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Abstract

Kangra green tea (Camellia sinensis (L.) O. Kuntze), is grown in the mountainous range of Himachal Pradesh in the Western Himalaya, represents a distinctive Indian tea known for its rich phytochemical composition and functional properties.  This review summarizes what is currently known about its bioactive components, therapeutic value, agroclimatic impacts, and sustainability issues. High concentrations of polyphenols (30–40% dry weight) are found in kangra green tea, primarily catechins such epicatechin gallate (ECG), epicatechin gallate (EC), and epigallocatechin gallate (EGCG). Strong antioxidant activity and anti-inflammatory, cardioprotective, antibacterial, neuroprotective, and chemo preventive properties are linked to these substances. The presence of methylxanthines (caffeine and theophylline), L-theanine, vitamins, and essential minerals further enhances its nutraceutical value. Agro-climatic factors including altitude, temperature variability, and seasonal fluctuations significantly influence secondary metabolite accumulation and tea quality. However, sustainable production faces challenges from climate variability, labor constraints, ecological imbalance, and land-use pressures. Future interdisciplinary research integrating metabolomics, climate analytics, and clinical validation is required to establish Kangra green tea as a globally recognized functional beverage.
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1. Introduction
Tea (Camellia sinensis (L.) O. Kuntze) is one of the most popular consumed drinks in world and represents a commodity of significant economic, cultural, and medicinal importance. Among the different types of tea—green, black, oolong, and white—green tea has attracted considerable scientific attention due to its minimal processing and high retention of bioactive phytochemicals. Unlike black and oolong teas, green tea undergoes limited oxidation, thereby preserving its natural polyphenolic composition, particularly catechins, which are largely responsible for its biological activity. Green tea's wide variety of health advantages have attracted a lot of attention, mostly because of its rich composition of 
biochemical substances. Among the many varieties of green tea, Kangra green tea, which is grown in the unspoiled Kangra district of Himachal Pradesh, India, has become a prominent example of both exceptional quality and a variety of medicinal qualities. In addition to its peculiar flavour and aromatic quality, this particular kind of green tea has significant health benefits (Basu et al., 2021). Kangra green tea's high content of antioxidants, especially catechins and polyphenols, which are essential for preventing oxidative stress and lowering the risk of chronic illnesses, is the basis for the tea's health advantages. These antioxidants have a critical role in scavenging free radicals, reducing cellular damage and enhancing general health (Dong et al., 2022).
Globally, tea production is concentrated in Asia, with India ranking as the second-largest producer after China. Within India, major tea-growing regions include Assam, Darjeeling (West Bengal), Nilgiri (Tamil Nadu), and Kangra Valley (Himachal Pradesh). Kangra tea, cultivated in the mid-hill regions of Himachal Pradesh—primarily in Palampur, Dharamshala, and adjoining areas—possesses unique organoleptic and phytochemical characteristics attributed to its distinct Himalayan agro-climatic conditions. The region is characterized by moderate temperatures, well-distributed rainfall, altitudinal gradients, and acidic, well-drained soils, all of which influence secondary metabolite biosynthesis and overall tea quality. Green tea leaves are rich in polyphenols, constituting approximately 30–40% of dry weight, with flavan-3-ols (catechins) such as epigallocatechin gallate (EGCG), epigallocatechin (EGC), epicatechin gallate (ECG), and epicatechin (EC) forming the predominant fraction. In addition, green tea contains methylxanthines (caffeine, theobromine, and theophylline), L-theanine, vitamins, minerals, and various phenolic acids, contributing to its functional and nutraceutical value. Emerging studies suggest that Kangra green tea exhibits comparatively high total phenolic content and antioxidant capacity relative to several other Indian tea varieties, although systematic comparative analyses remain limited.

While the global health benefits of green tea have been extensively documented, research specifically focusing on Kangra green tea remains fragmented. Moreover, increasing climate variability, ecological pressures, and socio-economic constraints pose significant challenges to sustainable tea production in the Himalayan region. Therefore, a comprehensive synthesis of available evidence is required to critically evaluate the phytochemical composition, bio functional properties, agro-climatic determinants, and sustainability perspectives of Kangra green tea. By neutralizing free radicals and inhibiting important enzymes like alpha-amylase and alpha-glucosidase, kangra green tea (KGT) extract demonstrates potent antioxidant and antidiabetic qualities. Its capacity to improve glucose absorption and lower oxidative stress highlights its promise as a natural treatment for applications related to health and wellbeing (Manhas et.al 2025).This review aims to consolidate existing scientific knowledge on Kangra green tea, its health benefits and identify key research gaps that may guide future interdisciplinary investigations.
2. Special features of Kangra Tea

Kangra green tea contains a variety of beneficial compounds that work best for humans. It is manufactured from unfermented leaves as opposed to the completely and partially fermented leaves of black tea and oolong tea. The main chemical constituents of green tea include amino acids, caffeine, and polyphenols. 
Tea leaves contain a diverse array of bioactive and nutritional constituents, including polyphenols (notably catechins and flavonoids), alkaloids (such as caffeine, theobromine, and theophylline), volatile oils, polysaccharides, amino acids, lipids, vitamins (for example, vitamin C), and several inorganic elements, including aluminium, fluorine, and manganese. Among these components, polyphenols are widely recognised as the principal contributors to the health-promoting properties associated with tea consumption.
Flavonoids, a major class of tea polyphenols, have been extensively studied for their biological activities. These compounds exhibit a broad range of beneficial properties, including antimicrobial, antioxidant, anti-inflammatory, and anti-allergic effects. Such activities are believed to play a significant role in mitigating oxidative stress and modulating inflammatory responses in the human body.
Green tea, in particular, is characterised by a high concentration of catechins, which represent the most important group of polyphenolic compounds present in the leaves of Camellia sinensis. The six major catechin constituents of green tea include catechin, gallocatechin, epicatechin, epigallocatechin, epicatechin gallate, and epigallocatechin gallate (EGCG). Among these, EGCG is considered the most biologically potent and has been the subject of extensive scientific investigation due to its strong antioxidant capacity and potential therapeutic effects.
The overall polyphenol content of tea varies depending on the type of processing the leaves undergo. According to Sharangi et al. (2009), the polyphenol content in black tea ranges from approximately 3% to 10%, whereas green tea contains significantly higher levels, typically between 30% and 40%. In addition to polyphenols, tea also contains the alkaloid theophylline, a compound structurally related to caffeine. Notably, theophylline has recognised pharmacological applications and is widely used as a prescription medication in the treatment of respiratory disorders, including asthma, owing to its bronchodilatory effects.
The computer-driven world of today can lead to complex lifestyle-related problems, and the negative effects of chemical pharmaceuticals may be replaced by the intake of some natural items, such as tea, creating a safer and happier society. Green tea contains catechin, which is the answer to every issue. Green tea consumption has been associated with a reduction in blood pressure, thereby contributing to the prevention and management of hypertension. One of the proposed mechanisms underlying this effect is the stimulation of nitric oxide production in the body following tea intake. Nitric oxide acts as a vasodilator, promoting the relaxation and widening of blood vessels, which in turn improves vascular function and facilitates a reduction in arterial blood pressure.
Epidemiological observations further support the potential cardiovascular benefits of tea consumption. Individuals who consumed between half a cup and two and a half cups of tea per day demonstrated approximately a 46% lower likelihood of developing hypertension compared with non-consumers. Moreover, those who consumed more than two and a half cups daily exhibited an even greater reduction in risk—approximately 65%—provided that tea consumption had been maintained consistently for at least one year. These findings suggest a dose-dependent association between habitual tea intake and reduced risk of elevated blood pressure.
A key factor contributing to these beneficial effects is the presence of catechins, a class of potent antioxidant compounds found abundantly in tea leaves. Catechins play a significant role in neutralising free radicals and reducing oxidative stress, which is closely linked to cardiovascular dysfunction. In freshly harvested tea leaves, catechins may constitute up to 30% of the dry weight, highlighting their importance as major bioactive components.
However, the concentration of catechins varies considerably among different types of tea, largely due to differences in processing methods. Black tea, which undergoes extensive oxidative processing (often referred to as fermentation), contains substantially lower levels of catechins compared with minimally processed teas such as white and green tea. During oxidation, many catechins are converted into other polyphenolic compounds, including theaflavins and thearubigins, thereby reducing the overall catechin content of black tea (Dalluge et al., 2000).


[image: ]

3. Key ingredients in Kangra green tea

The production of green tea and the accumulation and synthesis of secondary metabolites, which have a direct impact on the defense components of the crop and may differ depending on the variety under environmental, genetic, and other crop management conditions, depend heavily on ideal weather. Methyl xanthine and polyphenolic catechin, two of the most significant chemicals in tea plants, are directly impacted by season, management, and regional characteristics. These flavonoid-rich phenolic compounds are known as catechins. The polyphenol concentration, which is typically found to be more than 35% of the dry weight present in young tea shoots, is one of the primary elements determining the quality of tea (Turkmen et al. 2009).
Tea catechins make up 20% to 24% of fresh flush tea leaves. According to reports, green tea accounts for 59% of EGCG, 19% of EGC, 13.6% of ECG, and 6.4% of EC (Cabrera et al. 2006). For Kangra Local, Kangra Asha, and Kangra Jawala varieties, the catechin content ranged 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, respectively (Thakur et al. 2018). For Kangra Local, Kangra Asha, and Kangra Jawala varieties, the total phenol content ranged 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, respectively. In addition to its inhibitory actions on exotoxins, it also acts against certain bacteria that cause food-borne illnesses. The overall polyphenol content of the tea varietals can vary depending on the climate. Kangra Asha shoots were found to have a higher TP content of 111.18 to 82.09 g kg-1 during the first flush, while Kangra Jawala shoots had a higher TP content of 136.56 to 99.26 g kg-1 over the summer (Kaur et al. 2015). In contrast, the TP content of Kangra local shoot was greater in the winter, ranging from 4130.51 to 96.79 g kg-1. It has been discovered that the various climatic conditions may have an impact on the tea variety's genetic makeup, altering its biochemical components.








4. The Health Benefits of Kangra Green Tea
4.1 Properties of antioxidants

      Green tea is said to be a high source of beneficial antioxidants that are comparable to those in fruits and vegetables. Particularly prevalent polyphenols, such as catechins, thearubigin, and theaflavins, are believed to contribute to the health benefits of tea. Animal tests are the only way to investigate the function of tea's antioxidant properties and polyphenols in the physiological effects of tea administration in different models of oxidative stress (Frei and Higdon 2003). 
4.2 Medication for the respiratory system

        Theophylline, which is found in tea, is used to treat respiratory disorders such as wheezing, and breathing problems caused by asthma, chronic bronchitis, emphysema, and other lung diseases. By relaxing the body and expanding the airways in the lungs, it facilitates breathing.

4.3 Properties that Reduce Inflammation

Tea has long been used as a home remedy for burns, wounds, and edema. While a compress can stop bleeding, green tea can be applied as a poultice to lessen swelling and itching brought on by insect bites. Tea contains antimicrobial flavonoids and tannins. The former also has the ability to reduce inflammation. Actinic keratosis, aphthous ulcers, psoriasis, rosacea, and psoriatic arthritis are among the epithelial conditions for which green tea components may be beneficial when applied topically. Hsu et al. (2003) reported that EGCG or a mixture of the main green tea polyphenols stimulated the production of biological energy and DNA in older keratinocytes, potentially in anticipation of reactivated cell division.

Green tea can help with gastrointestinal problems including diarrhoea and indigestion because it contains astringent tannins. Additionally, viral dysentery and inflammatory bowel illness can be effectively treated with green, black, and oolong tea due to their antibacterial, antioxidant, antiseptic, and detoxifying qualities. Because of this, tea can be used as a traditional home treatment for a number of stomach issues.

4.4 Solutions for dental problems

      Tea plants absorb fluoride from the soil and store it in their leaves. Because of this, tea is an especially high source of fluoride; a cup of tea may contain as much as 0.5 mg. Because of its potent capacity to attach to enamel particles on the tooth surface, this prevents dental decay. Regular tea consumption may reduce the severity and incidence of caries, according to ex vivo clinical investigations on humans (Hamilton-Miller 2001).
4.5 Cognitive abilities
Green tea is increasingly recognised as an important dietary source of bioactive compounds possessing significant pharmacological and biological properties that are beneficial to human health. Evidence derived from both experimental animal studies and human epidemiological investigations suggests that regular tea consumption may confer protective effects on the brain, particularly in relation to the ageing process.
Several epidemiological studies have reported an inverse association between tea consumption and the prevalence of neurodegenerative disorders, including Dementia, Alzheimer's disease, and Parkinson's disease. These observations imply that habitual tea intake may contribute to a reduced risk of cognitive decline and neurodegeneration.
[bookmark: _GoBack]A key compound implicated in these effects is epigallocatechin gallate (EGCG), the principal catechin polyphenol found in green tea. In a variety of cellular and animal models of neurological disorders, EGCG has demonstrated both neuroprotective and neurorestorative properties. These effects are thought to arise from its strong antioxidant activity, its ability to modulate cellular signalling pathways, and its potential to reduce neuronal damage associated with oxidative stress.
Furthermore, a substantial body of experimental and animal-based research indicates that green tea may exert beneficial effects on cognitive function through several mechanisms. These include neuroprotection, facilitation of neuronal recovery, and modulation of the processing of amyloid precursor protein, which is closely associated with the pathogenesis of Alzheimer’s disease. Collectively, these mechanisms may contribute to improved cognitive performance and reduced neurodegenerative risk. However, despite promising findings from laboratory and animal studies, robust evidence from human clinical studies remains limited (Kuriyama et al., 2006).
4.6 Anti-cancer characteristics 

The most popular hot beverage is tea, which is available in both black and green kinds and includes a number of phenolic compounds and antioxidants, some of which have been shown in tests to have anti-cancer properties (Kris-Etherton et al. 2002). Tea has been shown to prevent cancer in a number of population-based studies (Table 1). By reducing DNA damage to cells and the activation of cancer that leads to malignancy, potent antioxidants, like the polyphenols in tea, may help prevent cancer. Drinking green tea may reduce your risk of acquiring diabetes and certain human malignancies, according to population-based studies. Green tea polyphenols' molecular processes and potential therapeutic applications in cancer were investigated. They assert that epigallocatechin-3-gallate (EGCG), the main polyphenol in green tea, is a well-studied chemo preventive agent with possible anticancer effect. 
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 (Leongetal.2008).
Table 1. Tea consumption's impact on preventing various cancer types

	Sr.
No.
	Cancer types
	Impact of Tea Consumption

	References

	1.
	Lung Cancer
	Okinawan tea, which is comparable to green tea but partially fermented, was linked to a lower incidence of lung cancer, especially in women, according to one population-based study. 
Compared to non-users, major tea drinkers had a lower risk of pancreatic cancer. Strong recommendations require additional research. 

	Ohno (1995)
	et
	al.

	2.
	Pancreatic Cancer
	Compared to non-users, major tea drinkers had a lower risk of developing pancreatic cancer. To make a strong recommendation, more research is required.

	Lyn-Cook et al. (1999)

	3.
	Prostate Cancer
	Green tea extracts inhibit the growth of prostate cancer cells in test tubes, according to laboratory research. However, neither green tea nor black tea should be consumed while undergoing chemotherapy because they were both less sensitive at that time.

	Lyn-Cook et al. (1999)

	4.
	Breast Cancer
	Researchers discovered that the least amount of cancer spread to women who drank the greenest tea (especially premenopausal women with early stages of breast cancer).

	Pianetti (2002)
	et
	al.

	5.
	Cancer due to smoking
	Cancer is usually caused by oxidative damage from smoking cigarettes. Research indicates that tea polyphenols are strong antioxidants that trigger phase-2 detoxification enzymes, allowing the body to repair more oxidative DNA damage and reducing the risk of cancer.

	Ohno (1995)
	et
	al.




4. Production Challenges

 5.1 Climate change

Climate change is one of the main threats to tea production globally. According to predictions made by the Intergovernmental Panel on Climate Change (IPCC), climate change will cause mean temperatures to rise, precipitation patterns to shift, extreme weather events to occur more frequently, and climatic variability to increase. The tea plant is an evergreen shrub that thrives in a certain climate and is especially vulnerable to erratic climate variability, which could seriously jeopardize tea supply and quality. Tea has also been produced in regions that are especially vulnerable to severe weather. As a result, climate change increases the financial vulnerability of tea producers and other participants in the global tea industry's value chain. 
Finding the major climatic conditions that significantly affect tea yield and how tea plants react to climate change is essential to assessing the industry's vulnerability (Duncan 2016). A useful tool for monitoring the effects of climate change and preserving and enhancing the production of high-quality tea in tea-growing regions worldwide will be the development and application of bio-climatic indicators, as well as the selection of the best locations, cultivars, and cultivation methods, and the breeding of tea hybrids that are better adapted to climate change (Ashardionoa et al. 2014).
5.2 Labour constraints

Growing and harvesting tea is a labour-intensive process, and most tea estates worldwide are situated on steep slopes. Thus, a consistent supply of skilled workers from rural areas is essential to the expansion of the tea industry. Between 50 and 60 percent of production expenses in the tea industry are related to labour expenditures (Ganewatta et al. 2000). Therefore, worker productivity is an important component of plantation production efficiency. Most tea-producing countries are developing countries with access to large labour markets (Hicks et al. 2001). With the exception of a few nations like Japan, cultivating and producing tea is one of the most labour-intensive agricultural endeavours, and the most labour-intensive step in the process is plucking. Approximately 40% of the cost of producing tea is utilized to pay for the labour required in the plucking process, which accounts for nearly 70% of the labour needed in tea production. 
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 harmony

The production of tea plants has a variety of ecological effects on the environment. Since tea is often cultivated in monoculture and on plantations, several agrochemicals are used throughout the growing cycle to protect tea bushes as well as to increase productivity and quality. In the early 2000s, the Yabukita cultivar is said to have taken up over 75% of Japan's total producing area, which caused a number of changes in the tea industry (Takeda Y et al. 2007). The soil fertility in tea-growing regions is greatly damaged because tea is usually grown on slopes that are highly vulnerable to erosion and monoculture. In order to compensate for this loss, more agrochemicals are required, including both organic and inorganic fertilizers. As a result, rising labour and fuel costs have raised the cost of producing tea. In some nations, including China and Korea, the development of various facilities, like microwaves, has been called upon to increase energy efficiency (Song et al. 2014).
5.4 Availability of Land
According to a 2018 United Nations study, the world's population is changing dramatically and is predicted to reach 9.8 billion by 2050, with a 70% rise in food demand. There will inevitably be pressure from growing cities and population increase on all accessible agricultural fields. As a result, the tea industry must compete with other, more significant food crops to get land for production. Since tea is not a major food crop, the accessible tea lands might need to be used for other crops. Replanting existing cultivations is crucial since it is difficult to extend the area under tea due to the lack of appropriate lands. A minimum of 2% of the total area used for tea growing should be replanted annually in order to support the sustainable tea business.
6. Research Gaps and Future Perspectives
Despite promising evidence, several gaps remain:
1. Limited long-term climate–phytochemical interaction studies specific to Kangra.
2. Insufficient human clinical trials evaluating Kangra green tea.
3. Lack of advanced metabolomic and transcriptomic profiling of local cultivars.
4. Limited integration of carbon footprint and ecosystem sustainability assessments.
Future research should adopt interdisciplinary approaches combining phytochemistry, agronomy, climate science, and clinical research to validate health claims and ensure sustainable production.

6.Conclusion
Kangra Valley green tea (Camellia sinensis (L.) O. Kuntze) is a phytochemically rich Himalayan tea distinguished by high concentrations of catechins, particularly epigallocatechin gallate (EGCG), along with methylxanthines, L-theanine, vitamins, and essential minerals. The synthesis of these bioactive compounds is strongly influenced by the unique agro-climatic conditions of the mid-hill regions of Himachal Pradesh, including altitude, temperature variability, and seasonal dynamics. Evidence from experimental and epidemiological studies on green tea suggests significant antioxidant, anti-inflammatory, cardioprotective, neuroprotective, and potential chemo preventive properties. However, region-specific clinical investigations focusing on Kangra cultivars remain limited, highlighting the need for standardized biochemical characterization and human validation studies.
Seasonal and cultivar-based variability in phenolic content further underscores the importance of genotype–environment interactions in determining tea quality. At the same time, climate variability, ecological pressures, labour shortages, and land-use constraints pose substantial challenges to sustainable production. Future interdisciplinary research integrating metabolomics, climate analytics, and agronomic innovation will be essential to strengthen scientific validation and ensure long-term sustainability. Kangra green tea thus holds considerable promise as a functional beverage with regional and global relevance, provided that research and sustainability efforts advance concurrently.
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Figure 1: Processing of Green Tea




