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Encapsulation of Tinospora cordifolia for Sustainable Germplasm Conservation and In Vitro Propagation


ABSTRACT 
Tinospora cordifolia (commonly known as giloy) is highly valued in traditional Ayurvedic medicine for their therapeutic properties. Giloy is known to enhance immunity, reduce inflammation, and support liver health. However, giloy is threatened by overharvesting and environmental factors, making it crucial to explore sustainable cultivation and conservation strategies. This study examined the application of encapsulation techniques for the controlled micropropagation and preservation of Tinospora cordifolia germplasm. The effects of different calcium chloride concentrations (50 mM, 75 mM, and 100 mM), sodium alginate concentrations (1%, 2%, 3%, and 4%), and storage temperatures (25°C and 4°C) on viability of nodes and growth were evaluated over 0, 7, 14, and 21 days. 
Preliminary results indicated that a combination of 75 mM calcium chloride, 3% sodium alginate, and storage at 4°C resulted in the best encapsulation and growth outcomes with a regeneration frequency of 90 %. These findings highlight the potential of encapsulation for the genetic preservation, stress resistance, and sustainable cultivation of medicinal plants, addressing broader concerns such as biodiversity loss and climate change. 
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INTRODUCTION 
Tinospora cordifolia (commonly known as Giloy) hold significant importance in Ayurvedic medicine, being widely recognized for their diverse therapeutic benefits [1]. Tinospora cordifolia is particularly valued for its role in boosting the immune system, alleviating inflammation, and acting as a potent antioxidant [2, 16]. These properties make it an effective remedy for managing conditions, such as diabetes, immune disorders, and inflammatory diseases [17]. Its bioactive components, including alkaloids, glycosides, flavonoids, and terpenoids, contribute to its medicinal versatility and are continually being investigated for novel therapeutic applications [3,4]. 
Despite its therapeutic value, this plant faces threats owing to deforestation, habitat destruction, and overharvesting, leading to the depletion of its natural population [18]. The
increasing demand for this species in the pharmaceutical and wellness industries further exacerbates pressure on its cultivation [5]. To address these challenges, innovative conservation strategies are essential for safeguarding genetic diversity and ensuring sustainable utilization [6]. Biotechnological advancements such as encapsulation offer promising methods for conserving endangered medicinal plants [7,8]. Encapsulation involves embedding plant tissues in a biocompatible gel-like material, which not only protects the samples but also facilitates their handling, storage, and regeneration under laboratory conditions [8,9]. 
This study focuses on refining encapsulation protocols for the conservation of Tinospora cordifolia by optimizing these methods, this study aimed to enhance the propagation, genetic preservation, and its sustainable utilization of this plant in traditional medicine, modern pharmacology, and agricultural practices. Additionally, this study underscores the critical need to integrate cutting-edge technologies with conservation efforts to mitigate the impact of environmental degradation and ensure the long-term availability of these valuable medicinal resources. 
Material and Method 
This research aimed to investigate the effects of encapsulation on the preservation and germination of Tinospora cordifolia. To achieve this, a series of steps were carried out to prepare and assess the nodes of the plant under controlled conditions. 
Plant Material and Sterilization 
Fresh nodes of Tinospora cordifolia were obtained for this study. The nodes were initially sterilized to eliminate any surface contaminants. A 0.1% mercuric chloride solution was used for sterilization, with the nodes being immersed in this solution for 10 minutes. After sterilization, the nodes were thoroughly rinsed in sterile distilled water multiple times to remove any residual sterilizing agent, ensuring that they were clean and suitable for further processing [9,10]. 
Encapsulation Process 
For the encapsulation of nodes, sodium alginate solutions at varying concentrations of 1%, 2%, 3%, and 4% were prepared. To ensure the complete dissolution of sodium alginate, each solution was heated to 50°C. After preparing the alginate solution, the sterilized nodes were carefully mixed with the solution. The resulting node-alginate mixture was then dropped into sterile calcium chloride solutions at concentrations of 50 mM, 75 mM, and 100 mM. This process allowed the formation of beads around the nodes through cross-linking with calcium
ions. The beads were then left to set for 20 minutes in the calcium chloride solution. After setting, the beads were rinsed in sterile distilled water and air-dried to prepare them for further storage and testing [11,12].
Storage and Viability Assessment 
Post-treatment, the encapsulated nodes were stored under two different temperature conditions: 25°C (ambient room temperature) and 4°C (refrigerated conditions) to simulate different storage environments. The viability of the nodes was monitored at four intervals: 0, 7, 14, and 21 days.[13] Parameters such as node germination rate, root and shoot growth, and overall seedling health were observed and recorded to evaluate the effectiveness of the encapsulation. 
Data Analysis 
The data collected from the node viability and growth measurements were subjected to statistical analysis using one-way analysis of variance (ANOVA). This analysis was conducted to assess the effects of various treatments (sodium alginate concentration, calcium chloride concentration, and storage temperature) on the germination rates and growth of the nodes. A significance level of p < 0.05 was used to determine statistically significant differences between treatments. 
RESULTS 
The encapsulation of Tinospora cordifolia was effectively accomplished using a 3% sodium alginate solution, leading to the formation of stable, well-structured beads. These beads remained intact and viable during the entire storage period, indicating that the encapsulation technique is suitable for the long-term preservation and propagation of Tinospora cordifolia. 
When the encapsulated material was cultured on MS medium, Tinospora cordifolia showed rapid growth and effective regeneration. The plant exhibited robust development, demonstrating the success of the encapsulation method in promoting healthy growth. This suggests that the encapsulated beads are not only viable but also capable of supporting rapid regeneration under in vitro conditions.
The consistency of the beads' stability throughout storage, combined with the positive regeneration response, confirms the efficiency of encapsulation as a propagation technique for Tinospora cordifolia. These results suggest that encapsulation could serve as a reliable method for both short- and long-term storage, as well as mass propagation of this species. 

Table 1. Effect of sodium alginate concentrations on morphology of encapsulated shoot tip

	Different concentrations of sodium-
alginate (%) alongwith 100mM calcium chloride
	Texture
	Morphology of encapsulated nodes

	1
	++
	Inefficient encapsulation

	2
	++
	Cluster formation, soft for handling

	3
	++++
	Uniform size encapsulation

	4
	+++
	Firm and rigid encapsulation


++, Poor quality; ++++, Best quality; +++, Good but very hard
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Fig. 1. Effect of sodium alginate concentrations on morphology of encapsulated shoot tip.

A. Encapsulated nodes using 1% concentration of sodium alginate.
B. Encapsulated nodes using 2% concentration of sodium alginate.
C. Encapsulated nodes using 3% concentration of sodium alginate.
D. Encapsulated nodes using 4% concentration of sodium alginate.

	Table 2. Effect of different concentrations (1-4%) of sodium alginate on percent multiplication frequency of encapsulated nodes, stored at two different temperatures (4°C and 25°C) for the period of 15 days

	Combinations of different concentrations of
sodium alginate (%) (w/v) with 100mM calcium chloride
	Mean % frequency of
multiplication of artificial seeds stored at 4°C, 15 days
	Mean % frequency of
multiplication of artificialseeds stored at 25°C, 15 days

	1
	45.33 bc
	38.50 ab

	2
	58.60 b
	48.33 a

	3
	90.00 a
	58.65 a

	4
	36 c
	15.60 b


Data were analyzed by ANOVA and means were compared with DMRT (Duncan's Multiple Range test). Values followed by the same lower-case letter are non-significant at P<0.05
Table 3. Effect of various concentrations of calcium chloride on percentage multiplication frequency of encapsulated nodes stored at two different temperatures (4°C and 25°C) for a period of 15 days	
	Combinations of different concentrations of calcium chloride (mM) with 3% (w/v) sodium alginate
	Mean % frequency of multiplication of artificial seeds stored at 4°C, 15 days
	Mean % frequency of multiplication of artificial seeds stored at 25°C, 15 days

	50
	38 bc
	30.33 bc

	75
	50.33 b
	40.66 b

	100
	90.33 a
	65.66 a

	125
	23.66 c
	15 c


Data were analyzed by ANOVA and means were compared with DMRT. Values followed by the same lower-case letter are non- significant at P<0.05Table 5. Influence of storage days and storage temperature on percentage multiplication frequency of encapsulated nodes.

Data were analysed by ANOVA and means were compared with DMRT. Values followed by same lower-case.

	Storage duration (in Days)
	Multiplication frequency of
encapsulated nodes stored at 4°C storage.
	Multiplication frequency of
encapsulated nodes stored at 25°C storage.

	15
	91.33 a
	86.66 a

	30
	62.66 b
	60 .1b

	45
	51.33 bc
	41.66 bc

	60
	40 cd
	31.33 cd

	75
	22.66 de
	20 de


Table 4. Influence of storage days and storage temperature on percentage multiplication frequency of encapsulated nodes.
Data were analysed by ANOVA and means were compared with DMRT. Values followed by same lower-case letter are non- significant at P<0.05





Conclusion
The encapsulation technique has shown significant promise for short-term storage and the conservation of germplasm in medicinal plants. The successful preservation of plant material in encapsulated form supports its potential for maintaining plant viability and regeneration over extended periods. Further optimization of this method could improve its effectiveness across a wider variety of species, making it a valuable tool in both plant conservation and biotechnological applications. 
In vitro culture remains an essential approach for producing high-quality planting materials, enhancing the production of secondary metabolites, and preserving the genetic diversity of medicinal plants, especially those that are rare or endangered. Despite its broad application, there is still a need for the development of standardized protocols for different medicinal species, requiring ongoing research to improve techniques. 
Encapsulation provides an efficient means for storing plant genetic material, particularly in the short term, and offers a reliable method for conserving germplasm. By maintaining the integrity and viability of plant material, encapsulation contributes to the sustainability of medicinal plant resources for future cultivation and study.
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