPRAC, FRAP, and TAC), while PC2 positively correlated with AChE and α-glucosidase and negatively with BChE and α-amylase. The PCA model showed that immature seeds had the highest antioxidant properties, while leaves separated from fruit and mature seeds mostly due to higher BChE and α-amylase inhibition activity, and lower AChE and α-glucosidase inhibition activity.
Hierarchical cluster analysis (HCA) using relative metabolite content was used to further investigate the chemical composition of C. papaya extracts (Figure 3). The analysis highlighted that leaf extracts differed significantly in composition from other plant organs. This was mainly due to the high content of various classes of compounds containing alkylated saccharides, feruloylmalic acid isomers, alkaloids and kaempferol and quercetin glycosides in male leaves. Additionally, leaves were characterized by a high content of lipids, fatty acids, glucosinolates and carpaine I isomers. In contrast, the seeds contained high amounts of hydroxybenzoic acids and their derivatives, as well as tryptophan.
Then, an attempt to coordinate the activity obtained in the bioassays with the chemical composition of the tested extracts was performed through a correlation analysis presented in the form of a HCA with a heat map presenting Pearson's correlation coefficient (Figure 4).  Indeed, TPC was found to be highly correlated with the presence of dihydroxybenzoic acids and their derivatives, and somewhat weaker with hydroxybenzoic acid and salicyloylaspartic acid. Similarly, antioxidant assays (DPPH, ABTS, CUPRAC, FRAP, TAC) were significantly correlated with the same metabolites. This is not surprising; given that these are metabolites present primarily in extracts from immature seeds. Hydroxybenzoic acid and dihydroxybenzoic acid are examples of phenolic compounds with known  free radical scavenging and antioxidant activities [70-72]. Interestingly, correlation analysis made it apparent that TFC is significantly correlated with the presence of flavonoid glycosides present in the leaves.  Inhibition of BChE and α-amylase was quite strongly correlated with a number of metabolites, among which lipids and fatty acid predominated, but there were also alkaloids (carpaine isomers) and glucosinolates (glucotropaeolin). While, AChE inhibition was negatively correlated with several lipids and carpaine isomer I. Carpaine alkaloid inhibits BChE enzyme but has a minimal effect on AChE, as previously discussed in section (2.6.3) [59]. Further, molecular docking studies revealed that glucosinolates bind to the BChE’s active catalytic site (tryptophan and histidine residues), thus inhibiting the enzyme [73]. 
In contrast, α-glucosidase inhibition was quite strongly correlated only with hydroxyoctanoic acid hexoside. Interestingly, previous reports highlighted the α-glucosidase and α-amylase inhibitory activity of fatty acids such as octadecadienoic, hydroxy-octadecatrienoic and dihydroxy-octadecatrienoic acids [74]. The degree of unsaturation in fatty acids significantly influence their enzyme inhibition activity [74, 75]. On the other hand, TYR was strongly correlated with a number of amino acids and hydroxybenzoic acid derivatives. Tryptophan and phenylalanine, identified in papaya extracts, are antioxidant amino acids that can inhibit tyrosinase-catalyzed oxidation by competing with L-dopa and L-tyrosine for oxygen during melanin synthesis. Hydrophobic amino acids like phenylalanine, alanine and proline are often found in free radical-scavenging peptides. While aromatic amino acids like tryptophan, phenylalanine, can stabilize active oxygen through direct electron transfer. Additionally, these amino acids, especially peptide chain termini, interact with copper active sites of tyrosinase [76]. The hydroxybenzoic acids inhibit tyrosinase by binding to the enzyme’s copper active site through its phenoxy group [77]. The free radical-scavenging activity of hydroxybenzoic acid derivatives may be a contributing factor in their anti-tyrosinase activity [70, 76].
5. Conclusion
Herein, a comprehensive metabolite profiling of different papaya organs’ extracts was thoroughly performed using UPLC/QTOF/MS analysis. Thus, revealing an enriched metabolome of both edible and inedible parts of C. papaya. Alkaloids, flavonoids, phenolic acids, glucosinolates, amino acids and fatty acids were among the annotated phytoconstituents. 
Correlation analysis unraveled the phytochemical compounds linked to the bioassays including carpaine alkaloids, flavonoids, hydroxybenzoic acid derivatives, fatty acids and amino acids. Further, the antioxidant and enzyme inhibitory assays of C. papaya extracts strongly corroborate for further implication of these nutraceutical plant to guard against ROS-linked degenerative diseases, and further to ameliorate diabetes and the dermatological disorders. Also, the current study recommends the use of papaya extracts to prevent browning and damage of crops through tyrosinase-inhibition which seems to be of a great importance for food industries. 
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Table 1. High-resolution UPLC-MS/MS-guided annotation of primary and secondary metabolites detected in the methanol extracts of Carica papaya L. leaves, including its malea and femaleb species, as well as the mature and immature seedsc,d and fruitse,f, respectively. 
	No.
	Rt (min.)
	m/z Experimental
	Error (ppm)
	Ionization mode
	Molecular formula
	Major MS2
	Identified metabolite
	a
	b
	c
	d
	e
	f

	Alkaloids
	
	
	
	
	
	

	1 
	4.61
	365.1357
	-0.8
	[M−H]−
	C17H22N2O7
	245.0932, 203.0826
	Semilepidinoside B
	√
	√
	√
	√
	
	

	2 
	9.7
	475.354
	-1.9
	[M+H]+
	C28H46N2O4
	238.1809
	Dehydrocarpaine II
	√
	
	
	
	
	

	3 
	11.2
	495.3806
	2.8
	[M+H]+
	C28H50N2O5
	392.1916, 248.1949
	Carpaine derivative 
	√
	
	
	
	
	

	4 
	11.31
	477.3698
	-2.3
	[M+H]+
	C28H48N2O4
	240.1964
	Dehydrocarpaine I isomer I
	√
	
	
	
	
	

	5 
	11.36
	479.3849
	-1.2
	[M+H]+
	C28H50N2O4
	240.1966
	Carpaine isomer I
	√
	√
	
	
	
	

	6 
	11.80
	477.3696
	-1.9
	[M+H]+
	C28H48N2O4
	240.1966
	Dehydrocarpaine I isomer II
	√
	
	
	
	
	

	7 
	11.91
	479.3853
	2.0
	[M+H]+
	C28H50N2O4
	240.1966
	Carpaine isomer II
	√
	√
	
	
	
	

	8 
	12.02
	489.3346
	-2.5
	[M−H]−
	C28H46N2O5
	250.1452, 232.1346
	Hydroxy-dehydrocarpaine II isomer I
	
	√
	
	
	
	

	9 
	19.72
	489.3317
	3.5
	[M−H]−
	C28H46N2O5
	250.1434
	Hydroxy-dehydrocarpaine II isomer II
	
	√
	
	
	
	

	Amino acids and derivatives
	
	
	
	
	
	

	10 
	1.04
	293.0987
	1.1
	[M−H]−
	C10H18N2O8
	204.0519, 174.0403, 132.0290
	Hexosyl-asparagine
	
	
	
	
	
	

	11 
	1.63
	342.1193
	0.3
	[M−H]−
	C15H21NO8
	180.0666
	N-(1-Deoxy-1-fructosyl) tyrosine 
	
	
	√
	
	
	

	12 
	2.00
	292.1398
	1.4
	[M−H]−
	C12H23NO7
	202.1085, 130.0874
	N-(1-Deoxy-1-fructosyl) isoleucine
	
	
	√
	√
	
	

	13 
	3.09
	166.0868
	-3.1
	[M+H]+
	C9H11NO2
	120.0808, 149.0597
	Phenylalanine
	√
	√
	√
	√
	
	

	14 
	3.25
	326.1246
	-0.3
	[M−H]−
	C15H21NO7
	236.0928, 206.0823, 164.0717, 147.0452
	N-(1-Deoxy-1-fructosyl) phenylalanine
	
	
	√
	
	
	

	15 
	4.81
	203.0825
	0.3
	[M−H]−
	C11H12N2O2
	142.0662, 116.0506
	Tryptophan
	√
	√
	√
	
	
	

	16 
	6.58
	236.0566
	-0.6
	[M−H]−
	C11H11NO5
	120.0455, 174.0561, 115.0037, 218.0459
	Benzoyl aspartic acid
	√
	√
	√
	√
	
	

	17 
	7.00
	210.0768
	1.8
	[M−H]−
	C10H13NO4
	192.0669, 124.0394
	Methoxytyrosine
	
	
	
	
	√
	√

	18 
	7.40
	250.0711
	4.1
	[M−H]−
	C12H13NO5
	206.0804, 132.0287
	N-Phenylacetylaspartic acid 
	
	
	√
	√
	
	

	19 
	8.26
	252.0502
	4.5
	[M−H]−
	C11H11NO6
	208.0605, 136.0392
	Salicyloylaspartic acid 
	
	
	
	√
	
	

	20 
	8.58
	206.0826
	-1.4
	[M−H]−
	C11H13NO3
	164.0717, 147.0452
	N-acetyl-phenylalanine
	√
	√
	
	
	
	

	21 
	8.86
	230.1037
	-1.1
	[M−H]−
	C10H17NO5
	212.0928, 186.1137, 168.1023
	Suberylglycine
	√
	√
	√
	
	
	

	Fatty acids
	
	
	
	
	
	

	22 
	16.36
	327.2164
	4
	[M−H]−
	C18H32O5
	309.2060, 291.1966, 229.1445, 211.1330
	Trihydroxy-octadecadienoic acid isomer I
	√
	√
	
	
	
	

	23 
	16.52
	327.2164
	3.9
	[M−H]−
	C18H32O5
	309.2056, 291.1954, 229.1434, 211.1329
	Trihydroxy-octadecadienoic acid isomer II
	√
	√
	
	
	
	

	24 
	16.74
	327.2164
	3.9
	[M−H]−
	C18H32O5
	309.2060, 291.1954, 229.1435, 211.1329, 171.1022
	Trihydroxy-octadecadienoic acid isomer III
	√
	√
	
	
	
	

	25 
	17.69
	329.2322
	3.9
	[M−H]−
	C18H34O5
	311.2228, 229.1435, 211.1328, 171.1016
	Trihydroxy-octadecenoic acid isomer I
	√
	√
	
	
	
	

	26 
	17.83
	329.2322
	3.5
	[M−H]−
	C18H34O5
	311.2214, 229.1435, 211.1334, 171.1029
	Trihydroxy-octadecenoic acid isomer II
	√
	√
	
	
	
	

	27 
	23.06
	309.2061
	3.2
	[M−H]−
	C18H30O4
	291.1966, 211.1329, 197.1183
	Dihydroxy-octadecatrienoic acid isomer I
	√
	√
	
	
	
	

	28 
	23.45
	309.2060
	3.8
	[M−H]−
	C18H30O4
	291.1951, 211.134, 197.1176
	Dihydroxy-octadecatrienoic acid isomer II
	√
	√
	
	
	
	

	29 
	26.26
	293.2114
	2,8
	[M−H]−
	C18H30O3
	275.2006, 235.1701, 171.102
	Hydroxy-octadecatrienoic acid isomer I
	√
	√
	
	
	
	

	30 
	26.58
	293.2112
	3.6
	[M−H]−
	C18H30O3
	275.2004, 223.1333, 195.1383
	Hydroxy-octadecatrienoic acid isomer II
	√
	√
	
	
	
	

	31 
	28.17
	295.2274
	1.4
	[M−H]−
	C18H32O3
	277.2173, 195.1391
	Hydroxy-octadecadienoic acid
	√
	√
	
	
	
	

	Fatty acids glycosides
	
	
	
	
	
	

	32 
	10.17
	321.1545
	3
	[M−H]−
	C14H26O8
	159.1021, 141.0911
	Hydroxyoctanoic acid hexoside
	
	
	√
	
	√
	

	33 
	19.67
	737.3589
	1.8
	[M+FA−H]−
	C33H56O15
	415.1444, 397.1340, 293.2110
	Protoconstipatic acid dihexoside
	√
	√
	
	
	
	

	Flavonoid glycosides
	
	
	
	
	
	

	34 
	8.31
	755.2047
	-0.9
	[M−H]−
	C33H40O20
	609.1468, 300.0276, 255.0299, 178.999
	Quercetin-3-O-(dideoxyhexosyl-hexoside)
	√
	√
	
	
	
	

	35 
	9.02
	739.2103
	-1.6
	[M−H]−
	C33H40O19
	575.1406, 327.051, 284.0326
	Kaempferol-3-O-(dideoxyhexosyl-hexoside)
	√
	√
	
	
	
	

	36 
	9.45
	609.1470
	-1.5
	[M−H]−
	C27H30O16
	343.0459, 301.0354, 255.0299
	Quercetin-3-O-(deoxyhexosyl-hexoside)
	√
	√
	
	
	
	

	37 
	10.46
	593.1525
	-2.1
	[M−H]−
	C27H30O15
	447.0941, 284.0332, 285.0405
	Kaempferol-3-O-(deoxyhexosyl-hexoside)
	√
	√
	
	
	
	

	Alkyl/benzyl Glycosides
	
	
	
	
	
	

	38 
	2.27
	459.1723
	-0.8
	[M+FA−H]−
	C16H30O12
	413.1664, 251.1136, 179.0540
	Hydroxybutyl-(hexosyl-hexoside)
	
	
	√
	
	
	

	39 
	5.94
	293.1243
	-0.2
	[M−H]−
	C12H22O8
	173.0819, 131.0714, 113.0245
	Ethyl-3-hydroxybutyrate glucoside
	√
	
	√
	
	
	

	40 
	6.71
	315.1086
	-0.2
	[M+FA−H]−
	C13H18O6
	269.1031, 161.0244, 127.6456
	Benzyl hexoside
	√
	√
	
	
	
	

	41 
	7.14
	447.1517
	-0.2
	[M+FA−H]−
	C18H26O10
	401.1467, 269.1044, 161.1044
	Benzyl-(pentosyl-hexoside)
	√
	√
	
	
	
	

	42 
	7.91
	427.1827
	-1.6
	[M+FA−H]−
	C16H30O10
	381.1772, 249.1345, 161.0453
	Pentyl-(pentosyl-hexoside)
	√
	√
	
	
	
	

	43 
	8.55
	461.1666
	-0.4
	[M−H]−
	C19H28O10
	415.1672, 283.1166, 191.0568, 149.0505
	Phenethyl-(pentosyl-hexoside)
	√
	
	
	
	
	

	44 
	8.85
	439.1825
	-1
	[M+FA−H]−
	C17H30O10
	393.1776, 261.1349, 191.0565, 179.0558, 149.0453
	Hexenyl-(pentosyl-hexoside)
	√
	√
	
	
	
	

	Hydroxybenzoic acid derivatives
	
	
	
	
	
	

	45 
	4.33
	223.0251
	-1.2
	[M−H]−
	C10H8O6
	193.0142
	Dehydrochorismic acid
	
	
	√
	
	
	

	46 
	5.62
	307.0449
	-1.1
	[2M−H]−
	C7H6O4
	109.0279
	Dihydroxybenzoic acid isomer I
	
	
	
	√
	
	

	47 
	5.68
	139.0396
	-2.2
	[M+H]+
	C7H6O3
	121.0296
	Hydroxybenzoic acid
	
	
	√
	√
	
	

	48 
	6.72
	153.0193
	0.21
	[M−H]−
	C7H6O4
	109.0294
	Dihydroxybenzoic acid isomer II                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
	
	
	
	√
	
	

	49 
	2.78
	461.1304
	-0.7
	[M−H]−
	C19H26O13
	323.0992, 263.0798, 137.0239
	Hydroxybenzoic acid dihexoside
	
	
	
	√
	
	

	50 
	3.01
	623.1831
	-0.3
	[M−H]−
	C25H36O18
	383.1195, 221.0662, 179.0563, 137.0240
	Hydroxybenzoic acid trihexoside
	
	
	√
	
	
	

	51 
	3.33
	477.1241
	1.8
	[M−H]−
	C19H26O14
	399.0566, 152.0102
	Dihydroxybenzoic acid dihexoside
	
	
	
	√
	
	

	52 
	3.51
	315.0722
	-0.1
	[M−H]−
	C13H16O9
	153.0193
	Dihydroxybenzoic acid hexoside isomer I
	
	
	
	√
	
	

	53 
	3.59
	431.1200
	-1.2
	[M−H]−
	C18H24O12
	137.0244
	Apiosylglucosyl 4-hydroxybenzoic acid
	
	
	√
	
	
	

	54 
	4.16
	315.0713
	2.7
	[M−H]−
	C13H16O9
	153.0187
	Dihydroxybenzoic acid hexoside isomer II
	
	
	√
	
	
	

	55 
	4.95
	285.0605
	3.8
	[M−H]−
	C12H14O8
	152.0100, 121.0276
	Dihydroxybenzoic acid pentoside
	
	
	
	√
	
	

	Hydroxycinnamic acid derivatives
	
	
	
	
	
	

	56 
	7.59
	295.0467
	-2.7
	[M−H]−
	C13H12O8
	179.035, 133.0133
	Caffeoyl malic acid
	
	√
	
	
	
	

	57 
	9.07
	279.0515
	-1.7
	[M−H]−
	C13H12O7
	163.0400, 119.0502
	Coumaroylmalic acid isomer I
	√
	√
	
	
	
	

	58 
	9.39
	279.0514
	-1
	[M−H]−
	C13H12O7
	163.0401, 133.0142, 119.0501, 115.0034
	Coumaroylmalic acid isomer II
	√
	√
	
	
	
	

	59 
	9.81
	309.0622
	-2
	[M−H]−
	C14H14O8
	193.0506, 178.0272, 149.0608, 134.0373, 115.0037
	Feruloylmalic acid isomer I
	√
	√
	
	
	
	

	60 
	10.05
	309.0623
	-2.3
	[M−H]−
	C14H14O9
	193.0518, 134.0358, 133.0138, 115.0044
	Feruloylmalic acid isomer II
	√
	√
	
	
	
	

	Lipids
	
	
	
	
	
	

	61 
	25.01
	721.3641
	1.6
	[M+FA−H]−
	C33H56O14
	415.1448, 397.1347, 277.2166
	Gingerglycolipid A
	√
	√
	
	
	
	

	62 
	27.44
	559.3127
	-0.6
	[M+FA−H]−
	C27H46O9
	277.2168, 253.0924, 161.0427
	Octadecatrienoic acid, 3-(hexopyranosyloxy)-2-hydroxypropyl ester
	√
	√
	
	
	
	

	63 
	27.85
	699.3811
	-0.4
	[M+FA−H]−
	C31H58O14
	415.1454, 397.1349, 255.2322
	Hexadecanoic acid, 3-(hexosyl-hexopyranosyloxy)-2-hydroxypropyl ester
	√
	√
	
	
	
	

	64 
	28.22
	540.3305
	0.4
	[M+FA−H]−
	C24H50NO7P
	480.3095, 255.2327, 224.0690
	1-Hexadecanoyl-sn-glycero-3-phosphocholine
	√
	√
	
	
	
	

	Organic acids
	
	
	
	
	
	

	65 
	1.19
	133.0135
	5.3
	[M−H]−
	C4H6O5
	115.0033
	Malic acid
	
	
	
	√
	√
	√

	66 
	1.29
	191.0199
	-0.91
	[M−H]−
	C6H8O7
	173.0095, 129.0200, 111.0082
	(Iso)citric acid isomer I
	
	
	√
	√
	
	√

	67 
	1.51
	191.0199
	-1.1
	[M−H]−
	C6H8O7
	173.0098, 129.0191, 111.0084
	(Iso)citric acid isomer II
	
	
	√
	√
	
	

	68 
	2.63
	205.0353
	0.3
	[M−H]−
	C7H10O7
	161.045, 143.0344
	Methyl(iso)citric acid
	
	
	
	
	
	√

	69 
	3.43
	202.0720
	0.6
	[M−H]−
	C8H13NO5
	184.0619, 158.0817
	N-acetyl-aminoadipate
	√
	√
	√
	
	√
	

	Phenolic glycosides
	
	
	
	
	
	

	70 
	1.90
	317.0876
	0.5
	[M+FA−H]−
	C12H16O7
	271.0823, 151.0401
	Arbutin (catechol hexoside)
	
	
	
	√
	
	

	71 
	2.70
	331.0670
	0.1
	[M−H]−
	C13H16O10
	313.0565, 168.0064, 125.0244
	Hexosyl-gallic acid 
	
	
	
	√
	
	

	72 
	2.92
	299.0771
	0.3
	[M−H]−
	C13H16O8
	137.0244
	Hydroxybenzoyl hexose
	
	
	√
	√
	
	

	73 
	4.16
	315.1086
	-0.1
	[M−H]−
	C14H20O8
	269.1031, 161.0455, 153.0557, 123.0452
	Hydroxytyrosol-O-hexoside
	√
	√
	
	
	
	

	74 
	4.82
	341.0879
	-0.2
	[M−H]−
	C15H18O9
	135.0452
	Caffeoyl-hexoside
	√
	√
	
	
	
	

	75 
	4.92
	313.0931
	-0.7
	[M−H]−
	C14H18O8
	269.1029, 159.0288, 113.0231
	Hydroxyphenylacetic acid hexoside
	
	
	√
	√
	
	

	Saccharides
	
	
	
	
	
	

	76 
	1.06
	195.0511
	-0.3
	[M−H]−
	C6H12O7
	177.0398, 159.0292
	Gluconic acid
	
	
	√
	√
	√
	

	77 
	1.07
	209.0304
	-0.5
	[M−H]−
	C6H10O8
	159.0306, 129.0197
	Glucaric acid
	
	
	√
	√
	√
	

	78 
	1.12
	341.1089
	0.1
	[M−H]−
	C12H22O11
	161.046, 179.058
	Lactulose or sucrose
	√
	√
	
	√
	√
	

	79 
	1.15
	209.0665
	0.8
	[M−H]−
	C7H14O7
	159.0295,129.0197, 119.0235
	Sedoheptulose
	
	
	√
	
	
	

	Others
	
	
	
	
	
	

	80 
	1.19
	353.0723
	0.6
	[M+FA−H]−
	C11H16O10
	307.1053, 173.0092, 161.0464, 111.0081
	Ascorbic acid hexoside
	
	
	
	
	√
	√

	81 
	1.55
	243.0621
	0.7
	[M−H]−
	C9H12N2O6
	200.0559, 196.0126 182.0459, 153.0306
	Pseudouridine
	√
	√
	
	√
	
	

	82 
	1.68
	248.1125
	1.5
	[M+H]+
	C10H17NO6
	230.1023, 212.0917, 194.0812, 182.0812
	Linamarin
	
	
	
	
	√
	√

	83 
	4.29
	408.0434
	-1.6
	[M−H]−
	C14H19NO9S2
	328.0858, 274.9905, 259.0134, 195.0336
	Glucotropaeolin (Benzyl glucosinolate)
	√
	√
	
	
	
	

	84 
	7.60
	431.1919
	1
	[M+FA−H]−
	C19H30O8
	385.1877, 223.1356, 205.1233, 153.092
	Roseoside
	√
	√
	
	
	
	




 Table 2: Quantification of total phenolic and flavonoids contents in C. papaya organs
	Extract 
	[bookmark: OLE_LINK9]Total phenolic
mg GAE/g
	[bookmark: OLE_LINK15]Total flavonoids 
mg RE/g

	Female  leaf
	[bookmark: OLE_LINK8]14.94±0.68b
	[bookmark: OLE_LINK16]4.54±0.26b

	Male leaf
	[bookmark: OLE_LINK10]15.27±0.31b
	[bookmark: OLE_LINK17]31.82±0.32a

	Immature fruit
	[bookmark: OLE_LINK11]15.70±0.33b
	[bookmark: OLE_LINK18]1.21±0.03d

	Mature fruit
	[bookmark: OLE_LINK12]16.06±0.99b
	[bookmark: OLE_LINK19]1.71±0.06c

	Mature seed
	[bookmark: OLE_LINK13]16.06±0.13b
	[bookmark: OLE_LINK20]1.56±0.04cd

	Immature seed
	[bookmark: OLE_LINK14]52.36±2.27a
	[bookmark: OLE_LINK21]4.81±0.11b


Different letters indicate significant differences between the tested extracts (p<0.05). GAE; Gallic acid equivalents, RE; Rutin equivalents.


	Extract
	[bookmark: OLE_LINK28]DPPH  (mg TE/g)
	[bookmark: OLE_LINK29]ABTS  (mg TE/g)
	[bookmark: OLE_LINK36]CUPRAC (mg TE/g)
	[bookmark: OLE_LINK43]FRAP  (mg TE/g)
	[bookmark: OLE_LINK50]Metal Chelating mg (EDTAE/g)
	[bookmark: OLE_LINK57]Phosphomolybdenum (mmol TE/g)

	Female  leaf
	[bookmark: OLE_LINK22]3.02±0.26f
	[bookmark: OLE_LINK30]24.58±0.43d
	[bookmark: OLE_LINK37]41.47±2.26b
	[bookmark: OLE_LINK44]15.23±0.42c
	[bookmark: OLE_LINK51]41.98±0.73b
	[bookmark: OLE_LINK58]1.21±0.05bc

	Male leaf
	[bookmark: OLE_LINK23]14.030±0.31d
	[bookmark: OLE_LINK31]22.74±0.77d
	[bookmark: OLE_LINK38]41.54±0.67b
	[bookmark: OLE_LINK45]22.62±0.41bc
	[bookmark: OLE_LINK52]20.42±0.77d
	[bookmark: OLE_LINK59]0.89±0.04c

	Immature  fruit
	[bookmark: OLE_LINK24]11.98±0.30e
	[bookmark: OLE_LINK32]23.86±1.37d
	[bookmark: OLE_LINK39]31.04±0.91c
	[bookmark: OLE_LINK46]17.7±0.16bc
	[bookmark: OLE_LINK53]25.53±4.57cd
	[bookmark: OLE_LINK60]1.15±0.07bc

	Mature  fruit
	[bookmark: OLE_LINK25]18.10±0.38c
	[bookmark: OLE_LINK33]32.07±0.07b
	[bookmark: OLE_LINK40]40.34±0.62b
	[bookmark: OLE_LINK47]22.72±1.52b
	[bookmark: OLE_LINK54]8.84±0.79e
	[bookmark: OLE_LINK61]1.26±0.22b

	Mature  seed
	[bookmark: OLE_LINK26]22.75±0.18b
	[bookmark: OLE_LINK34]29.39±0.57c
	[bookmark: OLE_LINK41]35.11±0.52bc
	[bookmark: OLE_LINK48]22.79±0.32b
	[bookmark: OLE_LINK55]51.59±1.30a
	[bookmark: OLE_LINK62]0.94±0.03bc

	Immature  seed
	[bookmark: OLE_LINK27]49.20±0.02a
	[bookmark: OLE_LINK35]51.01±0.04a
	[bookmark: OLE_LINK42]139.12±7.10a
	[bookmark: OLE_LINK49]161.30±6.46a
	[bookmark: OLE_LINK56]30.32±2.29c
	[bookmark: OLE_LINK63]2.68±0.17a


   Table 3: In vitro antioxidant assays of different C. papaya L. organs methanol extracts 

Values are expressed as the mean ± Standard Deviation (n = 3) as mg Eq/g dry matter. Different superscript letters differ in p < 0.05, Tukey’s post hoc. DPPH; 2, 2-diphenyl-1-  picrylhydrazyl, ABTS; 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), CUPRAC; cupric reducing antioxidant capacity, FRAP; ferric reducing antioxidant property,TE; trolox equivalent; EDTAE; Ethylenediaminetetraacetic acid equivalent.



Table 4: Enzyme inhibitory activities by different C. papaya L. organs’ methanol extracts
	Extract
	[bookmark: OLE_LINK64]AChE (mg GALAE/g)
	[bookmark: OLE_LINK71]BChE (mg GALAE/g)
	[bookmark: OLE_LINK78]Tyrosinase (mg KAE/g)
	[bookmark: OLE_LINK85]α-Amylase (mmol ACAE/g)
	[bookmark: OLE_LINK89]α-Glucosidase (mmol ACAE/g)

	Female leaf
	[bookmark: OLE_LINK65]0.22±0.05c
	[bookmark: OLE_LINK72]2.77±0.40a
	[bookmark: OLE_LINK79]13.10±1.95b
	[bookmark: OLE_LINK86]0.66±0.01a
	na

	Male leaf
	[bookmark: OLE_LINK66]2.67±0.07a
	[bookmark: OLE_LINK73]2.66±0.11a
	[bookmark: OLE_LINK80]13.69±2.23b
	[bookmark: OLE_LINK87]0.50±0.00b
	na

	Immature  fruit
	[bookmark: OLE_LINK67]2.44±0.12ab
	[bookmark: OLE_LINK74]0.16±0.03d
	[bookmark: OLE_LINK81]9.86±0.80b
	[bookmark: OLE_LINK88]0.26±0.01d
	na

	Mature  fruit
	[bookmark: OLE_LINK68]2.31±0.12b
	[bookmark: OLE_LINK75]1.71±0.25b
	[bookmark: OLE_LINK82]13.61±2.68b
	0.23±0.02d
	0.73±0.06

	Mature  seed
	[bookmark: OLE_LINK69]2.38±0.22ab
	[bookmark: OLE_LINK76]0.37±0.03d
	[bookmark: OLE_LINK83]27.33±3.90a
	0.34±0.04c
	na

	Immature  seed
	[bookmark: OLE_LINK70]2.31±0.05b
	[bookmark: OLE_LINK77]1.00±0.08c
	[bookmark: OLE_LINK84]12.10±2.69b
	0.33±0.00c
	na


Values are reported as the mean ± Standard Deviation (n = 3). The results are expressed as mg Eq/g dry weight (dw). Different superscript letters differ in p < 0.05, Tukey’s post hoc. GALAE; Galantamine equivalent, KAE; Kojic acid equivalent, AChE; acetylcholinesterase, BChE; butyrylcholinestrase, ACAE; Acarbose equivalent; na.: not active. 



Table 5. Linear correlation coefficients (r, n = 6) among the results of assays.
	Pearson r
	TPC
	TFC
	DPPH
	ABTS
	CUPRAC
	FRAP
	MCA
	TAC
	AChE
	BChE
	TYR
	α-Amylase
	α-Glucosidase

	TPC
	1
	
	
	
	
	
	
	
	
	
	
	
	

	TFC
	-0.13
	1
	
	
	
	
	
	
	
	
	
	
	

	DPPH
	0.92**
	-0.14
	1
	
	
	
	
	
	
	
	
	
	

	ABTS
	0.95**
	-0.29
	0.94**
	1
	
	
	
	
	
	
	
	
	

	CUPRAC
	0.99****
	-0.06
	0.89*
	0.94**
	1
	
	
	
	
	
	
	
	

	FRAP
	1.00****
	-0.10
	0.93**
	0.95**
	0.99****
	1
	
	
	
	
	
	
	

	MCA
	0.01
	-0.27
	0.00
	-0.02
	-0.01
	0.00
	1
	
	
	
	
	
	

	TAC
	0.97***
	-0.25
	0.85*
	0.94**
	0.97**
	0.97**
	-0.06
	1
	
	
	
	
	

	AChE
	0.16
	0.26
	0.45
	0.18
	0.10
	0.18
	-0.40
	0.03
	1
	
	
	
	

	BChE
	-0.22
	0.59
	-0.40
	-0.27
	-0.10
	-0.20
	-0.22
	-0.18
	-0.50
	1
	
	
	

	TYR
	-0.216
	-0.14
	0.07
	-0.06
	-0.23
	-0.20
	0.65
	-0.33
	0.13
	-0.28
	1
	
	

	α-Amylase
	-0.20
	0.42
	-0.45
	-0.35
	-0.11
	-0.25
	0.40
	-0.20
	-0.74
	0.76
	-0.04
	1
	

	α-Glucosidase
	-0.19
	-0.24
	-0.05
	0.07
	-0.17
	-0.18
	-0.67
	-0.07
	0.14
	0.12
	-0.11
	-0.47
	1

	TPC = Total Phenolic Content;
TFC – Total Flavonoid Content;
MCA = Metal Chelating Activity;
TAC = Total Antioxidant Capacity (Phosphomolybdenum);
TYR = Tyrosinase inhibitory activity;
* p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001
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