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Original Research Article

Phytochemical Variability in the leaves of Advanced Breeding Lines of Jasminum sambac: Implications for Breeding and Industrial Applications

Abstract

This study investigates the phytochemical composition of leaves from 30 advanced breeding lines of Jasminum sambac (Mysuru mallige), focusing on phenolic compounds, flavonoids, tannins and terpenoids. Significant variability was observed across the genotypes, with phenolic content ranging from 174.98 to 260.83 mg/100 g, flavonoids from 73.21 to 117.08 mg/100 g, tannins from 22.92 to 47.81 mg/100 g and terpenoids from 18.27 to 27.95 mg/100 g. Genotypes COHM-UHSB-14, COHM-UHSB-30, COHM-UHSB-8 and COHM-UHSB-1 exhibited the highest levels of phenols, flavonoids, tannins and terpenoids, respectively. These findings highlight the genetic diversity among advanced breeding lines and their potential for targeted breeding programs to enhance antioxidant, antimicrobial and fragrance properties for pharmaceutical, nutraceutical and industrial applications. The variability underscores the importance of genotype selection in optimizing phytochemical profiles for specific industrial uses.

Introduction

Jasminum sambac (L.) Aiton, commonly known as jasmine or Mysuru mallige in India, is a commercially significant ornamental plant valued for its fragrant flowers and bioactive compounds in its leaves. The leaves of J. sambac are rich in secondary metabolites, including phenolic compounds, flavonoids, tannins and terpenoids, which contribute to its antioxidant, antimicrobial and anti-inflammatory properties (Balasundram et al., 2006; Heim et al., 2002). These phytochemicals have attracted attention for their potential in pharmaceutical, nutraceutical and cosmetic industries. Phenolic compounds and flavonoids are known for their antioxidant and free radical-scavenging activities, which are crucial for combating oxidative stress-related disorders (Ullah et al., 2020). Tannins exhibit antimicrobial and astringent properties, making them suitable for food preservation and pharmaceutical formulations (Cosme et al., 2025). Terpenoids, particularly monoterpenes like linalool, are responsible for the characteristic fragrance of jasmine and play a role in ecological interactions, such as pollinator attraction (Dudareva et al., 2013).

The genetic diversity among J. sambac genotypes offers an opportunity to develop advanced breeding lines with enhanced phytochemical profiles tailored for specific applications. While the flowers of J. sambac are extensively studied for their essential oils, the leaves remain underexplored despite their rich bioactive content (Yu et al., 2017). Understanding the variability in phytochemical composition among advanced breeding lines can guide breeding programs to select superior genotypes for improved yield, quality and industrial utility. This study aims to quantify the phenolic compounds, flavonoids, tannins and terpenoids in the leaves of 30 ABLs of J. sambac and identify genotypes with superior phytochemical profiles for targeted breeding and industrial applications.

Materials and Methods

Plant Material

Leaves from 30 advanced breeding lines of Jasminum sambac (Mysuru mallige), designated COHM-UHSB-1 to COHM-UHSB-30, were collected from a controlled breeding trial conducted at the College of Horticultural Sciences, Mysuru, Karnataka, India. The trial was established in a randomized complete block design (RCBD) with three replications per genotype. Leaves were harvested from healthy, mature plants during the peak vegetative growth phase (June–July 2024) to ensure consistency in phytochemical content. Fresh leaves were immediately processed for phytochemical analysis to minimize degradation of bioactive compounds.

Phytochemical Quantification

Total Phenolic Content

Total phenol content was determined using Folin-Ciocalteu’s reagent, as described by Singleton and Rossi (1965). A 0.5 g leaf sample was homogenized in 80 per cent methanol. From leaf extract, 0.5 ml was mixed with 0.2 ml of Folin-Ciocalteu’s reagent. After 2 minutes, 3.3 ml of distilled water was added, followed by 1 ml of 20 per cent aqueous Na2CO3. The mixture was allowed to stand for 30 minutes and the total phenol content was measured at 650 nm using a spectrophotometer
. A standard curve was prepared using gallic acid in methanol, with concentrations ranging from 10 µg to 50 µg
. OD values were converted to mg by using the standard graph. The values were expressed on a fresh weight basis (FW).

Flavonoid Content

A 0.5 g leaf sample was homogenized with 10 ml of 80 per cent methanol in a pestle and mortar for 2–3 repetitions. The extract was pooled and the volume was adjusted to 25 ml. From this extract, 1.0 ml was taken and 0.3 ml of 5 per cent NaNO2 was added. After 2 minutes, 0.3 ml of 10 per cent AlCl3 was added and after another 2 minutes, 3.4 ml of 4N NaOH was incorporated. The mixture was allowed to stand at room temperature for 10 minutes. Absorbance was measured 
at 510 nm against a blank
. Quercetin was used as a standard, with concentrations ranging from 100 to 500 µg
, as described by Chun et al. (2003). The values were expressed on a fresh weight basis.

Tannin Content

Tannin was estimated by following the modified method of Broadhurst and Jones (1978) using Vanillin Hydrochloride method. To prepare Vanillin Hydrochloride Reagent, mix equal volumes of 8 per cent hydrochloric acid in methanol and 4 per cent vanillin (prepared in methanol) in a clean container just before use. The extract was prepared by using 0.5 g of leaf sample was homogenized in 10 ml methanol. After 20–28 hours, centrifuge and collect the supernatant. Pipette out 1 ml of extract and add 5 ml of vanillin hydrochloride reagent. The absorbance 
was measured at 500 nm after 20 min. The blank was prepared with vanillin hydrochloride reagent alone. Standard was estimated by using tannic acid, with the concentration of 10, 20, 30, 40, 50 µg/ml. OD values were converted to mg by using the standard graph. The values were expressed on the mg/100g fresh weight.
Terpenoid Content

One gram of leaf sample was homogenized with 3.5 ml ice-cold methanol, then centrifuged at 4000 rpm for 15 minutes at room temperature. The supernatant was transferred to fresh 2 ml tubes, where 1.5 ml chloroform, 200 µl of supernatant and 100 µl of concentrated sulfuric acid (H2SO4) were added. Tubes were incubated in the dark at room temperature for 1.5 to 2 hours, then the supernatant was carefully decanted. After adding 3 ml of 95 percent methanol, the tubes were vortexed to dissolve the precipitate. The ether extract 
was treated as total terpenoids, to read the absorbance at 538 nm. For the standard curve, 200 µl linalool solution was used, with a concentration of 1 mg/ml to 100 mg/ml. In the case of serial dilution total volume of 200 µl will be made up by addition of 95 per cent (v/v) Methanol (Ghorai et al., 2012).
Statistical Analysis
Data were subjected to one-way analysis of variance (ANOVA) using OPSTAT software (Sheoran et al., 1998). The critical difference (CD) at a 5% significance level and the standard error of the mean (S.Em) were calculated to identify significant differences among genotypes.

Results

Variability in Phytochemical Content

The phytochemical analysis revealed significant variability (p < 0.05) in the content of phenolic compounds, flavonoids, tannins and terpenoids across the 30 advanced breeding lines of J. sambac. The mean values were 208.89 mg/100 g for phenols, 90.26 mg/100 g for flavonoids, 35.78 mg/100 g for tannins and 23.02 mg/100 g for terpenoids (Table 1).
Phenolic Content

Phenolic content ranged from 174.98 mg/100 g in COHM-UHSB-15 to 260.83 mg/100 g in COHM-UHSB-14 (S.Em ± 3.88, CD = 11.22). Genotypes COHM-UHSB-14 and COHM-UHSB-4 (253.35 
mg/100 g) significantly outperformed the mean, indicating their potential for antioxidant-rich applications (Fig. 1). Other notable genotypes included COHM-UHSB-7 (248.12 mg/100 g) and COHM-UHSB-25 (245.89 mg/100 g).
Table 1. Mean Phytochemical Content Across 30 ABLs of Jasminum sambac
	Phytochemical
	Mean              (mg/100 g FW)
	Range
(mg/100 g FW)
	S.Em
	CD (5%)

	Phenols
	208.89
	174.98–260.83
	3.88
	11.22

	Flavonoids
	90.26
	73.21–117.08
	2.08
	6.08

	Tannins
	35.78
	22.92–47.81
	0.7
	2.01

	Terpenoids
	23.02
	18.27–27.95
	0.47
	1.36


Flavonoid Content

Flavonoid content varied from 73.21 mg/100 g in COHM-UHSB-12 to 117.08 mg/100 g in COHM-UHSB-30 (S.Em ± 2.08, CD = 6.08). Genotypes COHM-UHSB-30, COHM-UHSB-9 (111.26 mg/100 g), COHM-UHSB-5 (106.03 mg/100 g) and COHM-UHSB-24 (103.75 mg/100 g) exhibited significantly higher flavonoid levels than the mean, suggesting their suitability for nutraceutical development (Fig. 2).
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Fig. 1. Phenol content (mg/100 g FW) across different Jasminum sambac genotypes



Fig. 2. Flavonoid content (mg/100 g FW) across different Jasminum sambac genotypes

Fig. 3. Tannin content (mg/100 g FW) across different Jasminum sambac genotypes
Fig. 4. Terpenoid content (mg/100 g FW) across different Jasminum sambac genotypes
Tannin Content

Tannin content ranged from 22.92 mg/100 g in COHM-UHSB-30 to 47.81 mg/100 g in COHM-UHSB-8 (S.Em ± 0.70, CD = 2.01). Genotypes COHM-UHSB-8, COHM-UHSB-10 (47.57 mg/100 g) and COHM-UHSB-22 (47.68 mg/100 g) showed significantly higher tannin levels, indicating potential for antimicrobial and food preservation applications (Fig. 3).

Terpenoid Content

Terpenoid content ranged from 18.27 mg/100 g in COHM-UHSB-19 to 27.95 mg/100 g in COHM-UHSB-1 (S.Em ± 0.47, CD = 1.36). Genotypes COHM-UHSB-1, COHM-UHSB-6 (27.47 mg/100 g), COHM-UHSB-13 (27.08 mg/100 g) and COHM-UHSB-26 (27.51 mg/100 g) exhibited significantly higher terpenoid levels, highlighting their value for fragrance and essential oil production (Fig. 4).
Discussion

Genetic Diversity and Phytochemical Variability

The significant variability in phytochemical content among the 30 advanced breeding lines of J. sambac reflects the genetic diversity within the species, providing a valuable resource for breeding programs. Phenolic compounds, known for their antioxidant and plant defence properties (Balasundram et al., 2006), were highest in COHM-UHSB-14 (260.83 mg/100 g). This genotype’s high phenolic content aligns with reports in related species like Jasminum officinale (Thakur et al., 2024) and suggests its potential for pharmaceutical applications, such as the development of antioxidant supplements or topical formulations.
Flavonoids, which play a critical role in mitigating oxidative stress and inflammation (Heim et al., 2002; Ullah et al., 2020), were most abundant in COHM-UHSB-30 (117.08 mg/100 g). This finding is consistent with studies on J. sambac flowers, which also show high flavonoid content (Yu et al., 2017). Genotypes like COHM-UHSB-30 and COHM-UHSB-9 are ideal candidates for nutraceutical development, given their potential to combat chronic diseases associated with oxidative stress, such as cardiovascular disorders and diabetes (Liu et al., 2023).

Tannins, valued for their antimicrobial and astringent properties, were highest in COHM-UHSB-8 (47.81 mg/100 g). This aligns with findings in other plant species, such as sorghum, where tannins contribute to antimicrobial activity and food preservation (Kurniawan et al., 2024; Cosme et al., 2025). Genotypes with high tannin content could be explored for applications in natural food preservatives or antimicrobial agents for pharmaceutical use.

Terpenoids, the primary contributors to jasmine’s characteristic fragrance (Dudareva et al., 2013), were most abundant in COHM-UHSB-1 (27.95 mg/100 g). This genotype’s high terpenoid content suggests its suitability for fragrance-focused breeding and essential oil production. Terpenoids like linalool and α-farnesene are key to the volatile profile of J. sambac (Yu et al., 2017), making COHM-UHSB-1 a promising candidate for the perfume and aromatherapy industries.

Implications for Breeding Programs

The observed phytochemical variability offers significant opportunities for trait-specific breeding. Genotypes with high phenolic and flavonoid content, such as COHM-UHSB-14 and COHM-UHSB-30, are ideal for developing cultivars with enhanced health benefits. These genotypes could be prioritized for pharmaceutical and nutraceutical applications, where antioxidant and anti-inflammatory properties are in high demand (Ullah et al., 2020; Liu et al., 2024). Similarly, genotypes like COHM-UHSB-8, with elevated tannin levels, could be selected for antimicrobial applications, including natural preservatives for food and cosmetics (Cosme et al., 2025; Ciriminna et al., 2025).

For industrial fragrance production, genotypes like COHM-UHSB-1 and COHM-UHSB-6, with high terpenoid content, are prime candidates. The fragrance industry relies heavily on terpenoids for their volatile and aromatic properties (Dudareva et al., 2013; Manina et al., 2023). Breeding programs could focus on stabilizing these traits through hybridization or marker-assisted selection to ensure consistent phytochemical profiles across generations.

Statistical Robustness

The low standard error of the mean (S.Em) and significant critical difference (CD) values indicate the reliability and precision of the phytochemical quantification methods used in this study. The use of established protocols, such as the Folin-Ciocalteu method for phenols and the linalool-based method for terpenoids, ensures reproducibility and comparability with other studies (Singleton and Rossi, 1965; Ghorai et al., 2012). The application of ANOVA confirms the statistical significance of the observed differences among genotypes, providing a robust foundation for genotype selection.

Industrial Applications

The phytochemical profiles of the studied advanced breeding lines have diverse industrial applications. High phenolic and flavonoid content in genotypes like COHM-UHSB-14 and COHM-UHSB-30 can be leveraged for developing antioxidant-rich nutraceuticals, such as dietary supplements or functional foods (Liu et al., 2024). Tannin-rich genotypes like COHM-UHSB-8 are suitable for natural antimicrobial agents, which are increasingly sought after in the food and cosmetic industries due to consumer demand for natural preservatives (Cosme et al., 2025; Ciriminna et al., 2025). Terpenoid-rich genotypes like COHM-UHSB-1 can be utilized in the fragrance industry for essential oil production, supporting applications in perfumery, aromatherapy and cosmetics (Manina et al., 2023).

Future Research Directions

Future studies should focus on correlating phytochemical content with specific bioactivities, such as antioxidant capacity (e.g., DPPH or FRAP assays) and antimicrobial efficacy against common pathogens. Additionally, genetic characterization of the ABLs using molecular markers, such as SSRs or SNPs, could identify quantitative trait loci (QTLs) associated with high phytochemical content, facilitating marker-assisted breeding (Meena et al., 2023). Exploring the environmental influence on phytochemical variability, such as soil type, climate and cultivation practices, would further optimize the selection of superior genotypes. Finally, scaling up the extraction and purification of phytochemicals from selected genotypes could pave the way for commercial production of bioactive compounds.

Conclusion

The phytochemical analysis of 30 advanced breeding lines of Jasminum sambac revealed significant variability in phenolic (174.98–260.83 mg/100 g), flavonoid (73.21–117.08 mg/100 g), tannin (22.92–47.81 mg/100 g) and terpenoid (18.27–27.95 mg/100 g) content. Genotypes COHM-UHSB-14, COHM-UHSB-30, COHM-UHSB-8 and COHM-UHSB-1 excelled in phenolic, flavonoid, tannin and terpenoid accumulation, respectively. This genetic diversity provides a strong foundation for breeding programs aimed at enhancing antioxidant, antimicrobial and fragrance traits. The findings support the development of J. sambac cultivars tailored for pharmaceutical, nutraceutical and fragrance industries, contributing to the valorization of this underutilized plant resource.
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