


IMPROVING NUTRACEUTICAL POTENTIAL OF SWEET BASIL THROUGH JASMONIC ACID-INDUCED PHYTOCHEMICAL ACCUMULATION

ABSTRACT
	Sweet basil (Ocimum basilicum L.) is valued not only as a culinary herb but also for its rich profile of bioactive compounds with significant nutraceutical potential. This study investigates the role of jasmonic acid (JA), a naturally occurring plant hormone, as a bio-elicitor to enhance the phytochemical and antioxidant properties of basil leaves at three developmental stages (35, 50, and 65 DAS). Foliar applications of JA at concentrations of 0.3 mM (JA1), 0.6 mM (JA2), and 0.9 mM (JA3) dissolved in 2% ethanol were compared to a control (2% ethanol) to assess their effect on key biochemical traits. The results revealed that JA significantly enhanced all measured parameters compared to the control, with the 0.9 mM JA (JA3) treatment being the most effective. The highest accumulations were recorded under JA3: total phenols (50.72 mg 100 g-1), antioxidant activity (82.43%), ascorbic acid (5.11 mg 100 g-1), flavonoids (30.42 mg 100 g-1), alkaloids (3.67%), anthocyanins (2.23 mg 100 g-1), carotenoids (1.51 mg 100 g-1), free amino acids (2.26 mg 100 g-1), and chlorophyll (1.98 mg g-1). Most parameters peaked at 50 DAS, indicating that both treatment dose and developmental stage critically influenced phytochemical accumulation. The results contribute to the broader field of plant secondary metabolism and support the development of ecological strategies to improve the quality of medicinal and aromatic plants. The study provides a detailed understanding of how phytochemical and antioxidant properties can be optimized in a sustainable and non-genetic way.
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1. INTRODUCTION
	Sweet basil (Ocimum basilicum L.), a widely cultivated aromatic herb of the Lamiaceae family, is esteemed globally not only for its culinary value but also for its rich nutraceutical profile (Ilic et al., 2019). Native to Southeast Asia and cultivated extensively across tropical and subtropical regions, sweet basil is a vital ingredient in traditional medicine systems and functional foods. Its leaves are a natural reservoir of bioactive phytochemicals including essential oils (eugenol, linalool, methyl eugenol), phenolic acids, flavonoids, carotenoids, chlorophylls, and vitamins such as ascorbic acid and tocopherols, which collectively confer potent antioxidant, antimicrobial, and anti-inflammatory properties (Labra et al., 2004; Simon, 1985).
	The increasing demand for high-value medicinal and aromatic plants has highlighted the need for sustainable strategies to enhance the biosynthesis of secondary metabolites without genetic modification. One such strategy is the application of natural elicitors like jasmonic acid (JA), a plant-derived hormone known to regulate plant defence, growth, and metabolism (Miclea et al., 2020). JA plays a critical role in stimulating the production of phytochemicals through activation of the phenylpropanoid pathway (Ebrahim et al., 2017; Koeduka et al., 2006; Reddy et al., 2021).
	Previous studies have shown that foliar application of JA significantly elevates the levels of total phenolics, flavonoids, chlorophylls, and antioxidant capacity in sweet basil leaves (Zlotek et al., 2016; Kim et al., 2006; Malekpoor et al., 2016). JA also modulates chloroplast function, enhances proline and amino acid synthesis, and improves physiological resilience under stress conditions (Miclea et al., 2020; Kianersi et al., 2022). The elicitor-induced upregulation of secondary metabolism not only improves the therapeutic value of basil but also supports eco-friendly cultivation practices aligned with consumer demands for plant-based health products (Thounaojam et al., 2020).
	Despite these promising results, limited research has been conducted on how JA influences the nutraceutical quality of sweet basil leaves across different developmental stages. Since phytochemical synthesis is growth-phase dependent, understanding the dynamic response of leaf constituents to JA application is essential to optimize elicitor-based enhancement strategies in basil production.
2. 	MATERIALS AND METHODOLOGY 
	The present investigation, “Jasmonic Acid as a Natural Enhancer of Nutraceutical Quality in Sweet Basil Leaves” experimental field was carried out during the Kharif season of 2023-24 at the Medicinal and Aromatic Plants Research Station, AAU, Anand. Phytochemical analysis was performed at Department of Biochemistry, B. A. College of Agriculture, AAU, Anand. 
2.1 	Experimental design and treatments
	The study aimed to evaluate the effect of exogenous JA application on phytochemical accumulation in sweet basil leaves at different growth stages. The experiment was conducted using a Randomized Block Design (RBD) with five replications. Gujarat Anand Basil-1 (GAB-1), a high-yielding sweet basil cultivar, was selected as the experimental material. Four treatments were imposed:  control (2% ethanol), 0.3 mM (JA 1), 0.6 mM (JA 2), and 0.9 mM (JA 3), with JA dissolved in 2% ethanol for improved foliar absorption. The foliar application was carried out once at 20 days after transplanting, and phytochemical responses were evaluated at three critical growth stages—35 DAS, 50 DAS and 65 DAS. Fresh leaf samples were collected at each growth stage from all treatments for biochemical analyses. All procedures were carried out using high-purity reagents and standardized protocols to ensure the accuracy and reproducibility of results. The experiment was designed to determine both the optimal dose and timing of JA application for maximizing nutraceutical quality in sweet basil leaves.
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Image 1 Experimental Field of Sweet Basil
2.3	Phytochemical Screening
	Ten phytochemical parameters were analysed using the following standard protocols:
2.3.1	Moisture Content
	Moisture content was estimated by oven-drying 5 g of sweet basil leaf samples at 105°C for 6 hours, following A.O.A.C. (2000). Samples were cooled in a desiccator and weighed. Moisture percentage was calculated based on the weight loss using the formula:
Moisture (%) = [(Fresh weight – Dry weight) / Fresh weight] × 100.

2.3.2	Total Phenol Content
	Total phenol content was estimated using the method of Malick and Singh (1980). One gram of leaf tissue was extracted with 80% methanol, centrifuged, and pooled to a final volume of 10 ml. For analysis, 0.2 ml of the extract was reacted with Folin-Ciocalteu reagent and 20% sodium carbonate. After 30 minutes of incubation, absorbance was recorded at 620 nm. Phenolic content was calculated using a catechol standard curve and expressed as mg per 100 g sample.
Total phenol (mg 100 g-1) = 

2.3.3	Total Antioxidant Content (FRAP Assay)
	Antioxidant activity was determined using the FRAP assay (Blois, 1958). One gram of sweet basil leaf was extracted in 60% methanol with 0.1% HCl and centrifuged. The extract (1 ml) was mixed with 3 ml of FRAP reagent and incubated at 37°C for 10 minutes. Absorbance was recorded at 593 nm, and antioxidant capacity was expressed as mg ascorbic acid equivalent per gram fresh weight.
Total antioxidant content (%) =
Graph factor  10-4
2.3.4	Ascorbic Acid Content
	Ascorbic acid content in sweet basil leaves was estimated using the titrimetric method of Sadasivam and Balasubraminam (1987). Fresh leaf tissue was homogenized in 4% oxalic acid, centrifuged, and the supernatant was titrated with 2,6-dichlorophenol indophenol dye. The endpoint was indicated by a persistent pink color. Ascorbic acid content was calculated using the dye factor and expressed as mg 100 g⁻¹ fresh weight.
Amount of ascorbic acid mg 100 g-1 sample= 
Dye factor  Reading of sample   100
2.3.5	Chlorophyll Content
	Chlorophyll a, b, and total chlorophyll were estimated by extracting fresh leaves in dimethyl sulfoxide (DMSO), and absorbance was read at 645 and 663 nm (A.O.A.C., 2000). Equations were used for calculation.
Chlorophyll content (in mg g-1 fresh weight):
Chlorophyll a = (12.7 × A663) − (2.69 × A645)
Chlorophyll b = (22.9 × A645) − (4.68 × A663)
Total Chlorophyll = Chl a + Chl b
Where;
A663 and A645 = Absorbance values at 663 nm and 645 nm
2.3.6	Total Alkaloid Content
	Alkaloid content was estimated following Mishra (1996). One gram of fresh sweet basil leaf was extracted with chloroform and ammonia, allowed to stand overnight, and filtered. The combined chloroform extracts were evaporated, redissolved in ethyl alcohol, and treated with 0.01 N H₂SO₄. After warming and cooling, excess acid was titrated with 0.01 N NaOH. Alkaloid content was calculated using the formula:
Total alkaloid (mg 100 g⁻¹) = 0.415 × volume of acid consumed × 1000
2.3.7	Anthocyanin Content
	Anthocyanin content in sweet basil leaves was estimated following the method of Stanciu et al. (2009). Leaf tissue (0.1–0.5 g) was extracted with an ethanol:HCl (85:15) solution and kept overnight at room temperature. The extract was filtered, diluted, and incubated in the dark for 2–3 hours. Absorbance was recorded at 535 nm using a spectrophotometer. Anthocyanin content was calculated using the formula;
Total anthocyanin content (mg 100 g-1) =

2.3.8 	Free Amino Acids
	Free amino acid content was estimated using the ninhydrin-based colorimetric method described by Toghrol and Daneshpejouh (1974). Fresh leaf tissue (100–200 mg) was extracted with 80% ethanol, centrifuged, and the volume adjusted to 25 ml. For the assay, 1 ml of extract was mixed with 1 ml distilled water and 5 ml ninhydrin reagent, then heated in a boiling water bath for 12–15 minutes. After cooling, absorbance was measured at 570 nm. Glycine was used as the standard.
Free amino acid (%) = Graph factor  10-4
2.3.9	Total Carotenoids
	Total carotenoid content was estimated following the method of Mahadevan and Shridhar (1981) with slight modifications. Fresh sweet basil leaves (0.1 g) were extracted 4–5 times using a petroleum ether:acetone (1:1 v/v) mixture until colourless, aided by adsorbents like magnesium oxide and hyflo-supercel. The pooled extract was concentrated and the absorbance measured at 450 nm using a UV-Visible spectrophotometer against a petroleum ether blank.
Total carotenoid (mg 100 g-1) = 
2.3.10	Total Flavonoid Content
	Total flavonoid content in sweet basil leaves was estimated using the method of Sorease (2015). Leaf tissue (0.5 g) was extracted in 80% methanol, centrifuged, and 0.2 ml of the supernatant was diluted with distilled water. After sequential addition of 5% NaNO₂, 10% AlCl₃, and 1 M NaOH, the absorbance was recorded at 510 nm. Quercetin was used as the standard for calibration.
Total flavonoid (mg 100 g-1) = 
2.3.11	Qualitative Phytochemical Screening
	Methanol extracts of fresh sweet basil leaves were screened for alkaloids (Mayer’s and Wagner’s tests), flavonoids, tannins, saponins, steroids, glycosides, and terpenoids using standard procedures (Fadil et al., 2007; Panchal and Parvez, 2019).
2.4 	Statistical Analysis
	The experimental data were statistically analysed using two-way analysis of variance (ANOVA) under a RBD to evaluate the effects of treatments and growth stages. Data analysis was conducted by the Department of Statistics, AAU, Anand. Treatment means were compared to determine the significance of differences at the 5% probability level (p < 0.05). All assumptions of ANOVA, including homogeneity of variances and normality of residuals, were ensured prior to interpretation.
3. 	RESULTS AND DISCUSSION
3.1 	Moisture content
	Moisture content in sweet basil leaves showed a consistent decline with plant maturity and increasing concentrations of JA. At 35 DAS, the highest moisture was recorded in the control (92.86%), while JA treatments significantly reduced moisture, with JA3 showing the lowest value (80.88%). This trend continued at 50 DAS and 65 DAS, where moisture content decreased across all treatments, reaching a minimum of 68.85% in JA3 at 65 DAS. 
	The observed reduction in moisture at early stages under JA treatments is likely due to JA-induced partial stomatal closure, which limits transpiration and water retention (Wasternack & Hause, 2013; Chaves et al., 2009). By 50 DAS, JA may have further induced osmotic adjustment and secondary metabolite accumulation, both contributing to reduced tissue hydration (Wasternack & Song, 2017). At 65 DAS, advanced plant aging and lignification naturally decreased moisture, while higher JA concentrations likely enhanced stress signalling and accelerated senescence through interaction with abscisic acid (Lorenzo et al., 2004; Leon-Reyes et al., 2009). Moreover, JA has been shown to promote cuticle thickening and restrict water uptake by altering root functions, which may have further contributed to the moisture decline (Wasternack & Hause, 2013). Notably, reduced moisture levels may be beneficial for post-harvest stability by limiting microbial growth and concentrating bioactive compounds (Valero & Serrano, 2010).
3.2 	Total phenol content 
	Total phenol content in sweet basil leaves increased significantly with JA application in a dose-dependent manner. At 35 DAS, JA 3 showed nearly double the phenol content of the control. The highest values were recorded at 50 DAS, especially in JA 3, followed by JA 2 and JA 1. By 65 DAS, phenol levels declined slightly, but JA-treated plants still maintained higher content than the control, consistently following the order JA 3 > JA 2 > JA 1 > Control.
	JA significantly enhanced total phenol content in sweet basil, with the highest accumulation at 50 DAS under JA 3, due to activation of the phenylpropanoid pathway via enzymes like PAL (Dong & Lin, 2021). This aligns with peak vegetative growth and increased secondary metabolism (Zlotek et al., 2016). Although phenol levels declined at 65 DAS, JA-treated plants retained higher levels than the control (Scagel & Lee, 2012). The dose-dependent increase highlights JA’s role in defence activation, antioxidant build-up, and stress adaptation (Kim et al., 2006; Pirbalouti et al., 2017).
     
Figure 1: Effect of different concentration of JA on moisture and total phenol content of sweet basil at different growth stages 
3.3 	Total Antioxidant content
	Total antioxidant content in sweet basil increased significantly under JA treatments across all growth stages. At 35 DAS, JA 3 and JA 2 showed the highest antioxidant levels, both notably higher than the control. The peak occurred at 50 DAS, with JA 2 recording the maximum content, followed closely by JA 3 and JA 1. Although levels declined by 65 DAS, JA-treated plants still maintained higher antioxidant content than the control, with JA 2 consistently performing best.
	JA enhanced antioxidant activity in sweet basil at all growth stages, with JA 2 showing the highest effectiveness, especially at 50 DAS. This peak is linked to increased activity of antioxidant enzymes and secondary metabolites (Wasternack & Song, 2017; Scagel & Lee, 2012). Although JA 3 induced more metabolite build up, its antioxidant effect was lower, likely due to redox imbalance or enzyme inhibition (Salimi et al., 2016; Sirhindi et al., 2016). Declines at 65 DAS were attributed to senescence, yet JA treatments maintained higher activity overall. JA 2 emerged as the optimal dose for balancing accumulation and functionality.
3.4 	Ascorbic acid
	Ascorbic acid content in sweet basil leaves increased significantly with JA treatment across all growth stages. JA 3 consistently showed the highest values, peaking at 50 DAS (69.00 mg 100 g⁻¹), followed by JA 2 and JA 1. Although levels slightly declined at 65 DAS, all JA treatments maintained significantly higher ascorbic acid than the control throughout the growth period.
	Ascorbic acid content in sweet basil increased in a dose- and stage-dependent manner under JA treatment, with JA 3 consistently inducing the highest levels. This enhancement is attributed to JA-mediated activation of the L-galactose pathway and ROS-scavenging genes (Wang et al., 2013; Qiu et al., 2014). The peak at 50 DAS aligns with heightened metabolic activity, while the slight decline at 65 DAS may result from senescence and hormonal interactions. Interestingly, despite high ascorbate levels under JA 3, antioxidant activity was lower, suggesting possible redox feedback or bioactivity loss (Sirhindi et al., 2016).
       
Figure 2: Effect of different concentration of JA on antioxidant and ascorbic acid content of sweet basil at different growth stages 
3.5 	Chlorophyll content
	Chlorophyll content in sweet basil leaves increased significantly with JA treatment at all growth stages. JA 3 consistently showed the highest levels, peaking at 50 DAS (3.74 mg g⁻¹), followed by JA 2 and JA 1. Although, chlorophyll content reduced at 65 DAS due to plant aging.
	JA significantly enhanced chlorophyll content in sweet basil in a dose- and stage-dependent manner. JA 3 consistently showed the highest values, especially at 50 DAS, aligning with peak vegetative growth and improved chloroplast activity. This effect is attributed to JA’s role in delaying senescence, boosting antioxidant defence, and stabilizing chloroplast structures (Wang et al., 2013; Per et al., 2016). Even at 65 DAS, JA-treated plants maintained higher chlorophyll than controls, likely due to reduced degradation and better membrane protection (Bajguz & Hayat, 2009; Danish et al., 2024).
3.6 	Total Alkaloid content
	JA treatments significantly enhanced total alkaloid content in sweet basil leaves at all growth stages. JA 3 consistently led to the highest alkaloid accumulation, followed by JA 2 and JA 1, with all treatments outperforming the control. Peak levels were observed at 50 DAS, while elevated alkaloid content was maintained through 65 DAS.
	JA significantly boosted alkaloid content in sweet basil in a dose-dependent manner, with JA 3 being most effective-especially at 50 DAS, the likely optimal stage for accumulation. This is attributed to JA’s activation of secondary metabolism via transcription factors (MYC2) and enzymes (TDC and STR) (Wasternack & Hause, 2013; Goossens et al., 2017). Similar responses have been reported in other medicinal plants, and JA’s interaction with other hormones may further enhance alkaloid biosynthesis (Erb & Reymond, 2019), supporting its role as a potent elicitor of plant secondary metabolites (Bari & Jones, 2009).
     
Figure 3: Effect of different concentration of JA on chlorophyll and alkaloid content of sweet basil at different growth stages 
3.7 	Anthocyanin content
	JA significantly enhanced anthocyanin content in sweet basil leaves across all growth stages, with JA 3 consistently yielding the highest levels. Anthocyanin accumulation peaked at 50 DAS, particularly under JA 3 (9.84 mg 100 g-1), followed by a slight decline at 65 DAS. The overall trend showed a dose- and stage-dependent increase, highlighting JA’s strong influence on anthocyanin biosynthesis.
	JA significantly enhanced anthocyanin accumulation in sweet basil, especially under JA3 at 50 DAS. This peak is linked to JA’s stimulation of key transcription factors (MYB, bHLH, WRKY) and structural genes involved in flavonoid biosynthesis (Kim et al., 2006; De Geyter et al., 2012). JA’s interaction with developmental and light-regulated pathways (Zhang et al., 2013) likely contributed to the observed pattern. Additionally, studies by Deluc et al. (2006), Guo et al. (2023), and Sultana et al. (2023) support JA’s broader role in enhancing pigment biosynthesis and stress resilience, while Cisneros-Zevallos (2003) highlighted its contribution to antioxidant potential.
3.8 	Free Amino Acid
	JA significantly increased free amino acid content in sweet basil leaves at all growth stages, with JA 3 showing the highest levels throughout. The maximum accumulation (0.202%) was observed at 50 DAS under JA 3, indicating this stage as the most responsive. JA 2 and JA 1 also enhanced amino acid levels compared to the control, though to a lesser extent. Overall, both JA concentration and plant maturity influenced amino acid accumulation, with JA 3 at 50 DAS proving most effective.
	JA treatment significantly increased free amino acid content in sweet basil leaves in a concentration- and stage-dependent manner. JA 3 consistently showed the highest levels, with a peak at 50 DAS, indicating enhanced nitrogen metabolism and stress response during active growth. This aligns with reports that JA promotes amino acid biosynthesis and mobilization for defence (Chen et al., 2022; Wasternack & Hause, 2013). The decline at 65 DAS reflects nutrient redistribution and reduced metabolic activity in mature tissues (Hildebrandt et al., 2015; Araujo et al., 2011).
    
Figure 4: Effect of different concentration of JA on anthocyanin and free amino acid content of sweet basil at different growth stages 
3.9 	Total Carotenoid
	JA treatments significantly enhanced carotenoid content in sweet basil leaves across all stages, with JA 3 showing the highest levels throughout. At 35 DAS, carotenoids increased with JA concentration, peaking at 69.69 mg/100 g under JA 3. The highest accumulation occurred at 50 DAS under JA 3 (101.79 mg/100 g), indicating this stage as the most responsive. Even at 65 DAS, JA 3 maintained superior carotenoid levels. Overall, carotenoid content followed the trend: JA 3 > JA 2 > JA 1 > Control, with peak accumulation at mid-growth.
	JA enhanced carotenoid accumulation in sweet basil by upregulating key biosynthetic genes like phytoene synthase and lycopene β-cyclase (Lu & Li, 2008), especially at 50 DAS, when photo protective demands are highest. The parallel rise in chlorophyll and carotenoids aligns with their shared isoprenoid pathway and roles in photosynthesis (Rodriguez-Concepcion, 2010). JA-induced oxidative stress likely triggered antioxidant pigment accumulation (Wasternack & Hause, 2013; Sharma et al., 2018). The slight decline at 65 DAS reflects natural senescence and pigment breakdown (Toledo-Ortiz et al., 2010), but JA treatments still maintained higher levels, confirming JA’s role in pigment biosynthesis and stress tolerance.
3.10 	Total Flavonoid content
	JA treatments significantly increased total flavonoid content in sweet basil leaves across all growth stages. JA 3 consistently showed the highest flavonoid levels, followed by JA 2 and JA 1, all significantly higher than the control. The peak accumulation occurred at 50 DAS, with JA 3 reaching 104.00 mg/100 g. Although flavonoid content slightly declined at 65 DAS, the overall trend of JA 3 > JA 2 > JA 1 > Control remained consistent throughout.
	JA enhanced flavonoid content in sweet basil by activating key biosynthetic genes (CHS, CHI, FLS) and related transcription factors (MYB, bHLH), boosting antioxidant defenses (Zhang et al., 2013; Wasternack & Hause, 2013). The highest flavonoid levels at 50 DAS reflect optimal biosynthesis conditions due to mature leaves and precursor availability (Ghasemzadeh & Ghasemzadeh, 2011). Although levels declined at 65 DAS, they remained above control, likely due to resource shifts during flowering (Tattini et al., 2004). JA 3 consistently showed the strongest effect, supporting a dose-dependent response, similar to findings by Zlotek et al. (2016) and Kim et al. (2006).
   
Figure 5: Effect of different concentration of JA on total carotenoid and flavonoids content of sweet basil at different growth stages 
3.11	Qualitative test of phytochemicals
	A qualitative analysis of sweet basil leaves revealed that all major phytochemical groups—alkaloids, flavonoids, tannins, terpenoids, steroids, and glycosides—were consistently present across all JA treatments and growth stages, while saponins were absent throughout. This suggests these secondary metabolites are constitutively present in sweet basil, regardless of jasmonic acid application or plant maturity. While JA may influence their concentration, their presence appears unaffected, indicating the need for quantitative analysis to assess treatment effects more precisely.
[bookmark: _GoBack]Table 1: Qualitative analysis of phytochemical of sweet basil at all growth stages and treatments
	Phytochemical
	Test Name
	Control
	JA 1
	JA 2
	JA 3

	Alkaloids
	Mayer’s/Wagner’s
	Present
	Present
	Present
	Present

	Flavonoids
	Yellow color test
	Present
	Present
	Present
	Present

	Tannins
	Ferric chloride
	Present
	Present
	Present
	Present

	Saponins
	Foam test
	Absent
	Absent
	Absent
	Absent

	Steroids
	Salkowski test
	Present
	Present
	Present
	Present

	Glycosides
	Keller–Killani test
	Present
	Present
	Present
	Present

	Terpenoids
	Salkowski test
	Present
	Present
	Present
	Present


	Alkaloids, flavonoids, tannins, terpenoids, steroids, and glycosides were consistently detected in leaves across all treatments and growth stages, indicating their constitutive presence. Flavonoids and tannins play antioxidant and antimicrobial roles (Nadeem et al., 2022), while terpenoids and steroids support defence functions (Javanmardi et al., 2002). Saponins were absent, possibly due to genotypic traits or methanol extraction inefficiency (Sankhalkar & Vernekar, 2016). Although JA is a known metabolic elicitor, it induced no qualitative changes, suggesting a quantitative effect, as reported by Khataee et al. (2019).
CONCLUSION
	Harnessing the power of plant signalling pathways, this study demonstrates that JA acts as a dynamic bio-elicitor capable of reprogramming the phytochemical landscape of sweet basil across its developmental continuum. Among the tested concentrations, 0.9 mM JA (JA 3) emerged as the most effective in stimulating a robust accumulation of key secondary metabolites—including phenolics, flavonoids, alkaloids, anthocyanins, carotenoids, and ascorbic acid—with peak enhancement observed at 50 DAS. This phytochemical surge was paralleled by a significant increase in antioxidant capacity and pigment integrity, reflecting the intricate regulatory influence of JA on the phenylpropanoid and isoprenoid pathways. Although the qualitative presence of major phytochemicals remained unchanged, their quantitative elevation underscores JA’s potential to modulate biosynthetic intensity without altering core metabolic signatures. Altogether, these findings position JA as a strategic agronomic tool—offering a sustainable, non-genetic means to elevate the nutraceutical and commercial value of basil under modern cultivation systems. This study holds great significance for the agricultural sector, contributing to sustainable growth by improving crop quality, enhancing nutritional content, and supporting modern agricultural practices. Its findings offer valuable insights for advancing sustainable agriculture.
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35 DAS	Control	JA 1	JA 2	JA 3	0.92	1.27	1.31	1.42	50 DAS	Control	JA 1	JA 2	JA 3	1.41	2.4700000000000002	3.04	2.82	65 DAS	Control	JA 1	JA 2	JA 3	1.2	1.69	2.09	1.81	JA Treatments
Antioxidant %

35 DAS	Control	JA 1	JA 2	JA 3	27.44	39.5	44.32	46.98	50 DAS	Control	JA 1	JA 2	JA 3	36.86	53.11	60.21	69	65 DAS	Control	JA 1	JA 2	JA 3	29.65	42.93	46	52.59	JATreatments
Ascorbic acid mg 100 g-1

35 DAS	Control	JA 1	JA 2	JA 3	1.0900000000000001	1.17	1.61	2.08	50 DAS	Control	JA 1	JA 2	JA 3	2.06	2.4300000000000002	3.3	3.74	65 DAS	Control	JA 1	JA 2	JA 3	1.03	1.69	1.81	2.1	JA Treatments
Chlorophyll mg g-1

35 DAS	Control	JA 1	JA 2	JA 3	12.95	15.02	18.510000000000002	21.75	50 DAS	Control	JA 1	JA 2	JA 3	18.43	22.74	25.98	27.56	65 DAS	Control	JA 1	JA 2	JA 3	17.88	20.2	23.85	27.16	JA Treatments
Alkaloid mg 100 g-1

35 DAS	Control	JA 1	JA 2	JA 3	2.5	3.16	3.48	3.86	50 DAS	Control	JA 1	JA 2	JA 3	5.01	7.28	8.01	9.84	65 DAS	Control	JA 1	JA 2	JA 3	4.88	6.1	7.02	7.32	JA Treatments

Anthocyanin mg 100 g-1
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Free amino acid %

35 DAS	Control	JA 1	JA 2	JA 3	35.99	52.06	60.54	69.69	50 DAS	Control	JA 1	JA 2	JA 3	64.89	79.17	90.97	101.79	65 DAS	Control	JA 1	JA 2	JA 3	48.61	58.91	65.77	80.209999999999994	JA Treatments
Total carotenoid mg 100 g-1

35 DAS	Control	JA 1	JA 2	JA 3	24.34	37.42	45.54	59.53	50 DAS	Control	JA 1	JA 2	JA 3	50.42	82.63	94.39	104	65 DAS	Control	JA 1	JA 2	JA 3	43.88	62.02	77	95.39	JA Treatments

Flavonoids g 100 g-1



35 DAS	JA 1	JA 2	JA 3	Control	87.25	85.37	80.88	92.86	50 DAS	JA 1	JA 2	JA 3	Control	81.94	74.459999999999994	76.900000000000006	85.36	65 DAS	JA 1	JA 2	JA 3	Control	74.459999999999994	72.180000000000007	68.849999999999994	79.12	JA treatments
Moisture %
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Total Phrnol mg 100 g-1
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