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	By
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	The medicinal industry today shows a paradigm shift from synthetic drugs to natural products from plants. Production of secondary metabolites through conventional means may not be sufficient to meet the increasing demand. Hence, biotechnological approach can be an alternative method to enhance the production of secondary metabolite. This thesis provides comparison between safed musli grown in the field, artificially mature tubers and hairy roots (in-vitro) in terms of production of secondary metabolites. It was identified that safed musli undergoes five distinct phases during its life cycle namely emergence, vegetative, reproductive, senescence and maturation. The growth peaked was identified during the reproductive phase where the inflorescence part was initiated and having the highest total leaf area (842 cm2), leaf area index (0.91) and fibrous root length (3712.1 cm). It was also found that different compounds showed high accumulation at different period. Compounds such as phenolic, saponins and antioxidant reached maximum accumulation on the ninth, eighth, seventh months after planting which were 8.41 mg GAE/g, 10.72% and 54.27 DPPH %, respectively. In the case of flavonoid and carotenoid, both reached maximum accumulation on the sixth month after planting (0.261% and 0.45 mg/100g, respectively). Apart from this, tubers were removed at fifth month after planting and allowed to mature artificially in perlite with different moisture (20, 40 and 60%) in either fully dark or 12 hours of light. Premature tuber stored under fully dark condition with 60% moisture content had the highest percentage of matured tubers (93.8%) with the amount of saponins was slightly lower (11.64%) than tubers matured in the field (11.87%). As both the above mentioned process required nine months before substantial amount of saponins is detected, production of saponins through induction of hairy roots was attempted. Five strains of Agrobacterium rhizogenes were used to induce hairy roots in safed musli. However, only three strains (MAFF10690, MAFF 106591 and MAFF 720002) resulting in successful hairy roots induction, with MAFF 720002 showing the highest relative frequency (0.67 RF). Therefore, it was utilized for further optimization. Media optimization for proliferation of hairy root with NAA and IBA found that the combination of 0.6 mg/L NAA and 0.8 mg/L IAA was suitable for proliferation of hairy roots as it resulted in the highest percentage of branching (100%), fastest days to branch (12.3 days), highest number of branch (25.2 branches) and length per root (16.23 cm). It was also found that a minimum of 35 days of incubation in the dark in 3% sucrose was necessary in preventing greening and blackening. In order to enhance the production of secondary metabolites in hairy roots, elicitation was carried out with CaCl2 (1664.7, 3329.4 and 4994.1 mg/L), NaCl (1000, 3000 and 5000 mg/L) and chitosan (75, 150 and 225 mg/L) at different concentration each. Those elicited with 150 mg/L chitosan showed significantly higher accumulation of secondary metabolites compared to all treatments, especially in saponins which was 26.77%, compared to control (13.64%). Overall, high production of secondary metabolites was achieved in hairy root compared to tubers planted in the field. The production of hairy roots in safed musli has to be upscaled for efficient commercialized exploitation as it is more beneficial in terms of production of secondary metabolites and saving times. 
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