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Abstract

Kangra green tea (Camellia sinensis (L.) O. Kuntze), cultivated in the mid-hill regions of Himachal Pradesh, is a distinctive Himalayan tea recognized for its superior phytochemical composition and therapeutic potential. The unique agro-climatic conditions of the Kangra Valley, including altitude, temperature variation, and soil characteristics, significantly influence the synthesis and accumulation of secondary metabolites that determine tea quality. Kangra green tea is particularly rich in polyphenols (30–40% of dry weight), especially catechins such as epigallocatechin gallate (EGCG), epigallocatechin (EGC), epicatechin gallate (ECG), and epicatechin (EC), with EGCG being the most potent antioxidant compound. These catechins exhibit strong free radical scavenging activity and are associated with anti-cancer, anti-inflammatory, antimicrobial, cardioprotective, and antidiabetic properties. In addition to polyphenols, Kangra green tea contains alkaloids including caffeine, theobromine, and theophylline, which provide stimulant and bronchodilatory effects. The presence of theanine, vitamins (notably vitamin C), minerals, and other phenolic acids enhance its nutraceutical value. Comparative studies indicate that Kangra tea varieties possess higher total phenolic content and antioxidant capacity compared to several other Indian teas. Scientific evidence supports its role in reducing oxidative stress, hypertension, respiratory disorders, dental caries, cognitive decline, and certain cancers. Despite its remarkable medicinal and economic importance, challenges such as climate variability, labour shortages, ecological imbalance, and land constraints threaten sustainable production. Thus, Kangra green tea represents a valuable functional beverage with significant health-promoting and pharmaceutical potential.
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1. Introduction
Tea (Camellia sinensis) is a product made up from leaf and bud of the plant. The economic and social interest of tea is clear and its consumption is part for many people daily routine, as an everyday drink and as a therapeutic aid in many illnesses. In Asia, daily around 1.2 litre of green tea is consumed by a person who provides high levels of polyphenols and other antioxidants. Green tea polyphenols are believed to be responsible for this cancer preventive effect, and the antioxidant activity of the green tea polyphenols has been implicated as a potential mechanism. India is the second largest producer of green tea in the world after China which includes the famous Assam tea, Darjeeling tea, Nigiri tea and Kangra tea. The major tea producing states in India are Assam, Himachal Pradesh, West Bengal, Tamil Nadu, Kerala and Karnataka. Tea cultivating regions and processing units in Himachal Pradesh is in the altitude ranging between 350 meters to 6,975 meters above mean sea level. Palampur and Dharamshala districts of Kangra and Jogindernagar of district Mandi are the tea producing places in this state. This is popularly known as Kangra Tea or Kangra Valley Tea towards the end of nineteenth century. Consumption of green tea (Camellia sinensis) may provide protection against chronic diseases, including cancer.
Kangra green Tea (Camellia sinensis (L) O Kuntze) is a rich source of alkaloids such as caffeine, theobromine, and theophylline which provide stimulant effects. Theanine, an amino acid compound found in green tea has calming effects on the nervous system. It also contains carotenoids, tocopherols, ascorbic acid (vitamin C), minerals such as chromium, manganese, selenium or zinc, and certain phytochemical compounds. The various flavonoids present in Kangra green tea (flavan-3-ols) are catechins (C), (-)-epigallocatechin3-gallate (EGCG), (-)- epigallocatechin (EGC), (-) - epicatechin-3-gallate (ECG) and (-)-epicatechin (EC). Catechin and EGCG are the stronger catechins among the group of five catechins in Indian green tea (Kangra, Nigiri, Assam, and Darjeeling). Green tea contains various phenolics such as gallic acid, vanillin, myricetin, rutin, protocatechuic acid, quercetin and kaempferol. However, in Indian green tea, Vanillin was found to be a predominant phenolic acid followed by gallic acid and myricetin whereas rutin, kaempferol, quercetin and protocatechuic acid was not detected. The Kangra green tea has higher total phenol content (TPC) and antioxidant levels than other green tea available in India.
2. Special features of Kangra Tea
Kangra green tea has a wide range of healthy chemicals that have the best outcomes for people. In contrast to the partially fermented and fully fermented leaves of oolong tea and black tea, it is made from unfermented leaves. The chemical components of green tea chiefly include polyphenols, caffeine, and amino acids. Polyphenols (catechins and flavonoids), alkaloids (caffeine, theobromine, theophylline, etc.), volatile oils, polysaccharides, amino acids, lipids, vitamins (like vitamin C), and inorganic elements (including aluminum, fluorine, and manganese) are only a few of the chemical substances found in tea leaves. However, tea's favorable health benefits are primarily due to its polyphenol content. The flavonoids contain anti- microbial, anti-allergic, anti-inflammatory, and antioxidant properties. Catechin, gallocatechin, epicatechin, epigallocatechin, epicatechin gallate, and epigallocatechin gallate (EGCG), the latter of which is the most potent catechin compound, are the six main catechin components found in green tea. Green tea and black tea, respectively, have polyphenol contents ranging from 30% to 40% and 3% to 10% (Sharangi et al. 2009). A related compound found in tea is theophylline, a licensed medicine for the treatment of respiratory diseases such as asthma.
Today’s computer-driven world can generate complicated lifestyle-related disorders and consumption of certain natural products like tea may very well replace the ill effects of chemical drugs leading to a safer world with happier life. Catechin present in green tea is the solution for all problems. Green tea helps to prevent hypertension by lowering blood pressure. Nitric oxide, which dilates arteries and lowers blood pressure by widening them, is produced by the body more readily when tea is consumed. In people who had been drinking tea regularly for at least a year, those who drank between half a cup and two and a half cups daily had a 46% lower chance of having high blood pressure, and those who drank more than two and a half cups daily had a 65% lower risk. Catechins are a type of antioxidant found in tea. Catechins can make up as much as 30% of the dry weight of a newly plucked tea leaf. White and green teas contain the most catechins, whereas black tea has significantly fewer due to its oxidative processing (Dalluge et al. 2000).







[image: ]

3. Major components in Kangra green tea

The optimum weather conditions are very much crucial for the green tea productivity and accumulation and synthesis of secondary metabolites that directly affect the defense compounds of the crop that may vary with the varieties under environmental, genetic and other crop management conditions. The most important compounds in tea plants which include methyl xanthine and polyphenolic catechin directly affected by the geographic features, season, and management. These catechins are the phenolic compounds that are rich in flavonoids. One of the main factors that determine the quality of tea is the polyphenol content which is usually found to be around more than 35% of dry weight present in young tea shoots (Turkmen et al. 2009).
In the fresh flush tea leaves contains 20% to 24% are tea catechins. Green tea was reported to constitute 59% of the EGCG, 19% of EGC, 13.6% ECG and 6.4% EC (Cabrera et al. 2006). The catechin content varied from 130.51 to 96.79 g kg-1, 111.18 to 82.09 g kg-1, and 136.56 to 99.26 g kg-1 for Kangra Local, Kangra Asha, and Kangra Jawala variety respectively (Thakur et al. 2018). The total phenol content varied from 175.843 to 135.407 g kg-1, 230.360 to 109.863 g kg-1, and 223.036 to 184.639 g kg-1 for Kangra Local, Kangra Asha, and Kangra Jawala variety respectively. Many epidemiological studies have revealed that the green tea catechins have greater value of therapeutic and nutraceutical properties. It also possesses antioxidant, antimicrobial, and antiallergic activities. It also acts against some bacteria that cause food-borne diseases in addition to their inhibitory effects on exotoxins. Different climatic conditions can influence the total polyphenol content in the tea varieties. It was noted that the shoots of Kangra Asha have higher TP content of 111.18 to 82.09 g kg-1 during the first flush whereas the Kangra Jawala had higher TP content of 136.56 to 99.26 g kg-1 during summer (Kaur et al. 2015). Contrary to this, Kangra local shoot had the higher TP content of 4130.51 to 96.79 g kg -1 during winter. These are found to be that the different weather conditions may affect the genetic aspect of the tea variety thereby changing its biochemical constituents.

4. Medicinal Properties of Kangra Green Tea
4.1 Antioxidant properties
According to popular belief, green tea is a rich source of healthy antioxidants similar to those found in fruits and vegetables. The polyphenols include catechins, thearubigin, and theaflavins are particularly abundant and are thought to contribute to the health advantages of tea. Examining the role of tea's antioxidant capabilities and polyphenols in the physiological effects of tea administration in various models of oxidative stress can only be done through animal experiments (Frei and Higdon 2003). The leaves boast the presence of several noteworthy therapeutic compounds, including fluoride, catechins, and tannins, as well as a well-known antioxidant, EGCG. Many studies have confirmed the free radicle scavenging activity of EGCG in vitro and in vivo. Tea catechins have been found to be better antioxidants than vitamins C and E, tocopherol, and carotene.
4.2 Respiratory medications
Tea contains theophylline, which is used to prevent respiratory conditions like wheezing, shortness of breath, and breathing difficulties brought on by emphysema, chronic bronchitis, asthma, and other lung conditions. It eases breathing by relaxing the body and widening the lungs' airways.
4.3 Anti-inflammatory Properties
Tea is a traditional home cure for swelling, burns, and wounds. Green tea can be used as a poultice to reduce swelling and itching caused by insect bites, while a compress can stop bleeding. Tea's tannins and flavonoids have antibacterial effects. Additionally, the former has anti-inflammatory properties. Green tea components may be helpful topically in the treatment of a number of epithelial disorders, including actinic keratosis, aphthous ulcers, psoriasis, rosacea, and psoriatic arthritis. According to Hsu et al. (2003), elderly keratinocytes were induced by EGCG or a combination of the major green tea polyphenols to produce biological energy and DNA, possibly in preparation for reactivated cell division.
As a result of the astringent tannins included in green tea, it can help with gastrointestinal issues like diarrhea and indigestion. Moreover, green, black, and oolong tea, all having antibacterial, antioxidant, antiseptic, and detoxifying properties are very much effective in treating infectious dysentery as well as easing inflammatory bowel disease. This makes tea useful as a traditional home remedy for various digestive problems.

4.4 Remedies for dental issues
Fluoride is taken up by tea plants from the soil and then accumulates in the leaves. As a result, tea is a particularly rich source of fluoride, with one cup of tea potentially containing upto 0.5 mg. This inhibits dental decay by having a strong ability to bind to enamel particles on the tooth surface. Clinical studies on humans in ex vivo indicated that regular tea consumption may lessen caries severity and incidence (Hamilton-Miller 2001).
4.5 Cognitive functions
Currently, green tea is regarded as a source of dietary components with biological and pharmacological properties important to human health. It has been hypothesized that the pharmacological benefits of drinking tea may aid to protect the brain in relation to the ageing process based on recent animal and human epidemiological evidence. It is now established that drinking tea is negatively connected with the prevalence of dementia, Alzheimer's disease, and Parkinson's disease. EGCG, the major catechin polyphenol component of green tea, has been found to have neuroprotective and neuro-rescue properties in a variety of cellular and animal models of neurological diseases. However, a large body of experimental and animal data suggests that green tea may have powerful neuroprotective, neuro recovery, and amyloid precursor protein processing effects that may improve cognitive function, but no human data are available (Kuriyama et al. 2006).
4.6 Anti-cancer properties
The most common hot beverage is tea, which comes in both black and green varieties and contains a variety of phenolic compounds and antioxidants, some of which have been proven in studies to have anti-cancer characteristics (Kris-Etherton et al. 2002). Numerous population- based studies support tea's ability to prevent cancer (Table 1). Strong antioxidants, such as the polyphenols found in tea, may help prevent cancer by preventing DNA damage to cells and the activation of cancer that results in malignancy. According to population-based studies, drinking green tea may lower your chance of developing a number of human cancers and diabetes. The molecular mechanisms of green tea polyphenols and their therapeutic implications in cancer were explored. They claim that the primary polyphenol in green tea known as epigallocatechin- 3-gallate (EGCG) is a well-researched chemo-preventive agent with potential anticancer action. According to Cooper et al. (2005) green tea extracts have a special collection of catechins that exhibit biological activity in tests for antioxidant, antiangiogenesis, and ant proliferative effects. These effects may be important for the prevention and management of various cancers. It was claimed that green tea has the potential to be used as a chemo-preventive for breast cancer (Leong et al. 2008).
Table 1. Effect of consumption of tea on combating different types of cancer

	Sr.
No.
	Type of
Cancer
	Effect of Consumption of Tea
	References

	1.
	Lung Cancer
	One population-based study found that Okinawan tea (similar to green tea but partially fermented) was associated with decreased lung cancer risk, particularly among women.
Major tea drinkers were less likely to develop pancreatic
cancer compared to non-drinkers. Further studies are needed to recommend strongly.
	Ohno (1995)
	et
	al.

	2.
	Pancreatic Cancer
	Major tea drinkers were less likely to develop pancreatic cancer compared to non-drinkers. Further studies are needed to recommend strongly.
	Lyn-Cook et al. (1999)

	3.
	Prostate Cancer
	Laboratory studies have found that green tea extracts prevent the growth of prostate cancer cells in test tubes. However, neither black nor green tea should be taken while receiving chemotherapy as both of them were less sensitive during that period.
	Lyn-Cook et al. (1999)

	4.
	Breast Cancer
	Researchers found that women who consumed the most green tea experienced the least spread of cancer (particularly pre-menopausal women with early stages of breast cancer).
	Pianetti (2002)
	et
	al.

	5.
	Cancer due to smoking
	Typically, cancer is brought on by oxidative damage from cigarette smoking. According to research, tea polyphenols are potent antioxidants that activate phase-2 detoxification enzymes, enabling the body to quench more oxidative DNA damage and lowering the risk of cancer.
	Ohno (1995)
	et
	al.




5. Challenges in their Production

 5.1 Climate change
One of the biggest risks to tea production worldwide is climate change. The Intergovernmental Panel on Climate Change (IPCC) has predicted that climate change will result in higher mean temperatures, altered precipitation patterns, more frequent extreme weather events, and increased climatic variability. The tea plant is an evergreen shrub that grows in a particular climate and is particularly prone to irregular climatic variability, which could pose a serious threat to tea quality and yield. Additionally, tea has been grown in areas that are particularly susceptible to extreme weather. Climate change consequently makes tea producers and others in the global tea industry's value chain more financially vulnerable. To determine the industry's vulnerability, it is crucial to identify the key climatic factors that have a significant impact on tea yield and the responses of tea plants to climate change (Duncan 2016). The creation and application of bio-climatic indicators, along with the choice of the best sites, cultivars, and cultivation techniques, and the breeding of tea hybrids that are better adapted to climate change, will be an effective tool for tracking the effects of climate change, maintaining and improving the production of high-quality tea in tea-growing regions around the world (Ashardionoa et al. 2014).
5.2 Labour constraints
The majority of the world's tea plantations are located on mountain slopes, and the growth and harvesting of tea require a lot of labor. Therefore, a steady flow of knowledgeable labor from rural communities is crucial for the growth of the tea business. In the tea sector, labor costs account for between 50 and 60 percent of production costs (Ganewatta et al. 2000). As a result, a crucial factor in plantation production efficiency is labor productivity. The majority of the nations that produce tea are developing nations with access to sizable labor markets (Hicks et al. 2001). Tea cultivation and production is one of the most labor-intensive agricultural activities and plucking is the most labor-intensive operation involved in tea production, except a few countries such as Japan. Nearly 70 % of the labor involved in tea production is used for the plucking operation and approximately 40 % of the cost of production of tea goes into payment for the labor involved in the plucking operation. Therefore, a cost-cutting technique in this area of the business would help to drastically lower production costs. One of the efficient solutions to cut costs is mechanization. You can introduce mechanization at varying degrees. In locations with severe labor scarcity, mechanical plucking devices are a preferable alternative.

5.3 Ecological balance
There are numerous ecological impacts of tea plant cultivation on the environment. Different agrochemicals are employed throughout the growing cycle to protect tea bushes, as well as to improve production and quality, as tea is frequently grown in monoculture and plantations. Yabukita cultivar reportedly occupied more than 75% of the nation's total producing area in the early 2000s in Japan, which led to numerous changes in the tea business (Takeda Y et al. 2007). Because tea is typically produced on slopes that are very sensitive to erosion and monoculture, the soil fertility of tea-growing areas is significantly impacted. To make up for this loss, both organic and inorganic fertilizers are used, increasing the number of agrochemicals used. Therefore, the cost of production of made tea has increased due to increasing fuel prices and increased labor costs. The development of various facilities such as microwave has been evoked to improve energy efficiency in some countries such as Korea and China (Song et al. 2014).
5.4 Land Availability
According to United Nations research 2018, the world's population is undergoing significant change and is expected to reach 9.8 billion by 2050, along with a 70% increase in the need for food. All accessible agricultural lands will unavoidably be under pressure from expanding cities and population growth. As a result, in order to obtain land for production, the tea business must compete with other, more important food crops. The accessible tea lands may need to be used for other crops since tea is not a main food crop. It is difficult to increase the area under tea due to the non-availability of suitable lands for tea hence, replanting of old cultivations is much vital. For the sustainable tea industry, the replanting rate should be at a minimum of 2 percent per annum of the total area under tea cultivation.

6. Conclusion
Kangra green tea (Camellia sinensis (L.) O. Kuntze) cultivated in the mid-hill regions of Himachal Pradesh exhibits remarkable phytochemical richness and bio functional properties. The distinctive agro-climatic conditions of the Kangra Valley significantly influence the synthesis and accumulation of secondary metabolites, particularly polyphenols and methylxanthines. High concentrations of catechins, especially epigallocatechin gallate (EGCG), epigallocatechin (EGC), epicatechin gallate (ECG), and epicatechin (EC), contribute to its strong antioxidant potential. These compounds play a crucial role in mitigating oxidative stress and are associated with anti-inflammatory, antimicrobial, cardioprotective, neuroprotective, and chemo preventive activities. In addition to polyphenols, the presence of alkaloids such as caffeine and theophylline, along with amino acids, vitamins, and essential minerals, enhances its nutraceutical and therapeutic relevance. Comparative analyses indicate that Kangra tea varieties possess higher total phenolic content and antioxidant capacity relative to several other Indian teas, underscoring their superior quality attributes. Despite its significant medicinal and economic value, the sustainability of Kangra tea production is increasingly threatened by climate variability, ecological imbalance, labour shortages, and land constraints. Therefore, adaptive cultivation practices, improved management strategies, and further biochemical investigations are essential to preserve its quality and maximize its pharmacological potential.
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Figure 1: Processing of Green Tea




