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ABSTRACT 

Near about two-third of the world population consumes tea [Camellia sinensis (L.)]. 

Three distinctly different tea growing regions were noticed in North Bengal. In 

therapeutics, various kinds of tea matrices obtained from different grades of tea are 

most often employed for prophylactic purposes and in the formulation of plant derived 

elixir to protect human diseases. 

The present studies were conducted during 2006-2010 in ten cultivars of tea (Camellia 

sinensis (L.) O. Kuntze) namely, TV1, TV20, TV26, TV29, TV30, Tinali 17, Takda 7, 

8, Tingamara, Sundaram (B/5/63) and Dangri Manipuri at tea estates of Terai, Dooars 

and Darjeeling hills of North Bengal. Commercial standard plucked tea leaves were 

assayed to determine antioxidant activity and related phytochemical constituents. 

DPPH was used to determine the antioxidant properties of bud+leaf (B+L), bud+two 

leaves (B+2L), bud+ three leaves (B+3L) and mature leaves (L). Subsequently, total 

phenolics, f1avonols and hydrolysable tannins were estimated using standard 

methods. The result showed that free-radicals scavenging potentiality and chemical 

composition varies significantly at different growing conditions and leaf maturation. 

Statistical analysis showed significant relation between antioxidant and some 

phytochemical composition of dry tea leaves, among which phenolics (R
2
 = 0.904, P< 

0.00 I), tannins (R
2 

= 0.567, P< 0.05) and flavonols (R
2
= 0.314, P< 0.05) bear 

significant correlation. Soil physicochemical parameters like pH (R
2
= 0.537, P< 0.05), 

nitrogen (R
2
= 0.618, P< 0.0 I), K2O (R

2
= 0.1 06, insignificant), P2O5 (R

2
= 0.730, P< 

0.01), S (R
2
= 0.1 57, insignificant) and soil moisture (R

2
= 0.745, P< 0.0 I) influenced 

free radical scavenging activity in tea leaves. Antioxidant quality of tea varies with 

maturation stages of leaves and the pattern is specific for a selected varieties. From 

our observation it may be concluded that antioxidant quality is dependent on some 

fertility parameters of soil and maturation of leaves.  

Also, this thesis reported the occurrence of 24 species of shade trees in tea 

plantations on various soil conditions in North Bengal region. The prevailing soil 

types and different soil characteristics have been recognized in the study area. 

Climatic variation of Phenolics (mainly EGCG and ECG), flavouring index 

(TF: TR and HPS, TC), PPO activities and anti-oxidative properties in fresh tea shoots 

to handmade orthodox tea, consisting of one apical bud and two adjoining leaves 
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sampled from TV-1, TV20, TV26, TV29, TV30 (Tocklai vegetative) clone and 

Tingamara, Dangri Manipuri and Sundaram (B/5/63), Tinali 17, Takda7.8 grown in 

Terai, Hill and Dooars region in North Bengal, were investigated during three harvest 

season (March, June and December) in 2007, 2008, 2009 and 2010. The EGCG, ECG 

of all clones was lower in cool months of December in four years (average 4.90 - 2.15, 

2.93-0.63). Thereafter, the levels of total phenolics in terms of EGCG and ECG 

increased throughout the warmer months from March to September. Antioxidant 

activity showed similar trends which increased from 1
st
 harvest (March) to 3

rd
 harvest 

(December). All clones showed nearly 100% antioxidant activity at 2
nd

 and 3
rd

 harvest 

season which was higher than standard synthetic antioxidant BHA (Butylated 

hydroxyl anisole). However, seasonal diurnal variation of phenolics showed different 

results according to clones used. TF: TR (0.138 to 0.036%), HPS (22.235-10.14%) 

and TLC (5.73-3.49) also seasonally vary. PPO activity plays a crucial role and 

depends on the clone.  

Agro-climatic variation of antioxidative properties, phenolics and mineral 

nutraceuticals in fresh tea shoots, consisting of one apical bud and two adjoining 

leaves sampled from TV1, TV20, TV26, TV29, TV30 (Tocklai Vegetative) clone and 

Tingamara, Dangri Manipuri and Sundaram (B/5/63) grown in Terai region in 

Darjeeling district, North Bengal was investigated during three harvest season (March, 

June and December) in 2007, 2008 and 2009. The total Phenolics of all clones were 

lower in cool months of December in three years (average 36.02-93.29 mg GAE/g dry 

weight basis). Thereafter, the levels of total phenolics increased throughout the 

warmer months from March to September. Antioxidant activity determined by DPPH 

based free-radicals scavenging assay showed similar trends which increased from 1
st
 

harvest (March) to 3
rd

 harvest (December). All clones showed nearly 100% 

antioxidant activity at 2
nd

 and 3
rd

 harvest season which was higher than standard 

synthetic antioxidant BHA (Butylated hydroxyl anisole). However, seasonal variation 

of minerals (N, P, K, Ca, Mg, Na, Fe, Cu, Mn, and Zn) showed different results 

according to clones used. 

Tea, which is one of the most popular beverages worldwide, is obtainable from 

aqueous infusion of processed tea leaves (Camellia sinensis (L.) O. Kuntze). In India, 

mainly three types of tea are produced: viz. Crush-Tear-Curl (CTC), Green and 

Orthodox tea. From therapeutic viewpoint, green tea has been most widely studied due 

to its richness in different catechin derivatives. CTC and Orthodox tea is mainly used 
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as beverage due to high aroma, flavour and brilliant colour. Conventional orthodox 

processing consists of rolling the leaf, stretching and tearing followed by fermentation, 

which during CTC preparation, being replaced by quicker and more severe leaf 

disruption followed by more oxidation process due to wider surface area of interaction 

of polyphenols with oxygen by polyphenol oxidases (PPO) and peroxidases (PO) 

enzyme. However, in case of green tea, withered leaves are steamed and dried for 

minimizing chemical and enzymatic reactions.  Industrial processing of tea starts with 

harvesting phase. Our study suggests that harvest time is crucial for determining 

antioxidant potential of fresh tea shoots. The total phenols of TV clones were lower in 

cold season, whereas increased throughout the warmer months from March to 

September. Antioxidant activity showed similar trend which increased from 1
st
 to 3

rd
 

harvest comparable with standard synthetic antioxidant BHA (Butylated hydroxyl 

anisone).  Among different TV clones, PPO activity was found to be highest in TV1.  

There are biochemical and enzymological changes associated with withering periods. 

PPO enzyme showed maximum activity after 10 hours of withering whereas PO 

activity increased continuously with withering time. Highest polyphenols was recorded 

after 14 hours of withering. Withering temperature is also important for individual 

catechin species and total catechin accumulation. Higher temperature particularly 

degrades the level of catechin to a substantial extent along with antioxidant activity as 

measured by scavenging of DPPH and ABTS
· +

 radicals. Metal chelating activity on 

the other hand, was enhanced with withering temperature. In case of CTC processing, 

antioxidant activity was drastically reduced immediately after rapid crush-tear and curl 

process. However the antioxidant activity of Orthodox tea is quite high even after 

firing indicating that slow and limited oxidation during fermentation is helpful for 

restoration of antioxidant activity. Also polymerization of phenols by enzymatic 

oxidation reduces antioxidant activity in CTC tea as revealed from higher abundance 

of hydrolysable tannins and quinone in those grades. When different CTC grades were 

compared, OF and PD was found superior than others in terms of quality and quantity 

of antioxidants and phytochemicals. Flavour index along with antioxidant activity vary 

widely with fermentation time and temperature and best fermentation environment was 

optimized at 60 minutes with 35º C temperature for preparation of better quality tea. 

Changes in profiles of flavonoid pattern during industrial processing were also 

revealed from thin layer chromatographic analysis. When compared with different 

industrially prepared tea of North Bengal, CTC black tea was found to be inferior in 
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antioxidants and bioactive compounds. In a nutshell, it can be stated that 

physicochemical attributes during industrial processing might have profound influence 

for determining quality framework of made tea.  
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1. INTRODUCTION 

Tea is the most popular nonalcoholic beverages in the world. Near about two-third of 

the world population uses tea as a beverage. Tea 'Camellia sinensis,' is believed to 

have originated from South East Asia. However, the center of origin is not clearly 

known. It may be the Tibetan Plateau including Sze-Chuan, Yu-nan, Sain, North East 

India or China where tea could be originated. Chinese people were the pioneers in 

using tea for medicinal purposes. By the end of the sixth century, the Chinese began to 

regard tea as a beverage. Thea or tea [Camellia sinensis (L.) O. Kuntze] family: 

Theaceae), is an acid loving long shrub or small tree with alternate evergreen leaves, 

indigenously grown in Eastern Asia. But, in 1823 Major R. Bruce discovered tea 

plants from North East India. Tea has become one of the powerful commodities of 

commercial value during the colonial period. At that time, only luxurious and rich 

people could afford tea as a beverage. Tea has now become the world's cheapest and 

most widely used drink other than water. It has truly become a beverage of 

international fellowship, a bond that brings people together. Economically speaking 

too, tea is an extremely valuable source of much needed foreign exchange. Tea 

plantation industry is a combination of industry and agriculture (plantation is a large 

estate on which crops such as tea. coffee, rubber etc. are grown). Production of the 

leaf is an agricultural activity while its processing is an industrial activity. Most of the 

large estates process raw leaf in their own factories. The tea industry is of 

considerable importance in the national economy of India in terms of income 

generation, earning foreign exchange, employment generation-end contribution to the 

national exchequer. Now it is extensively cultivated in the sub-tropical belt slops of 

hills, plateaus at an altitude varying from 10 meters to 2400 meter above sea level. In 

India, there are three distinctly different tea growing regions. These regions are 

geographically separated, thereby producing three entirely different teas both in style 

and in taste/flavour. The three regions of tea production areas are Darjeeling (North-

Eastern India), Assam (far North-East India) and Nilgiri (South India).  The cool and 

moist climate, the soil, the rainfall and the sloping terrain all combine to give 

Darjeeling its unique "Muscatel" flavour and exquisite bouquet. The combination of 

natural factors that gives Darjeeling tea its unique destination and is not found 

anywhere else in the world, hence this finest and most delicately flavored of all teas 

has over the years acquired such reputation as "Champagne enjoys amongst wine". 
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Assam  rich in nature's bounty and a rainfall ranging from 100 to 150 inches per year  

ensuring a very special place for the teas grown here. These teas are referred to simply 

as "Assam" and offer rich, full-bodied, bright tea liquor.  For those who favour a 

bright, strong cup of tea, Assam is "your cup of tea". Assam is the single largest 

contiguous tea growing area in the world. The Blue Mountains or the Nilgiris are 

situated in South India. They are a picturesque range of undulating hilly landscapes 

where tea is grown at elevations ranging from 1,000 meters to 2,500 meters. Rainfall 

varies from 60 inches to 90 inches annually. These conditions favour the fine, elegant 

flavour and brisk liquor of Nilgiri teas. The combination of fragrance and briskness 

makes Nilgiri a truly unique tea, the like of which can be found nowhere else in the 

world.  

Kangra tea is grown in the foothills of Himalayas in Himachal Pradesh, 

cultivated first in the Kangra valley of the region. Kangra Tea has floral aroma and 

great taste. These Kangra teas are famous for their wide varieties in taste, color and 

flavour. The generic name of tea „Thea‟ is from the Greek meaning goddess; 

„Sinensis‟ refers to its Chinese origin, although the origin of tea is still cloaked in 

mystery. The main medicinal property ascribed to this plant is antioxidative, reported 

in the many scientific literatures of the world as typical remedies by a decoction of its 

prepared leaves and bud (Mabe et al., 1999; Hitchen et al., 2004; Pajohk et al., 2006). 

In therapeutics, various kinds of tea matrices obtained from different grades/variety of 

tea - are most often employed in prophylactic purposes (Chakraborty, 1995) and in the 

formulation of plant derived elixir to protect human diseases (Misra et al., 2003; Carol 

et al., 2004). Scientists and medical practitioners generated maximum data for 

claiming the health benefits of tea consumption and many scientific experimental 

evidences support their claim.  

Antioxidants are substances that reduce damage due to oxygen, such as that 

caused by free radicals. Tea is well-known antioxidants which are capable of 

counteracting the damaging effects of oxidation. Mandal et al. (2010)
 
revealed that 

there has been increasing interest in finding plants with high antioxidant capacities 

since they can be responsible for the progression of many chronic diseases. Serafini et 

al. (1996) analyzed young tea shoots containing more than 35% of their dry weight in 

polyphenols. Non-fermented green tea contains predominantly flavonols, flavan-diols 

and phenolic acids like gallic acid, coumaric acid or caffeic acid, with those in green 
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tea is higher than those in black tea. Misra et al. (2008) reported that phenolic 

compounds that are present in young tea shoots are known to be one of the main 

factors in determining the quality of the resulting tea drink. The bioactive food 

component refers to nonessential bio-molecules which are present in tea, exhibit the 

capacity to modulate several metabolic processes that result in the promotion of better 

health. In the present day, it is very essential to assess the antioxidant activity of 

different grades and types of tea and also during cultivation to processed; because an 

important factor controlling bioactive content in plant-based foods is post-harvest 

processing, particularly drying. It is also required to judge the optimal concentration, 

persistence and thermo-stability of antioxidants, nutraceutical fate and bio-availability 

antioxidants present in tea. There are several diseases in which tea is used generally 

for therapeutic purposes by the ethnic people in the Tea Garden.  Therefore, the 

people depend on their traditional knowledge for the treatment of their ailments. The 

ethnic group of inhabitants has gathered this knowledge through trial and error, during 

their survival in such inhospitable environments for hundreds of years. Unfortunately, 

this traditional knowledge is masked under the light of modern medication and 

therapy. Although, recently the importance of plant based traditional medicine is 

being realized by the masses; people of different parts of the world have started 

recording and evaluating such herbal knowledge through assessing antioxidants as 

well as different pharmacological properties (Saha et al., 2011). Those who are unable 

to collect their staple foods or not getting the chance to take lunch every day; at least 

they consumed a cup of tea per day. Therefore,   tea is most popular drink and that is 

why necessary to evaluate antioxidant activity of tea under various agro-climatic 

conditions of North Bengal. But unfortunately, through literature survey, it has to be 

known that the tea of Terai, Dooars and Hills are almost untouched.  

In this context, the study was designed for in-depth analysis of antioxidant 

activities along with the quantity of bioactive phytochemicals of under-explored tea 

under various agro-climatic conditions of North Bengal especially a few selected TE 

in Terai, Dooars and Hills of Darjeeling and also the dynamic alteration of bioactive 

substances during processing.  

1.1 ORIGIN AND HISTORY OF TEA 

“Tea” is derived from “T”e – Amoy Language and CHA from Cantanese Language. It 

is native to South East Asia - China as early as 2737 BC, later on China People used 



5 

  

as medicine and became common beverage from fourth and seventh century. Dutch 

traders were introduced Tea to Europe in 1610 and became a popular drink in England 

in 1664. Robert Kyd experimented with Tea in Calcutta in 1780.  

1.2 DISCOVERY AND GROWTH OF TEA IN INDIA 

The event which marked the birth of the Indian tea industry was the discovery by 

Major Bruce in 1823, of the indigenous tea plants in Assam. Major Robert Bruce 

made friendship with a Singpho (a tribal community) Chief known as Bessagaum and 

obtained indigenous plants and seeds in 1823. The exact location was at a place near 

Sadiya in north east Assam, adjacent to Burma. In the following year, Robert Bruce 

showed the wild tea plants to his brother Charles Alexander Bruce. Some of these 

plants were sent down to the Botanical Gardens, Calcutta, where upon close 

examination they were pronounced to be of the same family, but not the same species 

from which the Chinese manufactured tea. But this discovery went unrecognized and 

no official action was taken at that time (Sarkar, 1984). Then in 1832, Lieutenant 

Charlton of the Assam Light Infantry at Sadiya, found similar tea plants growing in 

the jungle close to his garrison. He also sent some seeds and leaf samples of this 

Camellia to the Botanical Gardens, Calcutta. East India Company lost its monopoly of 

tea trade by the year 1833. When Parliament abolished the company's monopoly with 

China in 1833 they were ready to take some positive actions with regard to replacing 

that trade in some way. In January of 1834, Lord William Bentinck proposed to the 

Council of the East India Company, the setting up of a Tea Committee to investigate 

and make recommendations to the most suitable areas in which to grow tea. The Tea 

Committee decided to send their secretary G.J. Gordon to China in order to acquire tea 

seeds as well as tea makers and those familiar with the cultivation of the tea plant. 

Gordon left Calcutta in June 1834 on the sailing ship 'Water Witch' (Wilson et al., 

1992). The Tea Committee also decided to prepare suitable sites at chosen places in 

India where the imported China plant would flourish. This is the idea that, if 

successful, these experimental 'tea land' could later be handed over to private 

enterprise for future development. To this effect, the Government secured the services 

of Charles Bruce, and he was appointed as 'superintendent of tea culture' in 1835. The 

cultivation of tea in China was centuries old and it was also a large and flourishing 

industry; its secret had been jealously guarded by the Chinese people. For the 

Government, it was a bold undertaking to enter into competitions with that country 
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(Wilson et al., 1992). The committee was able to inform the Government, that the so 

called tea plant found near Sadiya was indigenous and was the true tea, Camellia of 

commerce, only after Gordon left to China for procuring tea seeds. The seeds brought 

by Gordon in 1835, were sent to the Botanical Gardens, Calcutta for germination. 

From this original consignment of 80,000 China seeds, the resultant 42,000 young 

plants were allocated to three main areas: 20,000 seedlings to the hill districts in 

Kumaon in North India; 2,000 to the hill districts of South India and the remaining 

20,000 to Upper Assam on the North East Frontier. 

Among the seedlings of China tea planted in different hill districts of North 

India, only those planted at Ghurwal and Sirmoor were met with any degree of 

success. Places like Ranchi, Dehra Dun and Kangra Valley never developed the tea 

plants on a large scale equivalent to the hills around Darjeeling. In South India, nearly 

all the plants sent to Nilgiri Hills died but those put out at an experimental farm near 

Ootacamund fared best. Seedlings planted in Wayanad were also successfully 

established, but tea was commercially planted in this region only after 1853.1t was 

planted alongside coffee and was only in the late 1890's large acreages of tea were 

opened in Wayanad (Wilson et al., 1992). 

Indigenous plants of Assam and the China plants were planted in North - East 

India on a trial basis. Dr. Wallich, assistant surgeon and botanist, Dr. McClelland, a 

geologist and Dr. William Griffith, a botanist were deputed by the tea committee for 

investigating the wild tea plants grew in the Upper Assam in the year 1835. They 

decided to plant China tea plants next to a plot of Assam indigenous tea plants, which 

were collected from the surrounding jungle by Charles Bruce, the superintended of tea 

culture. It was found that the Assam indigenous plants are thrived well than the sick 

China type. But the China plants were very prolific seed - bears and it caused rapid 

spreading of the plants (Wilson et al., 1992).  

1.3 TAXONOMY AND SYSTEMATIC POSITION:  

The genus Camellia with its 82 species belongs to the family Theaceae. All the tea 

clones in cultivation are botanically called C. sinensis (L) O. Kuntze, irrespective of 

species-specific differences. Tea is a heterogeneous plant with many overlapping 

morphological, biochemical and physiological attributes. Based on leaf pose and 

growth habitat, Kitamura and later Sealy identified two intra-specific forms of C. 
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sinensis (L.): the China variety, Camellia sinensis var. sinensis (L.) and the Assam 

variety, Camellia sinensis var. assamica (Masters) Kitamura. The grouping of tea into 

an erect small-leafed China variety and a horizontal broad-leafed Assam variety was 

rather subjective. Plants with intermediate leaf characteristics could not always be 

assigned to either of these two varieties. Relying mostly on characteristics of styles, 

(Wight, 1962) divided tea plants into C. sinensis (L.), C. assamica (Masters) and a 

third southern form of tea or Cambod race, the sub-species C. assamica sub species 

lasiocalyx (Singh,  2005). 

1.4 MORPHOLOGY OF TEA 

Evergreen shrubs or trees, C3 plants, leaves simple, alternate, serrate, flowers 

bisexual, regular; sepals and petals usually five, stamens many, anthers two celled, 

ovary superior, 2-4 locular, rarely solitary axile;  fruit capsule, seeds recalcitrant (loss 

viabilities on dry). Chromosomes 2n=30, diploid. Cultivated tea plants are cross 

pollinated, self incompatible, extent of selfing was varying between 6 – 40%; all these 

attributes are lowest in Assam type and highest in China type. Breeding depression is 

very high, leads to loss of vigour and quality. Hence self seeds for raising plants are to 

be avoided. 

1.5 MAINTENANCE OF FOLIAGE, PHOTOSYNTHESIS, BUD DORMANCY 

AND PRODUCTIVITY 

Permanent leaves kept retain on the bush below the plucking table constitute the 

maintenance foliage. A leaf does not attain full photosynthetic efficiency until it 

expands to more than half its maximum size. Young shoots grow at the expanses for 

the photosynthesis by the maintenance foliage. Adequate maintenance foliage is a 

must for high and sustainable productivity. The maximum life span of a tea leaf on a 

tipped primary is about ten months which remains on its peak of photosynthesis up to 

six months after full expansion beyond which aging starts and efficiency declined 

gradually. Top ten cm layer of the maintenance foliage on 20 cm tipped primary after 

pruning, giving about 70% of the crops. The optimum temperature for maximum 

photosynthesis is 25 – 30
o 

C, which was declined fast above 37
o 

C and no net 

photosynthesis at or above 42
o 

C, is observed. The lowest temperature for 

photosynthesis is about 10–12
o 

C, temperature above the level requires appropriate 

shade in North East India for higher productivity. Growing shoots are the strong sinks 
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and the maintenance foliage is the source. So, ideally, 2 leaves + Bud, and 3 leaves + 

bud are the best stages of plucking. The first start of bidirectional flow of 

photosynthate in North East India is mid-October and next bidirectional flow is May. 

The average flush period is 31 days and growth cycle is 57 days, four numbers of 

flushes can be obtained per year.   

1.6 CONCEPTS OF FREE RADICALS  

A free radical is defined as a molecular species which is capable of independent 

existence and posses an unpaired electron in its outermost atomic orbital. This 

unpaired electron results in presence of certain common properties that are shared by 

most of the radicals. These free radicals are highly unstable as well as highly reactive. 

They have the capability to either donate an electron or accept an electron from other 

molecules, therefore altering their native properties. The free radicals generated from 

oxygen are called reactive oxygen species (ROS) and those from nitrogen are termed 

as reactive nitrogen species (RNS). ROS includes various forms of activated oxygen 

molecules, such as superoxide (O
2• −

), hydroxyl (
•
OH) and peroxyl (ROO

•
), as well as 

non-free radicals hydrogen peroxide (H2O2) and singlet oxygen (
1
O2). Likewise, RNS 

includes nitric oxide (NO
•
) and nitrogen dioxide (NO2

•
) and free radicals such as 

nitrous acid (HNO2) as peroxynitrite (ONOO
−
) (Halliwell, 1994). These free radicals 

are generated under normal physiological conditions but become harmful when not 

being eliminated from the cellular systems. In fact, such imbalance between the 

production and elimination of reactive oxygen species in the cell system leads to a 

condition known as oxidative stress. After excessive accumulation, they attack vital 

biomolecules leading to cell damage and homeostatic disruption. The major targets of 

these free radicals are lipids, nucleic acids, proteins and carbohydrates (Aruoma, 

1994). The formation of free radical is a consequence of both enzymatic and non-

enzymatic reactions which occurs continuously in the cell system. Enzymatic 

reactions include those phenomena involved in the phagocytosis, respiratory chain, 

synthesis of prostaglandin also in the cytochrome P450 system (Lui et al., 2010) Free 

radicals can also be produced in non-enzymatic reactions between oxygen and organic 

compounds as well as those initiated by ionizing reactions. In the cellular system, free 

radicals can be derived from two sources either endogenous sources such as nutrient 

metabolism, ageing process etc or exogenous sources which include tobacco smoking, 

radiation ionization, pollution, organic solvents, etc. 
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Figure 1.1 Shikimate - acetate Pathway  

 

1.7 CONCEPTS OF PHYTOCONSTITUENTS PRODUCTION IN TEA 

Biosynthesis of polyphenols in tea plants is a combination of Shikimate and Acetate 

pathways depicted in Figure 1.1 and the classification of tea polyphenols was 

schematically represented in Figure 1.2. Flavonoids are derived from variety of simple 

poly-phenolic units. The hydroxylation pattern of β-ring of flavonoids and their 

different substitution are principally important for executing their bioactivity. They 

have a potential role in plant defense mechanisms, reproduction and antioxidants 

activity. 

 

 

 

 

 

 

 

 

 

More often polyphenols are found in vacuoles and tea leaf cell, epidermal layers are 

the sites of their oxidation which are performed by the enzyme Poly Phenol Oxidases. 

Flavonoids are probably turned over more slowly than floral pigments but there are 

good evidence that metabolism occurs. A pulse-labeling measurement on Kaempferol 

and quercetin glycosides in Cicer arietinum leaves clearly indicate the half life of 7 to 

12 days (Berlin et al., 1971). The early stage of the catabolism of flavonoids involves 

the addition of oxygen to the 2,3 – double bond to give a 2-hydroxy derivative. This 2, 

3-dyhydroxy flavonone is then undergoing ring-cleavage to give a substituted benzoic 

acid and a phloroglucinol derivative, which may not be detectable because of its 

immediate oxidation. Undoubtedly the end products are eventually returned to the 

atmosphere as respired CO2 (Figure 1.3). The catabolism of other leaf flavonoids has 

been less studied but it appears that flavonones may be oxidized by ring cleavage at 

the 2-position to 5, 7-dihydroxy chromones and hydroxy benzenes, which are then 
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Figure 1.2 Classification of tea poly phenols  

 

Figure1.3 Storage and degradation of polyphenol in plants, (Ø) Ring cleavage 

further broken down, in the same way, to give CO2 as their final fate. Alternatively, 

flavonones may undergo isomerisation to chalcones, which are then metabolized by 

the pathway: hydroxy cinnamic acid to hydroxy benzoic acid and converted to CO2.  

 

 

 

1.8 TEA IS A HEALTH ELIXIR/PANACEA 

Presently, scientists are very concerned about escalating occurrence of age related 
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diseases like hyperlipidemia, hypertension, hyperglycemia, cardiovascular diseases, 

and oxidation in rheumatoid arthritis (Carol et al., 2004). Tea extracts directly control 

pro-inflammatory signaling (Frank et al., 2006), green tea poly-phenols prevent toxin-

induce hepatotoxicity and black tea prevents cigarette smoke induced oxidative 

damage of proteins. It is reported that polyphenols decrease capillary fragility and 

likely to accumulate the flavonoids like vitamin-P during apoptosis, anti inflammatory 

and antiviral capacity anti-carcinogenic activity, alter enzyme activity affecting cell 

division, proliferation, platelet aggregation and immune response.  

The prophylactic function of tea poly-phenols has been established like: 

(i) Anti-oxidative action  

(ii) Radio-protective action  

(iii) Anti-mutagenic action  

(iv) Anti-tumor action  

(v) Enzyme inhibitory action  

(vi) Anti-hyperglycemic action  

(vii) Anti-hypercholesterolemia action  

(viii) Fat-reducing action  

(ix) Anti-hypertensive action  

(x) Anti-ulcer action  

(xi) Anti-bacterial action  

(xii) Anti-viral action (influenza)  

(xiii) Deodorant  

(xiv) Molueskcidal action  

Poly-phenols are a group of chemicals substances found in plants, characterized by the 

present more than one phenol group per molecule. Recent scientific studies of food 

research laboratory, Japan revealed that intake of at least three cups of tea has a 

variety of physiologically beneficial action which works to prevent the infection of 

pathogenic bacteria like H. pylori (Katsuhiro et al., 1999). Medicinal properties of tea 

have been widely established in past few years, tea as a popular health drink (Table 
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1.1) get special attention in the world, so 100% attention must be taken to make tea 

free from hazardous chemicals and residues that must be safe to human health and 

also for wild life.  

Table 1.1 Annual per capita tea consumption (Source: Tea Board of India) 

Country Per capita consumption/annum (kg) 

Ireland 2.69 

Turkey 2.56 

U.K. 2.33 

Morocco 1.40 

Sri Lanka 1.28 

Tunisia 1.25 

Japan 1.08 

New Zealand 1.03 

Pakistan 0.82 

India 0.64 

1.9 TEA CULTIVATION AT A GLANCE IN THE WORLD  

The Tea tree is indigenous to Eastern Asia and is now extensively cultivated in China, 

Japan, South Africa, Srilanka, Nepal, Indonesia and India. Areas under tea and per 

hectare production are listed in Table 1.2 and 1.3. Tea (Camellia sinensis) is one for the 

most important Agro industrial crops in India (Table 1.4).  

Table 1.2 Area under Tea: World & India (1000 hectares) (Source: Tea Board of 

India) 

Country 1998 2003 

China 382 518 

Srilanka 245 188 

Indonesia 111 155 

Kenya 077 131 

Japan 061 050 

Bangladesh 044 050 

Argentina 041 036 

Iran 032 035 

India 382 518 

Total 2264 2720 

The tea industry is a labour intensive job and as such, it generates employment for a large 

number of people. Also, tea is one of the top foreign exchange earning commodities of 

the country. Competition from Sri Lanka, Kenya and other countries notwithstanding, 

Indian tea is still sought after by the tea drinking community through the world.  

Being brought up in North Bengal which occupies such an important position as far 

as Indian tea is concerned.  
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Table 1.3 Average Yield/Hectare. (MTKHY) (Source: Tea Board of India) 

Country 1998 2003 

Srilanka 782 1611 

Indonesia 1118 1084 

Kenya 1049 2235 

Bangladesh 911 1137 

 

Table 1.4 Number of Tea garden in India (2003) (Source: Tea Board of India) 

State Big Small Total 

Assam 766 38371 39137 

Darjeeling 85 - 85 

Terai 63 845 908 

Dooars 158 387 545 

West Bengal 306 1232 1538 

North India 1194 43992 45186 

South India 404 56556 56960 

Total India 1598 100548 102146 

 

1.10 EXISTING KNOWLEDGE GAP 

However, the variation of chemical content, as well as antioxidant potentiality present 

in tea shoots in various agro climatic conditions of North Bengal, has not been studied 

so far. In this context, the study was designed for in-depth analysis of antioxidants and 

region wise seasonal variation along with the quantity of bioactive phytochemicals of 

under-explored tea of Darjeeling Himalaya, Dooars and Terai and also the dynamic 

alteration of bioactive substances during industrial processing particularly processed 

intermediate and grades of tea. 
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2. LITERATURE REVIEW  

Tea [Camellia sinensis (L.) O. Kuntze] is one of the world‟s oldest panaceas. The tea 

plant was first discovered by the ancient Chinese, who then spent many centuries 

perfecting the art of tea cultivation to manufacturing, which resulted in a variety of 

types available today. Tea-elixir is drunk in almost every country around the world 

and has reached a ceremonial status as a social and medicinal beverage (Helliwell et 

al., 1999). 

2.1 EARLY HISTORY OF TEA CULTIVATION 

The first attempt of tea cultivation in Darjeeling dates back to January 1834 when 

Lord Willam Bentinck proposed, to the Council of the East India Company, setting up 

of a tea committee to investigate and make recommendations on the suitability of tea 

cultivation in India. The tea committee decided to send their secretary G.J. Gordon to 

China in order to acquire tea seeds and some tea workmen familiar to tea cultivation 

and manufacture. From this original consignment of China seed around 42,000 young 

plants could be raised which were allocated to three main areas, 20,000 to the hill 

districts in the Kumaon in North India, 2,000 to the hills of South India and the 

remaining 20,000 to the then North-East (N.E.) frontier. Out of this initial trial, seed 

tried in Darjeeling grew well. As per the available records one Dr. Campbell, a civil 

surgeon, planted tea seeds in his garden at Beechwood, Darjeeling 2100 m above 

mean sea level (amsl) as an experiment with reasonable success. Subsequently the 

Government, in 1847, selected the area to raise tea nurseries. With the plants raised in 

the government nurseries, the first commercial tea gardens in Darjeeling hill area were 

Tukvar, Steinthal and Aloobari tea estates in 1852 (Pathak, 2004). 

2.2 TAXONOMY OF TEA 

The grouping of tea into an erect small-leaf China variety and a horizontal broad-leaf 

Assam variety was rather subjective. Plants with intermediate leaf characteristics 

could not always be assigned to either of these two varieties. Relying mostly on 

characteristics of styles, Wight (1962) divided tea plants into C. sinensis (L.), C. 

assamica (Masters) and a third southern form of tea or Cambod race, the sub-species 

C. assamica ssp. Lasiocalyx.  

In the Indian sub-continent, the classification proposed by Wight (1962) is 

popular. Otherwise, the practice world over is to put tea plants under the name C. 
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sinensis (L.) O. Kuntze, irrespective of taxonomic variation. Reference to varieties is 

however still common; China, Assam and Cambod varieties are generally referred to 

as C. sinensis, C. assamica and C. assamica ssp. lasiocalyx, respectively (Banerjee, 

1992). There are no absolute crossing barriers within the genus Camellia, creating the 

possible involvement of taxa other than C. assamica, C. sinensis and C. assamica ssp. 

Lasiocalyx in the tea genetic pool of particular interest is the suspected involvement of 

Camellia irrawadiensis Barua (Kondo, 1977). This sexual compatibility of C. sinensis 

with other Camellia species provides the potential for the introduction of other 

desirable genes into the C. sinensis gene pool. For example, using this breeding 

strategy, resistance to a wider range of pests can be obtained. Besides a few natural 

triploids, the chromosome number of all varieties of C. sinensis studied is 2n = 30 

(Bezbaruah, 1971; Kondo, 1977). 

2.3 PRESENT SCENARIO OF TEA CULTIVATION 

Tea plantation of North Bengal is spread over three regions – the Darjeeling hills, its 

Terai region, and the plains of the Dooars. North Bengal produced some 10, 85,300 

kgs of tea in March 2006. According to the statistics of Tea Board of India, there are 

308 big and 1232 small tea gardens in North Bengal. Total area under tea is 5, 19,700 

hectares and in 2005, total production of tea was 927.98 million kilograms. At present, 

there are 86 running gardens producing „Darjeeling Tea‟ on a total land of 19,000 

hectares. The cool and moist climate, the soil, the rainfall and the sloping terrain all 

combine to give Darjeeling tea its unique "Muscatel" flavour which is regarded as the 

"Champagne of Teas".  The total annual production of such tea is in the range of about 

10 to 12 million kilograms. Tea grown in the Darjeeling foothills, Terai and the 

Dooars plains are mostly high yielding clones.  

Each tea growing region has its own distinctive features. During last three 

decades, several changes have taken place in the agronomic practices, which have also 

magnified our quality of tea.  

2.4 CONCEPT OF FREE RADICALS 

Free radicals are molecular fragments containing one or more unpaired electrons in 

the outer orbit. These fragments are unstable and usually give a significant degree of 

reactivity. Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are 

expressed as free radicals and other non-radical reactive derivatives (Ghosal, 2014). 
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These radicals are less stable, and generally stronger than non-radical species (Pham-

Huy et al., 2008; Ghosal, 2014). Free radicals are generated from molecules by the 

homolytic division of chemical bond and via redox reactions, and once formed these 

highly reactive radicals can start chain reaction (Bahorun et al., 2006; Valko et al., 

2007). ROS includes superoxide (O
2• −

), hydroxyl (
•
OH), peroxyl (ROO

•
), lipid 

peroxyl (LOO
•
), alkoxyl (RO

•
) radicals. Nitrogen free radicals consist of nitric oxide 

(NO
•
) and nitrogen dioxide (NO2

•
). Oxygen and nitrogen free radicals can be readily 

transformed to the other non-radical reactive species which are also harmful to health. 

Hydrogen peroxide (H2O2), singlet oxygen (
1
O2), ozone (O3), hypochlorous acid 

(HOCl), nitrous acid (HNO2), peroxynitrite (ONOO
−
), dinitrogen trioxide (N2O3), 

lipid peroxide (LOOH) are not the free radicals and generally named oxidants and can 

easily lead to the free radical reactions in living organisms. The above reactive species 

are formed in animals under physiological and pathological conditions (Halliwell and 

Gutteridge, 1999; Fernandez et al., 2002; Valko et al., 2007; Pham-Huy et al., 2008).  

Free radicals are formed from both endogenous and exogenous substances. 

They are continuously forming in the cells and environment. Free radical reactions 

take in three different individual steps: formation of radicals then propagation step 

where free-radicals are reproduced with repeated chain reaction and lastly termination 

step in which destruction of radicals occur (Ghosal, 2014). 

ROS and RNS play a dual role in human beings, toxic and beneficial 

compounds. The slight balance between their two opposite effects is unquestionably a 

key aspect of the life (Sen et al., 2010). At low or moderate levels, these reactive 

species exert beneficial effects on cellular redox signaling and immune function; on 

the other hand at high concentration, they produce oxidative stress which is a harmful 

process that can damage cell function and structures (Pham-Huy et al., 2008; Sen et 

al., 2010). 

2.5 ANTIOXIDANT MECHANISM OF ACTION 

The efficacy and biological action of antioxidant molecules vary with homogeneous 

nature of the cellular system. So mechanism of action of antioxidants has changed 

with the chemical atmosphere. Natural antioxidants in biological mechanisms may 

serve as a physiological barrier to prevent generation of reactive oxygen species 

(ROS) access to important target sites (Ghosal, 2014). Occasionally antioxidants like 
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carotenoids or anthocyanidins develop a chemical trap that absorbs energy and 

electron and quenching with ROS. Antioxidant enzymes like catalase; glutathione 

reductase and superoxide dismutases neutralize or divert ROS through catalytic 

mechanisms. Sometimes binding or chelation of metal ions by ferritene ceruloplasmin 

and catechin prevents generation of ROS. Besides this, there also chain breaking 

antioxidants such as ascorbic acids, tocopherol, uric acid, glutathione and flavonoids 

(Benzie and Strain, 1996) which scavenge and destroy ROS. It is also important to 

understand the mechanism and pharmaco-dynamics of antioxidant action for 

appropriate selection of antioxidants. The quantitative structure activity relationship is 

determined by chemical nature of antioxidants and governed by chemical reactivity 

towards free radicals and their stoichiometric ratio, fate of antioxidant derived radicals 

interaction with other antioxidants concentration and mobility at a particular 

microenvironment along with absorption, distribution, retention, metabolism and fate 

of antioxidant molecules in a particular biological system (Niki, 2010). Some 

antioxidants are present in free form while the others are existing as a metabolic 

intermediate in bound form. Hydrophilic antioxidants like ascorbic acid or uric acid 

scavenge the free radicals primarily in the aqueous phase. The biological action of 

lipophilic antioxidants is mainly observed within the membrane and lipoprotein. The 

efficacy of radical scavenging by antioxidants in the membrane and lipoprotein 

particles depend on physical nature like the fluidity of micro-environment and relative 

mobility of antioxidants. Such as peroxyl radical scavenging capacity by α-tocopherol 

in the membrane is irrelevant than that of homogeneous solution probably because of 

restricted mobility of α-tocopherol (Ghosal, 2014). It was also noticed that the side 

chain of lipophilic antioxidants reduces the mobility inside the membrane and 

lipoprotein, thus minimizing the apparent antioxidant capacity. It was previously 

reported that the radical scavenging capacity of ubiquinol didn‟t depend on the length 

of isoprenoid chain in homogeneous solution, but in heterogeneous membranes 

ubiquinols having short side chain significantly inhibit lipid peroxidation than their 

longer side chain homolog (Niki, 2010).  

 Some free radical scavenging antioxidants also inhibit oxidation of bio-

molecules by synergistic co-operation with other antioxidants. The examples of the 

synergistic antioxidant interaction are efficient combination of vitamin C and vitamin 

E during oxidative stress. Vitamin E also induces another chain oxidation during 
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scavenging of active free radicals by converting into vitamin E radical through which 

polyunsaturated lipids may be disrupted. Vitamin E also enhances the oxidation of 

isolated LDL and plasma lipids by phase transfer mechanism but combination of 

Vitamin E and vitamin C inhibit their oxidation completely. In contrast, another 

hydrophilic radical scavenging antioxidant uric acid present in plasma does not reduce 

vitamin E radical and inhibit pro-oxidants action of vitamin E. Phenoxy radical from 

polyphenolic antioxidants available in different medicinal plants having hydroquinone 

and catechol structure reacts rapidly with active oxygen and produces corresponding 

quinone and hydroperoxyl radical, which may elicit new chain reaction. It was also 

observed that ubiquinol and tocopherol hydroquinone undergo auto-oxidation in vitro. 

The reactivity of these hydroquinones towards free radical is larger than the α-

tocopherol. So, the fate of antioxidant derived radical ultimately determines radical 

scavenging capacity in biological system (Ghosal, 2014).  

2.6 SYNTHETIC ANTIOXIDANTS 

Synthetic antioxidants are not available in nature and frequently mixed with food 

products as preservative to prevent the lipid peroxidation. Primary antioxidants stop 

the generation of free radicals and they are classified into free radical terminators, 

oxygen scavengers and chelating agents. The radical terminators include butylated 

hydroxytoluene (BHT), butylated hydroxyanisole (BHA), tertiary butyl hydroquinone 

(TBHQ) and gallates (Ozkan and Erdogan, 2011). Oxygen scavengers is glucose 

oxidase, sulphites and ascorbyl palmitate, while chelating agents are known as 

transitional heavy metal like iron, copper with incompletely filled d-orbital. Secondary 

antioxidants like thiodipropionic acid and dilauryl theodipropionate act by breaking 

down hydroperoxides formed during lipid oxidation and produce stable end products 

(Sen et al., 2010). Many antioxidants found in plants and are also prepared 

synthetically through different chemical processing i.e. gallic acid. These phenolic 

synthetic antioxidants have the similar common biological effect on molecular, 

cellular and organ levels (Kahl, 1984; Venkatesh and Sood, 2011). Commonly used 

synthetic antioxidants like BHT, BHA, ethoxyquinone and propyl gallate can produce 

beneficial interactions such as antimutagenic activity and antitumorigenic action, 

radioprotection, protection against acute toxicity of chemicals (Kahl, 1984). Besides 

the beneficial impacts of synthetic antioxidants, these chemicals also have some 

adverse side-effects, like they play a key role in radio sensitization, enhanced toxicity 
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from other chemicals, increased tumor yield from chemical carcinogens and increased 

mutagenic activity (Venkatesh and Sood, 2011).  

2.7 THERAPEUTIC & CHEMICAL CHARACTERISTICS OF TEA 

Scientists are very concerned about escalating the occurrence of age related diseases 

like hyperlipidemia, hypertension, hyperglycemia and cancer. Tea extract directly 

control pro-inflammatory signaling. Daily consumption of green tea prevents the 

incidence of cancer (Tamara, et al., 2004). Black tea polyphenols prevent pollutant 

induced hepatotoxicity (Chen et al., 2004), delay skin ageing, act against oxidation in 

rheumatoid arthritis (Carol et al. 2004), attenuate lung injury in pleurisy (Paole et al., 

2005), act against H. pylori (Mabe et al., 1999), cardiovascular diseases (Hitchen et 

al., 2004), radiation induced skin toxicity (Pajohk et al., 2006) and smoke induced 

damage in protein (Misra et al., 2003). Mandal et al. (2010) revealed that there has 

been increasing interest in finding plants with high antioxidant capacities since they 

can escalate the progression of many chronic diseases. Serafini et al. (1996) analyzed 

young tea shoots which contain more than 35% of their dry weight in polyphenols. 

Also, tea polyphenols decrease capillary fragility, which is likely to accumulate the 

flavonoids like vitamin-P during apoptosis. Nonfermented green tea contains 

predominantly flavonols, flavan diols and phenolic acids like gallic acid, coumaric 

acid or caffeic acid, with those in green tea is higher than those in black tea. Misra et 

al. (2008)
 
reported that phenolic compounds that are present in young tea shoots (also 

referred to as fresh green leaves, fresh tea shoots, or flushes) are known to be one of 

the main factors in determining the quality of the resulting tea drink.  

Processed tea that is widely consumed now as popular health drinks or 

beverages commercially manufactured from the young tender leaves of the tea plant 

(Cabrera el al., 2003). Tea elixir has continued to be considered as medicine since the 

ancient time because of its richness in phytochemical constituents (Misra et al., 2016). 

Research on the effects of tea on human health has been fuelled by the growing need 

to provide natural healthy diets that include plant derived polyphenols. Research is 

going on to elucidate how functional component in tea cultivar could expand the role 

of diet in oxidative disease prevention and treatment (Misra el al., 2003. Hitchon et 

al., 2004, Marian et al., 2004, Pajohk et al., 2006). There is evidence that tea 

constituents play a therapeutic role in more than sixty different health conditions 

(Pandey et al., 2005, Vanessa et al., 2004, Yamamoto et al., 2004, Paola et al., 2005, 
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Hang et al., 2003 and Hakim et al., 2004). Therefore tea appears to be an effective 

chemopreventive agent for toxic chemicals which are produced in the body during 

normal metabolic pathways or introduced from the environment. Many plant 

phenolics have been reported to have antioxidant properties that are even much 

stronger than vitamin-C and E (Karori et al., 2007). In addition, currently available 

synthetic antioxidant like BHA, BHT and gallic acid esters have been suspected to 

initiate negative side effects (Amie et al., 2003, Aquil et al., 2006) and hence the need 

to substitute them with natural antioxidants like that from tea with broad-spectrum 

action. Information on the tea antioxidant properties varies in tea cultivar and degree 

of leaf maturation, which are rare and grossly lacking (Misra et al., 2016). The 

antioxidants quality with some chemical constituents of tea cultivars is correlated with 

soil agronomic parameters for determining better cultivation practices to restore the 

antioxidant quality of tea (Misra et al., 2016). 

The flavonoids act as anti-viral (influenza), anti-bacterial, anti-mutagenic, 

molluscicidal, deodorant and alter enzyme activity affecting cell division, 

proliferation, platelet aggregation and immune response. Such therapeutic properties 

of tea are most likely due to the presence of significant amount of polyphenols like 

catechins, gallocatechin, epicatechin, epigallocatechin. epigallocatechin-3-gallate, 

theaflavins, thearubigins, flavonols and their glycosides, gallic acid, chlorogenic acid, 

non flavonoid hydrolysable tannins etc which are known to protect against oxidants. 

There were studies related to the chemical composition of tea shoots and its 

constituent catechins are best known for their antioxidant properties, which has led to 

their evaluation in a number of diseases associated with reactive oxygen species 

(ROS), such as cancer, cardiovascular and neurodegenerative diseases. Several 

epidemiological studied by Yang et al. (2002) as well as studies in animal models 

have shown that green tea can afford protection against various cancers such as those 

of the skin, breast, prostate and lung. The free radicals e.g. reactive oxygen species 

(ROS), reactive nitrogen species (RNS) and other radical-centered species, e.g. S- and 

C-, abstract hydrogen (H) from hydrogen donors (polyphenols) and accept an electron 

from electron rich species. Hence, they act as oxidants and responsible for oxidative 

stress in aerobic organisms (Halliwell et al., 1999). Natural antioxidants are 

commonly used to counter the deleterious action of free radicals (Ghosal, 1991). 

Radical scavenging can be considered as the principal mechanisms of the anti 



22 

  

oxidative property of flavonoids. Flavonoids are highly effective scavengers of all 

types oxidizing radicals (Bors et al., 1996). The radical scavenging activity is directly 

correlated with the number of phenolics OH groups in the flavonoid molecules. The 

flavonoids protect vitamin-C against oxidation (Bentsath et al., 1936). The synergistic 

interaction of flavonoids with vitamin-C is documented (Sarata et al., 1988) in Citrus 

fruit. Therefore the roles of flavonoids are very important to regenerate the antioxidant 

activity of vitamins in the tissues. According to Hudson and Levis (1983), the 

chelating ability of flavones and flavonone type molecules are OH group at C5 and C3 

position, methoxy group at the C4 position and a double bond between C2-C3. The 

chelation of metal ions can be facilitated by the OH groups and therefore these 

molecules limit the metal catalyzed the degradation of hydroperoxides. The 

hydroxylation pattern of β- ring and different substitution of flavonoids (polyphenol), 

are principally important for executing their bioactivity. Tannin also has a potential 

role as an antioxidant. Electron Paramagnetic Resonance (EPR) experiments 

demonstrated the quenching activity of singlet oxygen, super oxide, hydroxyl radical 

by the tea extract. The f1avonoids are 20 times more powerful antioxidants than 

vitamin.-C in lipoprotein oxidation model. Their efficacy was evaluated by battery test 

which indicated that they can inhibit hydro peroxide formation and their scavenging 

property has been tested against a spectrum of super oxide radicals (offensive oxidant) 

and other free radicals. They exhibit modifying influence on the protein 

phosphorylation process and different catalytic activity of many enzymes especially 

the oxidative ones. They prevent the metal-catalyzed free radical formation caused by 

Cu and Fe chelate. Flavonoids do not quench with beta-carotene, Vitamin C and E 

mediated endogenous antioxidant protections system of the body. The increasing 

interest of alimentary application (i.e. dietary, nutraceuticals, flavouring agent etc) of 

tea matrices rich in antioxidants is due to the possible correlation between oxidant 

action of free radicals and the onset of some important pathologies (Misra et al., 

2016). Scavenging of antioxidants from the plant matrices can be used in the 

nutritional industry for the formulation of preventive phytochemicals in future. Strict 

legislation on the use of synthetic food additives and consumer preferences has also 

shifted the attention from the toxic synthetic to less toxic natural antioxidant.  

A few authors considered the accumulation of polyphenols in plant system and 

correlated their data with the agro-climatic conditions. It has been observed that 
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nitrogen and phosphorus deficiency usually increase polyphenol level in plants 

(Horborne, 1980). High nutrients of soil enhance the level of bioactive phenolics as an 

antioxidant in cabbage (Kim et a1. 2004) and high level of potassium usually reduced 

the amount of theaflavins and thearubigins in leaves, which could lead to reduction in 

tea quality (Devchoudhury et a1., 1988). In 1969, Willson claimed that the quality 

was reduced with increasing level of nitrogen, no change with potash and an 

improvement was observed with increasing phosphate status. The effect of different 

NPK status of soil, changes the amount of 32 volatile flavouring components, 

theaflavin and thearubigin and caffeine in black tea (Wuor et a1., 1987). The effect of 

nitrogen increases the level of tannins in the four leaf flush (Lorntadze et al., 1986), 

also increased the level of phosphate and nitrogen enhanced the amount of tannins and 

catechins in tea (Salukvadze,  1980). Though Zyrin et al. (1987) stated that the 

conjugate application of phosphate and potash applications unchanged the level of 

tannins. The quality of tea is reduced by high status of nitrogen and potash and 

improved by the high status of phosphate only and high status of all nutrients reduced 

the quality again (Sugianto, 1985). 

Human civilization is going under serious crisis. The crisis is workload and 

social/professional pressure due to a better lifestyle and more comfortable life leading. 

The ultimate result of this is oxidative stress which is converted into metabolic 

disorders such as atherosclerosis, cataracts, cancer and osteoarthritis (Misra et al., 

2007). Excess oxidative stress might produce many free radicals which are the main 

cause of oxidation of lipids, DNA and protein. There are many evidences which can 

prove that antioxidants might prevent the primary ageing processes, as well as many 

of the age-associated secondary pathological complications. It has been recorded that 

the consumption of a higher amount of tea and fruits along with vegetables reduced 

the risk of degenerative diseases like cancer as well as atherosclerosis and the dietary 

flavonoids can restore a range of oxidative radical damage sustained by DNA 

(Anderson et al., 2000). There is no confusion that the antioxidants present in tea are 

the best solution for oxidative stress-mediated disorders. Now-a-days, synthetic 

medicines were frequently consumed for rapid recovery from different disorders. But 

these synthetic medicines generate lots of trouble-shooting side effects and sometimes 

accelerate apoptosis in our body. So the question has now arisen regarding the 

therapeutic application of different synthetic medicines for all kinds of disorders. In 
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this context, it should be noted that disease protection is better than cure. Several 

recent studies have already indicated that antioxidant molecules might play an 

important role in disease protection, particularly when it is associated with lifestyle 

mediated disorders. But sufficient care should be taken before consumption of 

antioxidants, particularly when they are synthetic or derived from semi-synthetic 

procedures; regarding their toxicity, bioavailability, metabolic fate, and accumulation 

inside body and side-effects both for shorter and longer term.  One of the main side 

effects of these synthetic drugs for long term use is drug addiction and resistance. 

Synthetic antioxidants are now compiled with several drugs for minimizing oxidation 

process, as well as they are also used in food as preservatives through which adverse 

effects of synthetic antioxidants might be generated in the biological system. These 

adverse biological effects occur on modulation of growth and immune response and 

interfere with oxygen activation in the body. Due to their toxic effect, a few 

antioxidants like BHA, BHT, PG and TBHQ are currently permitted for their usage in 

food as preservatives. A well-known degradation products of BHT i.e. tert-

butylhydroquinone (tBHQ) which is used for stabilization and preservation of 

freshness, nutritive value, flavour and colour of animal food products, is known to 

exert a carcinogenic effect by causing oxidative damage of DNA . 

Antioxidants are almost universal in normally consumed herbal food products, 

they are pre-existing compounds in the form of natural secondary metabolites; and 

sometimes are also required during processing of synthetic antioxidants. As long as 

they are consumed in moderate concentration, natural antioxidants have been proven 

to have several positive health effects as compared to their synthetic counterparts 

(Daniel, 1986). The food which are used by common people, serve as a nutrient. Side 

by side if these foods would have been used for nutraceutical and antioxidant purpose 

then the problem of oxidative stress mediated disorders might be resolved. Recently it 

has been conceptualized that ideal food should have all the required nutrients as well 

as nutraceutical and antioxidant principles (Danesi, 2009). The bioactive food 

component refers to nonessential bio-molecules which are present in tea, exhibit the 

capacity to modulate several metabolic processes that result in the promotion of better 

health. The ethnic group of inhabitants has gathered this knowledge through trial and 

error, during their survival in such inhospitable environments for hundreds of years. 

Unfortunately, this traditional knowledge is masked under the light of modern 
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medication and therapy. Although, recently the importance of plant based traditional 

medicine is being realized by the masses. People of different parts of the world have 

started recording and evaluating such herbal knowledge through assessing 

antioxidants as well as different pharmacological properties (Saha et al., 2011). Those 

who are unable to collect their staple foods or not getting the chance to take lunch a 

day but they consumed a cup of tea per day. 

 

 

 

 

Regular consumption of tea may contribute to the daily dietary requirements of 

several elements and tea could be an important source of manganese and a large 

amount of potassium in comparison with sodium that could be beneficial for 

hypertensive patients (Misra et al., 2016). 

Figure 2.1 Catechin structures. (A) General structure of a Catechin. (B) 

Structures of the 12 tea catechins. 
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It has been reported that phenolic compounds that are present in young tea 

shoots (also referred to as fresh green leaves, fresh tea shoots, or flushes) are known to 

be one of the main factors in determining the quality of the resulting tea drink (Misra 

et al., 2008). There were studies related to the chemical composition of tea shoots and 

its constituent catechins are best known for their antioxidant properties, which has led 

to their evaluation in a number of diseases associated with reactive oxygen species 

(ROS), such as cancer, cardiovascular and neurodegenerative diseases. The natural 

polyphenols in orthodox tea include (-)-epigallocatechin-3 gallate (EGCG), (-)-

epigallocatechin (EGC), (-)-epicatechin-3-gallate (ECG), and epicatechin (EC). Other 

minor catechins, (+)-gallocatechin (GC), (-)-gallocatechin gallate (GCG), (-)-catechin 

gallate (CG) and (+)-catechin (C) are also present in tea. The highest concentration is 

of EGCG followed by ECG, EGC and EC in decreasing order (Nakabayashi et al., 

1991). The general structure of a catechin (A), structures of the 12 tea catechins (B) 

and Retro Diels-Alder fragmentation of a catechin (Daniel et al., 2000) is given in 

Figure 2.1 & 2.2. 

 

 

2.8 ASSESSMENT OF FREE RADICALS SCAVENGING ACTIVITY 

The functional properties of antioxidants are different in response to various oxidant 

sources. Free radicals involved in the oxidative stress have different physiochemical 

and biological properties within the cell. Therefore no single assay accurately reflects 

the antioxidant potential of a particular molecule against all radical sources (Huang et 

al., 2005). 

Figure 2.2 Retro Diels-Alder fragmentation of a catechin  
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 The major free radicals that react predominantly with lipids, protein, 

carbohydrates and DNA are hydroxyl, alkoxyl, peroxyl, superoxide, nitric oxide along 

with sulfur and nitrogen cantered radicals. On the basis of inactivation mechanisms 

performed by major antioxidants, the reaction methods have been categorically 

differentiated into two groups: hydrogen atom transfer (HAT) reaction and electron 

transfer (ET) reaction (Karadag et al., 2009). HAT based methods quantify 

antioxidant ability to scavenge free radicals by donating hydrogen and subsequent 

formation of the stable compound. They are considered as radical chain breaking 

antioxidant capacity (Prior et al., 2005). ET based method detect the ability of 

antioxidant potential through the capacity to transfer one electron by reducing any 

compounds like metals, carbonyls and radicals (Ghosal, 2014).  

M(III) + AH → AH ̇ + M(II) 

Some methodical strategies are available for determining reaction which 

includes measurement at a fixed time, measurement of a reaction rate, lag phase 

measurement of end point change and integrated rate measurement with different 

orders of reaction kinetics (Antolovich et al., 2002). In general, added antioxidants 

components with probes for the radicals are retardation of the oxidation of probe. 

Assays with these features include total radical antioxidant trapping assay (TRAP) and 

oxygen radical absorbance capacity (ORAC) assay (Huang et al., 2005; Ghosal, 

2014). These assays have the following attributes: 

1. Thermo-labile azo-radical initiator which produces radical (R ̇) that react fast with 

oxygen give steady flusk of ROO ̇ radical . 

2. Oxidizable molecular probe (UV/fluorescent for monitoring reaction process) 

3. Antioxidants 

4. Kinetic parameters of reaction (Magalhaes, 2008; Ghosal, 2014). 

Other test includes carotenoids bleach via auto-oxidation induced by heat or 

peroxyl radicals (e.g. oxidized lipids). The assay measures decrease in the rate of β-

carotene or decay of crocin probe by tea antioxidants. End point loss of colour was 

measured optically at 443 nm in phosphate buffer (pH 7.0) (Laguerre et al., 2007). 

The major advantage is that the kinetic approach in the measurement allows the 

determination of total inhibitory effect and provides more precise evaluation and 
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efficiency of antioxidant defense (Roginsky and Lissi, 2005). Although β-carotene is 

often used as a target in this assay, its discoloration at 470 nm can accomplish by 

multiple pathways. Consequently, interpretation of these results can be difficult. For 

overcoming this problem, carotenoid derivative protein which is natural compound 

with extremely strong absorbance in visible range has become the reagent choice 

recently (Prior et al., 2005).  

The antioxidant capacity of a compound can be determined by two factors i.e. 

kinetics of scavenging radicals and number of radicals each antioxidant molecule can 

scavenge. These two attributes can be determined by the reaction with reference free 

radical like 2,2-diphenyl-1-pyicrichydrazyl (DPPH) and cationic radical ABTS. DPPH 

is long lived organic nitrogen radical with deep purple colour. Also DPPH is 

commercially available, stable, easy to handle and has a long visible spectrum with 

high molar extinction coefficient. The purple chromogenic DPPH radical is reduced 

by antioxidant compounds to the corresponding pale yellow hydrazine. The DPPH 

assay is technically simple and rapid and analyses of a large number of samples could 

be made by using microplate (Fukumoto and Mazza, 2000). ABTS, on the other hand,   

is a peroxidase substrate which is intensely coloured and spectrophotometrically 

monitored within the wavelength range of 600-750 nm. ABTS ̇ 
+
 can be solubilized in 

both organic and aqueous media and is not influenced by ionic strength; therefore the 

antioxidant capacity can be determined for both lipophilic and hydrophilic compounds 

(Arnao, 2000). In contrast DPPH can only be dissolved in organic media which is an 

important limitation for interpreting the role of hydrophilic antioxidants.  

It is generally observed that a potent radical scavenging antioxidant can often 

behave like efficient reductant. The ferric reducing antioxidant power (FRAP) assay is 

based on the ability of an antioxidant to reduce ferric tripyridyl triazine complex 

(FeIII-TPTZ) to blue ferrous complex (FeII-TPTZ) by the action of electron donating 

capacity (Benzie, 2003). Here, ferric salt is used as an oxidant and redox potential is 

comparable to that of ABTS. FRAP assay is rapid, inexpensive, robust and does not 

require specialized equipment. The major limitation of this assay is that the ultimate 

product is a complex of Fe(II)
+

 which is also known as pro-oxidant. The ferrous ion 

can react with H2O2 to produce hydroxyl radical (OH )̇ which is most harmful free 

radical found in biological system. Ultimately not all reductants that are able to reduce 

Fe(III)
+
 are potent antioxidants (Prior and Cao, 1999). In addition FRAP cannot detect 
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compounds that act by radical quenching (hydrogen transfer) particularly applicable 

for thiols and proteins (Ou et al., 2002). Sometimes polyphenols may bind to metal 

ions and form complex, which may perform another function of polyphenolic 

compounds as an antioxidants. 

The assay methods so far discussed are particularly applicable on hydrophilic 

or hydrophobic targets. But lipids like free and esterified forms of polyunsaturated 

fatty acids and cholesterol are the sensitive target of free radicals. From different 

investigations, it was proved that peroxidation of membrane lipid induces disturbance 

and dynamic alteration of membrane functions. Obviously, it is also an essential task 

for scavenging antioxidants to suppress lipid peroxidation. One of the major 

advantages of lipid peroxidation of plasma is that both hydrophilic and lipophilic 

antioxidants and their interactions can be assayed through the biologically relevant 

system. The capacity of antioxidant for inhibition of lipid peroxidation can be assayed 

by determining the extent of suppression of peroxidation by the test antioxidants. In 

fact in this assay, the thiobarbituric acid reactive substances (TBARS) or 

malonaldehyde generation can be determined precisely through chromogenic 

reactions. TBARS in biological system can also be acceptable as biomarkers of 

oxidative stress. Overall it can be stated that elucidation, understanding and evaluation 

of antioxidant action can only be possible through determining several radical 

scavenging species by different in vitro and in vivo assays and understanding the 

correlation among them (Ghosal, 2014).      

2.9 QUANTITATIVE VARIATION OF ANTIOXIDANT ACTIVITY WITH 

SOIL NUTRITIONAL PROPERTIES 

Effects of various environmental factors on the accumulation of secondary metabolites 

were well known and documented elsewhere in this review, but only limited studies 

covering the response of secondary metabolites and antioxidant activities under 

different soil nutrient sources (Ibrahim et al., 2013). Recent research has uncovered 

the fact that the availability of plant nutrients can be important factors for elicitations 

of secondary metabolites and antioxidants within plants (Stewart et al., 2000). Mineral 

nutritional status and physical properties; generally pH, EC and micro-nutritional 

properties of soil greatly influence the phytochemical constituents present in different 

plant parts (Mandal et al., 2010). Macronutrients of soil like nitrogen, phosphorus, 

potassium and sulfur interfere with the biosynthesis of phenolic compounds produced 
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through phenylpropanoid pathway (Coria-Cayupan et al., 2009). Interestingly while 

the enrichment of nitrogen, phosphorus, potassium and calcium in soil through 

fertilizer application have been shown to affect secondary metabolites production in 

some plants (Kraus et al., 2004), there are other plants also where polyphenol 

accumulation was not significantly influenced by mineral nutrition (Mogren et al., 

2006). So, intensive research is required for determining the influential parameters of 

soil macronutrients on the biosynthesis and metabolic fate of antioxidant molecules. 

Among macronutrients of soil, nitrogen is one of the most important growth factors in 

regulating the quality and target plant parts. Nitrogen supply and accumulation in soil 

have both positive and negative effect on the biosynthesis of phenylpropanoids in 

plants. The enhancement of total plant phenolics and flavonoid compounds under 

limited nitrogen fertilization was previously reported (Koricheva et al., 1998; Felgines 

et al., 2000). Improvement of carbon based secondary metabolites under poor nitrogen 

soil condition was in agreement with Carbon Nutrient Balance theory proposed by 

Bryant et al. (1983). The increase in polyphenol based antioxidant molecules under 

low nitrogen condition might be attributed to the excess availability of unutilized 

phenyl alanine due to restricted protein synthesis under nitrogen deficiency (Awad 

and de Jager, 2002). Reduced nitrogen fertilizer also increased glutathione which has a 

strong correlation with total phenolics, flavonoids, ascorbic acid and saponin content 

(Ibrahim et al., 2013). However, some studies also indicated that the available 

amendment of organic nitrogen fertilizer might improve leaf antioxidant status in 

association with soil biota (Montalba et al., 2010). In Ziziphus jujuba Mill., potassium 

enrichment in soil improved the accumulation of total phenolics, total flavonoids and 

total pro-anthocyanidin content (Wu et al., 2013). Potassium supplementation also 

helps in accumulation of phenylpropanoid components in apricot fruit (Radi et al., 

2003). Interestingly, on onion, the addition of potassium in soil enhanced total 

polyphenols but bears negative correlation with free radical (DPPH) scavenging 

properties (Bystricka et al., 2013). In some cases, application of lime and phosphorus 

improved the plant nutrition, with enhanced dry matter content and plants 

antioxidative system (Mora et al., 2008). But phosphorus also showed negative 

impacts on the accumulation of phenolics, expect for protocatechuic acid (Wu et al., 

2013). Overall, it can be stated that natural growing practices and soil nutrient profile 
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are important attributes for simultaneous improving yields, phenolics level and 

antioxidant activity (Ghosal, 2014).   

2.10 AGRO-CLIMATIC ZONES OF NORTH BENGAL 

Tea is most popular drink and that is why necessary to evaluate antioxidant activity of 

tea under various agro-climatic conditions of North Bengal. But unfortunately, 

through literature survey, it has to be known that the tea of Terai, Dooars and Hills are 

almost untouched (Misra et al., 2016).  

Climatic variations are also important because of its fluctuating behaviour 

influence the polyphenol contents in the tea leaf. Warm days, long sunshine hours, 

high humidity and adequate rainfall, preferably over night showers, the optimum 

temperature range between 18°C to 30°C, minimum day length <11 hours, 150 ml 

average rain fall per month, are the primary criteria for quality tea. Mulching material 

or decomposed plant waste used in tea plantation may increase the antioxidant level 

and it is supported by the evidence from other plantation (Sivapalan et al., 1993). 

Compost as soil supplements increases the level of antioxidant compounds and 

oxygen radical absorbance capacity in Straw berries (Wang et al., 2003). Some 

authors correlate quality parameters of tea with various agro-climatic conditions like 

off farm inputs, tea plant variety, processing technology, and industrial grades. But 

research on evaluation of antioxidant properties of tea grown in different agro-climatic 

conditions is still lacking. The correlations between the antioxidant level of tea with 

various production and processing parameters are also not found in the literature. 

Hence, the present work is being proposed to evaluate the antioxidant capacity of tea 

extracts from different grades of tea and also of different varieties of tea grown in 

different conditions. 

Organic farming is not new to India, but the lack of practices of its culture 

creates problems, mainly in plant nutrition. Proper soil nutrition is the only way to 

restore productivity and quality of organic tea plantation (Singh, 2005). Tea should be 

free from any toxic chemical residues which have deleterious effects and should be 

rich in antioxidants to combat harmful oxidants in the bodies of consumers. Tea is rich 

in polyphenols, flavonoids etc. that have been shown to possess a wide range of 

biological and pharmaceutical benefits, including defense from any 

pathophysiological disorders. These beneficial effects may be attributed to tea's free-
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radical scavenging activity (Misra et al., 2009, Ghosal et al., 2014). Depending on the 

agronomic practices, tea is classified into two types: non-organically produced tea 

(NOT); when inorganic fertilizers and chemical pesticides are used in cultivation, and 

organically produced tea (OT) when environment-friendly organic techniques are 

employed in its agronomic practices. Indiscriminate use of chemicals in field, 

management techniques and profit making attitude has led to chemicalize the tea 

products, as a result of which antioxidant quality of tea is degrading day by day (Misra 

et al., 2009 & 2016). 

2.11 IMPORTANCE OF TEA CULTIVATION  

Willson et al. (1992) reported that the tea plant is an evergreen that is native to 

Northern India and China. There are two main varieties of the tea plant. The broad 

leaf variety, known as Camellia sinensis var assamica, grows best in the moist, 

tropical climates found Northeast India and the Szechuan and Yunnan provinces of 

China. The small leaf variety, known as Camellia sinensis var sinensis, thrives in the 

cool, high mountain regions of central China and Japan. India and China are the two 

major tea producers and exporters and followed by Sri Lanka, Kenya and Turkey, 

respectively. 

The production of tea in India mainly started in the early 1758 AC of the 

British India along the Brahmaputra valley of Assam and Terai, Doors and Hills of 

Darjeeling. Many of the tea plantations are centered on the Darjeeling and Jalpaiguri 

District of West Bengal from the Nepal border to Jorhat and Kachar of Assam, 

reaching the altitude of around 1000 m to 3000m from mean sea level. 

Halliwell et al. (1999) stated since 3000 B.C., traditional Chinese medicine has 

recommended green tea for headache, body aches and pains, digestion, enhancement 

of immune system, detoxification, as an energizer and to prolong life. The health 

benefits of tea are confirmed and therapeutic value of tea for the prevention and 

treatment of many diseases has become more and more commonly known (Misra et 

al., 2008). Tea also contains minerals and trace elements such as K, Mn, Cr, Ni and Zn 

which are essential to human health. Fernandez et al. (2002) showed that regular 

consumption of tea may contribute to the daily dietary requirements of several 

elements and tea could be an important source of manganese and a large amount of 

potassium in comparison with sodium that could be beneficial for hypertensive 

patients. 



33 

  

Mandal et al. (2010) revealed that there has been increasing interest in finding 

plants with high antioxidant capacities since they can help in the progression of many 

chronic diseases. Serafini et al. (1996)
 
analyzed young tea shoots which contain more 

than 35% of their dry weight in polyphenols. Nonfermented green tea contains 

predominantly flavanols, flavan diols and phenolic acids like gallic acid, coumaric 

acid or caffeic acid, with those in green tea is higher than those in black tea. Misra et 

al. 2008 reported that phenolic compounds that are present in young tea shoots (also 

referred to as fresh green leaves, fresh tea shoots, or flushes) are known to be one of 

the main factors in determining the quality of the resulting tea drink. Several 

epidemiological studied by  Yang et al. (2002) as well as studies in animal models 

have shown that green tea can afford protection against various cancers such as those 

of the skin, breast, prostate and lung.  Henceforth, tea is an important panacea and 

popular health drink. Modern people interested drink tea elixir in the value added a 

form like cold tea, spices tea, tea ice-cream and much more.  The demand for good 

quality Indian tea is worldwide. 

The country is the second largest tea producer in the world with production of 

1,197.18 million kg in 2014-15. Interestingly, India is also the world's largest 

consumer of black tea with the domestic market consuming 911 million kg of tea 

during 2013-14. India is ranked fourth in terms of tea exports, which reached 197.81 

million kg during 2014-15 and were valued at US$ 619.96 million. The top export 

markets in volume terms for 2014-15 were Russian Federation (39.14 million kg), UK 

(18.58 million kg) and Iran (17.53 million kg). In terms of value, the top export 

markets were Russian Federation (US$ 94.43 million), Iran (US$ 75.73 million) and 

UK (US$ 57.74 million). All varieties of tea are produced by India. While CTC 

accounts for around 89 per cent of the production, orthodox/green and instant tea 

account for the remaining 11 per cent. Production of tea reached 1197.18 million kg in 

2014-15. Around 955.82 million kg was produced in North India and 241.36 million 

kg was produced in South India. 

India has around 563.98 thousand hectares of area under tea production, as per 

figures for December 2013. Tea production is led by Assam (304.40 thousand 

hectares), West Bengal (140.44 thousand hectares), Tamil Nadu (69.62 thousand 

hectares) and Kerala (35.01 thousand hectares). According to estimates, the tea 
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industry is India's second largest employer. It employs over 3.5 million people across 

some 1,686 estates and 157,504 small holdings; most of them women. 

2.12 PROBLEMS OF TEA PESTS 

Every part of the tea plant is subject to the attack by pests. A steady loss of 10% due 

to overall pest attack is a generally accepted figure though it could be 40% in 

devastating attacks by defoliators (Banerjee, 1993). In addition to direct crop loss, pest 

damage can adversely affect the quality of processed tea. General observation and 

planters‟ experience indicate that looper (Buzura suppressaria), red slug (Eterusia 

magnifica), tea mosquito bug (Helopeltis theivora) and red spider mite (Oligonychus 

coffeae) are the most common tea pests of Darjeeling foothills, Terai, the Dooars areas 

with their incidence also in the plantations of  North-East (N.E.) India. Planters of 

Terai and the Dooars are facing serious problems in combating the outbreaks of these 

folivores and sucking pests. Oligonychus coffeae breeds throughout the year and 

subsists on mature sustenance leaves. Helopeltis theivora causes extensive damage by 

attacking the tender leaves and the growing shoot. The defoliators like Buzura 

suppressaria and Eterusia magnifica have their share and defoliate tea in Terai, the 

Dooars and North-Eastern plantations. In the past, all tea phytophages were not active 

simultaneously and a well-marked seasonal appearance for each was evident with the 

seasonal cycle of the growth and productivity of the plants. Now a day, the planter‟s 

experiences indicate that most of the pest species remain active throughout the year 

with the overlapping seasonal cycle of the growth and productivity of the tea plants. 

The appearance of the pests needs timely management mostly by use of synthetic 

pesticides. Since 1962, increasing use of pesticides in the protection of tea plantations 

has been the common and popular practice. 

2.13 SHADE TREES IN TEA CULTIVATION 

The indigenous Assam tea was found in the under storey of the forest. From this basic 

knowledge, it was assumed that tea plants are grown ideally in shade environment. 

Most of the tea plantations, therefore, maintain a partial shade condition. Shade trees 

canopy protect tea bushes from excessive radiation or heat and efficiently conserves 

soil moisture (Ripley, 1967). In drought prone areas, deep rooted shade tree species 

are loped acropetally from lower branches which are very useful to protect the tea 

bushes below. Shallow rooted species seriously compete with tea for moisture in the 
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dry season and are loped at the frequent interval to ensure a single leaf canopy. A 

happy balance between the temporary and permanent shade trees maintain proper light 

quality and ensure better photosynthesis. Sunlight is also associated with heat and 

these two factors affect plants in very different ways when considered in isolation. But 

under natural conditions, sunlight and heat always go together. 

It appears that the primary function of a shade tree is merely to prevent 

excessive heating up of tea leaves by "trapping" some of the infra red rays from the 

sun before they reach the tea bushes. In this process, some of the useful visible 

spectrum of light might also be trapped by shade trees which the tea bush requires for 

photosynthesis. Practically, it is the balance between the amount of heat removed and 

the amount of light let through which determines the efficiency of a shade tree. In 

North-East India, only 20 to 30 % of the sunlight of clear sunny day of June was 

utilized by tea plants and is sufficient for maximum photosynthesis. Information 

regarding the suitability of shade trees in different soil status is scanty and yet to 

attract much attention of botanists or even tea scientists.  

2.14 VARIATION OF ANTIOXIDANTS ATTRIBUTE WITH AGRO-

CLIMATIC CONDITIONS AND SUITABILITY 

Sivapalan et al. (1993) examined the comparative effects of phenol rich and phenol 

poor plant residues after prolonged decomposition on the urease activity of an acid 

soil. The addition of organic residues increased soil urease activity over that of 

control, but soil amended with phenol rich residues had urease activity which was 

about 50% lower than that of soil amended with phenol poor residues. This reduction 

in soil urease activity was attributed to the higher content of soil polyphenols present 

in the soils amended with phenol rich residues. Wang Sy et al. (2003) augmented 

compost as a soil supplements and increase the level of antioxidant compounds and 

oxygen radical absorbance capacity was observed in strawberries. He showed that 

compost as a soil supplement significantly enhance the levels of ascorbic acid (ASA) 

and glutathione (GSH) and the ratio of ASA/DHASA and GSH/GSSG in the fruit of 

two strawberry cultivars were considerably improved. The peroxyl radical ROO
∙
 as 

well as superoxide radical (O2
∙-
), hydrogen peroxide, hydroxyl radical [OH

∙
] and 

singlet oxygen [
1
O2] absorbance capacity in strawberries,  increased significantly with 

increasing fertilizer strength and compost use. The planting medium × fertilizer 

interaction for phenolics and flavonoids was significant. Fruit from plants grown in 
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full strength fertilizer with 50% soil + 50% composts and 100% compost yielded fruit 

with the highest levels of phenolics, flavonol and anthocyanin content. A positive 

relationship between antioxidant activities and contents of ASA and GHA and ratio of 

ASA/DHASA, GSH/GSSG existed in the fruit of both cultivars. The polyphenols of 

fresh green and dried leaves, litter of superficial humus from mull of moor site were 

examined by Coulson et al. (1960) and observed the greatest diversity and quantity of 

phenolic substances obtained in the extract of fresh beech leaves from moor site. 

There was a change in the quantity of simple polyphenols grading from a maximum in 

fresh growing green leaves, falling through senescent leaves to dead leaves to freshly 

fallen leaves, to minimum decayed leaves and humus or stored dry leaves. Tannin 

stripping and especially hydrolysis and reduction of the decayed leaves and superficial 

humus particularly release polyphenolic substances in the soil.  

Total polyphenols, antioxidant capacity and flavonoids at juvenile cabbage 

genotypes (Brasica Oleracea var. capitata) were evaluated by Kim et al. (2004) and 

observed that nutritional soil supplements could provide enhanced levels of bioactive 

phenolic compounds as antioxidants in cabbage and therefore to consumers.  

It has been discussed that nitrogen and phosphorus deficiency usually increase 

the flavonoid levels and boron deficiency might increase hydroxy-cinnamic acid 

levels at the expense of flavonoids or lignin. The application of compound fertilizers 

increased available P, K and Mg content in soil but decreased alkali-hydrolysable-N 

and NPK content, compared with the urea treatment. Application of compound 

fertilizers could improve the quality of tea and increased their yield by 0.551 to 1.3 

tons/hector and enhanced their economic profit significantly by 10.0% to 15.7%. 

[Wang Rui et al., 2006].  The total and the available sulfur varied with agro-climatic 

condition and region, with the gradual replacement of „S‟ based fertilizers by urea and 

rock phosphate. The tea soils require Sulphur fertilizer for enhancing crop quality and 

enriched level of Theaflavin, Thearubigin and flavonol glycosides in leaf buds after 

processing (Chakravartee, 1996). 

Effect of different doses of fertilizers on the concentration of catechins in tea 

shoots and theaflavin and thearubigin contents of CTC tea were examined in different 

clones (Dev Choudhury et al., 1985). Increase in different doses of nitrogen has no 

significant effects on the synthesis of catechins. Gogoi et al. (1993) studied the effect 

of applied phosphate fertilizers on the quality of tea and assessed biochemically from 
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bushes treated with different doses of P2O5 in different clones. They showed that the 

P2O5 concentration of 50 Kg/hac enhances the major catechins and caffeine content in 

tea shoots. No additional benefit was observed with higher doses of P2 O5.  

The concentration of flavonoids in tea leaves changes during the development 

of tea shoots i.e. spring tea; summer tea and a 3
rd

 crop tea differ to some extent. It is 

evident that flavonoid accumulation is higher in summer that in spring and also apical 

bud + 2 leaves are richer in polyphenols than old leaves. It is quite difficult to assign a 

physiological role of the majority of plant phenolics; there is increasing evidence that 

a considerable number of these substances play an ecological role in plants. The 

flavonoid pigments are contributed to flower and fruit colour for the purposes of 

attraction of bees and green fly in tea plant for pollination and seed dispersal. The 

relation between flavonoid structure and plant colour has recently been reviewed. The 

contribution of polyphenols in the cell vacuoles is self-evident flavones and flavonols 

present in the flower tissues are essential as co-pigments to the anthocyanin and also 

occasionally concerned as a hidden UV honey guides for attracting green fly to the tea 

flowers. Other ecological roles for phenolics are observed in nature. Some phenolic 

derivatives act as allelopathic agents. Certain chemicals are excreted by the plant 

which may be auto toxic or affect the growth of other plant in the environments. It has 

also been found that flavonoids, especially tannins, have a role as feeding deterrents, 

protecting plants from over-grazing by many animal species (Swain et al., 1977). 

Other important role for certain classes of phenol is as antimicrobial agents in 

providing resistance to various fungal, bacterial and viral infections. Phenolics are 

significant not only as antifungal compounds but also for the production of 

phytoalexins formed post inflectionally.     

Dev Choudhury, (1984) pointed out that the ecological effectiveness of many 

phenolics may lie in their ability to modify growth process in other organism through 

hormonal interactions. Thus progress in understanding the ecological function of 

phenolics undoubtedly illuminates and at the same times our comprehension of their 

physiological importance in the plant. N-ethyl glutamine (Threonine) content of tea 

shoots varies with clones and season. During tea processing, threonine contents of tea 

shoots get gradually decreased. High level of threonine in tea appears to be 

detrimental to tea quality of some clones. 
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Do Phenolics compounds play a physiological role in plant growth and 

metabolism? The answer is still uncertain but many phenols are clearly able to exert 

significant effects on growth process when applied to plant tissues at physiological 

concentration. This doesn‟t necessarily imply that they have an endogenous role. 

Another important role of phenolics is hormonal control, which might affect the 

biosynthesis of ethylene. Thus it is known that a Para-coumaric acid ester is a co-

factor for ethylene biosynthesis from methionine in cauliflower floret (Mapson, 1970). 

It is a co-factor of a peroxidase-like enzyme on the pathway and it is interesting that 

caffeic acid at the site of the synthesis could theoretically provide a regulation of 

ethylene synthesis. Phenolics might react with other hormones by synergism or 

inhibition and both situations has been recorded in case of plant growth stimulated by 

gibberellic acid. There is evidence that dihydro-coniferyl alcohols in lettuce have a 

synergistic effect on GA3 stimulated elongation of hypocotyls (Kamiska et al., 1977). 

By contrast, substitution of dihydro coniferyl alcohol by any one of several common 

hydroxy cinnamic acids reverses this effect. It may be noted that tannins in other plant 

system have an antagonist effect on GA3 activity (Corcoran et al., 1972). It is clear 

that phenolics appear to interact specially with plant hormones to produce an effect on 

growth and may have an indirect effect on physiological processes. Many phenolics 

are capable of inhibiting ATP synthesis in mitochondria, uncoupling respiration and 

inhibiting ion absorption in roots (Stenlid, 1970). Flavonoids may also affect the polar 

transport of auxins (Stenlid, 1976) and protoplasmic streaming in root hairs (Popovici 

et al., 1976). There are also a variety of enzyme activities which may be inhibited in 

the presence of compounds such as quercetin (Van Sumere et al., 1975). How 

significant these effects are in the normal growth pattern of the plant has yet to be 

determined. The Recent discovery of certain phenolics, particularly caffeic acid ester 

and flavonoids occur in plant chloroplasts (Saunder et al., 1976) in small amounts 

raises the question of a further possible function in relationship to photosynthesis or to 

the effect of light on plant processes. It is conceivable that phenolic constituents, 

because of their intense UV absorption, can provide protection from damaging UV 

radiation in the atmosphere and might be physiologically useful in absorbing this 

radiation which otherwise interferes with the more vital processes in the chloroplast. 

Their occurrence in the chloroplast may equally be accidental and further studies are 
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required to see whether they are in fact important in the overall metabolism of these 

organelles.   

2.15 INDUSTRIAL PROCESSING OF TEA  

Industrially processed tea is one of the most popular beverages all over the world and 

is manufactured from young tender shoots of tea plant (Cabrera et al., 2003). From tea 

leaves, two types of products are most commonly consumed: Black or CTC and Green 

Tea. The chemical composition of tea shoots and the biochemical reactions that 

continue during industrial processing will ultimately determine the quality of tea. 

Besides these two quality products, some special categories of tea like semi-fermented 

oolong tea, decaffeinated teas, herbal tea, and scented teas are also quite popular in 

North Bengal and Darjeeling Hills. The manufacturing techniques of three types of tea 

products: viz. Crush, Tear and Curl (CTC) tea, Green tea and Orthodox tea may vary 

widely during industrial processing and have a pronounced effect on the kinetics of 

degradative and formative patterns within cellular components.  

Tea beverages have continuously being considered as therapeutics from 

ancient age because of the existence of polyphenols. The benefits of tea polyphenols 

are already well established. Tea polyphenols are a source of valuable functional 

components whose consumption might affect health in a positive mode and defend 

against various pathologies like cardiovascular disorders, cancer, diabetes, 

hypertension, renal disorder etc. From a therapeutic viewpoint, green tea has been 

most widely studied due to its richness in phenolic compounds; among them, most 

complexes are various categories of flavonols. The major flavic flavonols of green tea 

are different catechin derivatives: (-) catechin-3-gallate (ECG), (-) epicatechin (EC), (-

) epigallocatechin (ECG) and (-) epigallocatechin-3-gallate (ECGC). Thearubigin and 

theaflavin are the most vital components of black tea. These polyphenols are highly 

bioactive molecules and most often acting as antioxidants, which can able to scavenge 

free radicals. The ability to scavenge free radicals by different kinds of polyphenols 

might be due to possession of phenolic hydroxyl groups attached to B-ring of Flavan 

structure. In human beings, free radicals are known to contribute numerous disorders 

like cancer, ischemia, central nervous system injury, arthritis, gastritis, dementia and 

renal disorders (Rao et al., 2006). The sources of free radicals are mainly 

environmental pollutants like radiation, synthetic drugs and chemicals, toxins, mental 

stress and anxiety, hormonal imbalance and apoptosis along with oxidation process of 
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preserved foods (Pourmorad et al., 2006; Karori et al., 2007). Currently available 

synthetic antioxidants like butylated hydroxytoluene (BHT) and butylated hydroxyl 

anisole (BHA), different gallic acid esters are suspected to prompt numerous health 

hazards (Amie et al., 2003; Aqil et al., 2006). Therapeutic and prophylactic properties 

of tea are due to the presence of significant amount of antioxidants which protect us 

against oxidative stress induced free radical mediated diseases (Cao et al., 2011). 

These properties are lost if not mentioned in proper conditions of processing and the 

tea manufacturer has no scientific idea for restoring this quality.  

2.16 TEA AS POWERFUL ANTIOXIDANTS 

Our body contains its own antioxidant system made up of enzymes like catalase, 

superoxide dismutase and metal binding proteins. The endogenous defense mechanism 

against oxidative damage is complemented by antioxidants like flavonoids mainly 

found in tea and other dietary sources. An imbalance between the free radical 

production of protection by antioxidants leads to damage in proteins, lipids and DNA. 

Among the exogenous antioxidants, polyphenolic compounds especially flavonoids 

present only in plant like tea is potent phytochemicals in the diet protecting the body 

from oxidative damage.  

The most commonly consumed flavonoids, catechins are present in tea. These 

compounds have a wide range of antioxidant activities. Electron paramagnetic 

resonance experiments demonstrated the quenching of singlet oxygen, superoxide 

anion, and hydroxyl radicals by black and green tea extracts (Thiagaragan et al., 

2001). H2O2 and primaquine induced lipid peroxidation is prevented by prior 

incubation with tea polyphenols. The tea polyphenols inhibit hydroxy radical fluxes 

generated by an iron-ascorbic acid system, suggesting that iron chelation might have a 

role of polyphenol action. Tea flavonoids inhibit macrophage of human umbilical vein 

endothelial cell induced LDL oxidation (Yoshida et al., 1999). Theaflavin-digallate 

was most effective. The mechanism of action may be the chelation of iron and 

decreased the formation of superoxide anion. Green tea catechins also were effective 

in the preventions of cell mediated LDL oxidation (Yang et al., 2006). Black and 

green tea polyphenols protect in vitro red blood cell against oxidative stress. 

Flavonoids found in tea show 20 times more powerful antioxidant property 

than vitamin-C in the lipoprotein oxidation model. The antioxidant efficacy of 
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polyphenols is evaluated by battery tests, indicated that they can inhibit lipid 

hydroperoxides formation. Scavenging property of polyphenols has been 

demonstrated against a spectrum of offensive oxidants like superoxide radicals and 

other free radicals. Polyphenols exhibit modifying influences on the protein 

phosphorylation process and the different catalytic activity of many enzymes 

especially the oxidative ones. They are able to prevent metal-catalysed free radical 

formation caused by copper and iron chelate. An important property of flavonoids is 

that they do not affect β-carotene, Vita-C and E, which attributes for the endogenous 

antioxidant protection system of the body. Production of offending N-nitroso 

compounds is a consequence of the interaction of nitrogen containing compounds with 

nitrososating agents which is prevented by polyphenols. Flavonoids are the presence 

of some metals or in high concentration can also act as pro-oxidants for inhibition of 

P-450 catalyzed activity. Tea contains wide spread of flavonoids which are observed 

in other costly food supplements, so same quantity of tea will supply the entire body 

requirement of antioxidants of all ages of people. It is also reported that black tea 

contains Vita.-B complex group, Vita-K of large number of minerals like K, Mn, Mg, 

Cu, Zn, Na and F.  

2.16.1 Black tea may prevent cigarette smoke-induced oxidative damage of 

proteins  

The degenerative diseases that have been linked to oxidative damage caused by 

cigarette smoking are emphysema, atherosclerosis, lung cancer and other 

malignancies. Epidemiological reports and other experimental studies suggest that tea 

has chemo-preventive effects against cigarette smoking and tobacco use. Almost one-

third of the worlds are direct or indirect smokers and the hazardous effect of smoking 

is a global public health problem of great alarm. Disappointing smoking would 

unquestionably be the best measure to eradicate this deleterious practice. However, 

notwithstanding the warnings and anti-smoking campaign, smoking continues. Thus, a 

practicable approach is to find a way to prevent the deleterious possessions of 

smoking. Many scientific studies reveal that regular intake of tea may protect smokers 

from nicotine-induced oxidative damage and the consequent degenerative diseases.  
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2.16.2 Oxidation in rheumatoid arthritis 

Oxygen metabolism has a crucial role in the pathogenesis of rheumatoid arthritis. 

Reactive oxygen species formed in the course of cellular oxidative phosphorylation, 

and by activated phagocytes cells during the oxidative burst, go above the 

physiological buffer capacity and resulting in oxidative stress. The unwarranted 

production of reactive oxygen species can damage protein, lipids, nucleic acids, and 

matrix components. They also serve as important intracellular signal molecules that 

amplify the synovial inflammatory – proliferative response. Repetitive cycles of 

hypoxia and deoxygenating conditions associated with changes in synovial perfusion 

are postulated to activate hypoxia-inducible factor-1 and nuclear factor-B, two key 

transcription factors that are regulated by changes in cellular oxygenation and 

cytokine stimulation, and that in turn orchestrate the expression of a spectrum of genes 

critical to the doggedness of sinusitis. A thoughtful of the complex relations involved 

in genes is critical to the persistence of sinusitis. As understanding of the complex 

interactions involved in this pathway might be the improvement of novel therapeutic 

strategies for rheumatoid arthritis.  

2.16.3 Tea catechins against Helicobacter pylori   

Tea catechins have an antibacterial effect against H. pylori and may have a therapeutic 

effect against gastric mucosal injury induced by this organism. A new, safe, and 

effective therapeutic regimen against H. pylori infection may be manufactured by the 

use of catechins combined with a proton pump inhibitor, perhaps in a delivery system 

which prolongs the gastric-transit time of catechins.  

2.16.4 Acute radiation induced skin toxicity 

Tea extracts are competent for patients who are suffering from acute radiation-induced 

skin toxicity. The molecular mechanism underlying the advantageous effects are 

complex, and most likely not solely dependent on effects of tea polyphenols such as 

epigallocatechin-gallate.  

Tea extracts supported the restitution of skin integrity. Tea extracts inhibited 

proteasome function and suppressed cytokine activity; it was altered by tea extracts in 

a complex, caspase-dependent manner, which is due to the effects of epigallocatechin-

gallate. Moreover, both tea extract, as well as epigallocatechin-gallate, slightly 

protected macrophages from ionizing radiation.  
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2.16.5 Toxin-induced hepatotoxicity  

Liver injury, on the other hand, there is also growing evidence that excessive NO 

production by iNOS plays an important role in the induction of toxin-induced liver 

injury. The reaction of NO with superoxide anions produces peroxynitrite, which is a 

highly oxidative species capable of nitrating tyrosine residues of numerous proteins, 

which leads to the formation of nitro tyrosine. Nitro tyrosine formation, detected by a 

specific antibody, was increased in carbon tetrachloride-treated mice and was 

significantly decreased by EGCG treatment. The fact that iNOS induction and nitro 

tyrosine formation occurred in the cells exhibiting necrotic changes suggests evidence 

for a role of NO in liver injury, at least in the model used in the current study. Other 

pathways through which NO and peroxynitrite mediated tissue injury include 

inhibitors and formation of free radicals. Of note, the decreased production of NO-

derived free radicals in the mice treated with carbon tetrachloride and EGCG provides 

further evidence for a role of EGCG in down-regulating NO-mediated injury. The 

main findings of the current study were that elicited acute liver injury as indicated by 

a significant increase in hepatocellular damage increased expression of iNOS, and 

extensive nitro tyrosine formation. By comparison, the degree of liver injury and 

expression of iNOS and nitro tyrosine decreased significantly in the EGCG, it is 

important to point out that the overall protective effect of green tea might require the 

combined actions of several components of tea. Relevant to the findings of the current 

study, which shows that a concentration of green tea extract equivalent to the 

consumption of 10 cups tea per day, exerts inhibitory actions on cytokine-induced 

tyrosine phosphorylation and subsequently blocks the expressions of iNOS along with 

reducing NO production. Because green tea can be consumed over long periods of 

time without any obviously known side effects, its possible role as an adjunct 

therapeutic agent in human inflammatory liver disease deserves consideration.  

2.16.6 Green tea polyphenol extract may attenuate lung injury in pleurisy  

Green tea extracts exerts a potent anti-inflammatory effect on an acute inflammatory 

response characterized by fluid accumulation in the pleural cavity that contained many 

neutrophils (PMNs), an infiltration of PMNs in lung tissues and increased production 

of nitrite/nitrate, tumor necrosis factor alpha. All parameters of inflammation were 

attenuated by green tea extract treatment.  
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2.16.7 Anti-carcinogenic effects of polyphenols and cerebrovascular diseases 

Carcinogenesis can be viewed as a multistage, micro-evolutionary process. The 

progression of tumor formation may be slow, often taking ten or more years. It is 

generally agreed that tumors can be derived from single abnormal cells, and work with 

experimental systems shows that carcinogenesis is divisible into three major stages: 

initiation, promotion, and progression. Initiation is a heritable aberration of a cell. 

Cells so initiated can undergo transformation to malignancy if promotion and 

progression follow. Initiation appears to be irreversible and can result from DNA 

damage. Promotion, on the other hand, is affected by factors that do not alter DNA 

sequences and involves the selection and Clonal expansin of initiated cells. This 

process is partly reversible and accounts for a major portion of the lengthy latent 

period of carcinogenesis. The final stage of tumor formation is the progression of a 

benign growth to a malignant neoplasm. There is a loss of growth control, an escape 

from the host defense mechanism and metastasis. Certain initiators, such as radiation 

or chemical carcinogens, can induce the production of various free radicals and 

subsequent DNA base sequence alternation. In addition, cells of the immune system, 

such as neutrophils and macrophages, produce O2
∙ - 

and H2O2 that have been 

associated with the induction of experimental cancers. Oxygen free-radicals and 

methyl radicals are known to damage DNA. In some cases, such free radicals may 

arise in reactions catalyzed by ferric and cupric ions localized in the vicinity of 

cellular DNA. Free radical mediated DNA damage can have serious consequences on 

an organism unless the damages are repaired. Although oxygen free-radical effects 

can lead to DNA damage, they may also directly affect the protein components of the 

DNA repair apparatus. Unrepaired DNA alterations are inherited as mutations. Phase-I 

metabolizing enzymes (e.g. cytochrome P450) play an important role in the initiation 

stage. Through the catalytic activity of these enzymes, a polar reactive group is added 

to lipophilic carcinogens/xenobiotics to form an electrophile, which can react with 

DNA. Later, the xenobiotics can be detoxified by phase-II metabolizing enzymes, 

with sugars, amino acids, and glutathione for example. Green and black tea extract 

strongly inhibit neoplastic transformation in mammary organ cultures or epithelial 

cells.  In animals, green or black tea also induces the phase-I metabolizing enzyme 

CYP1A2.  
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It is generally believed that the generation of growth promotion oxidants is a 

major trigger of the tumor promotion and progression stages. Tumor-promoting 

phorbol esters not only can induce changes in cellular genes leading to some of the 

phenotypic characteristics of tumor cells, but they also can stimulate inflammatory 

leukocytes to release superoxide. The release of superoxide by phagocyte cells 

following stimulation with phorbol esters is proportional to their tumor promoting 

activity. Low levels of both O2∙ 
-
 and H2O2, products of the “respiratory burst”, can 

promote fibroblast growth, possibly fibroblasts that harbour an oncogenic or a mutated 

proto-oncogene. Also, low levels of superoxide can stimulate growth or growth 

responses in a variety of cell types when added exogenously to the culture medium. In 

particular, these species stimulate the activation and translocation of protein kinase C 

as well as the expression of early growth-regulated genes, such as the proto-

oncogene‟s c-fos and c-myc. Superoxide and/or hydrogen peroxides might function as 

mutagenic stimuli through biochemical processes common to natural growth factors. 

Thus, signaling of growth responses involving released superoxide or hydrogen 

peroxide may be mediated through the oxidative modification of components of the 

signal transduction pathway. It is also possible that oxidative inactivation of serum 

protein inhibitors allow proteases to remodel the cell surface, thereby facilitating or 

modulating, the action of normal growth factors (Burdon, 1993). Non-steroidal anti-

inflammatory drugs or COX-2 inhibitors have shown potent chemopreventive activity 

in animal colorectal carcinogenesis models (Cuendet & Pezzuto, 2000; Krishnan et 

al., 2000). Dietary polyphenolics, such as curcumin, chlorogenic acid, caffeic acid, 

resveratrol, or the flavonoid silymarin have also been shown to prevent colon 

carcinogenesis. A final and decisive step in carcinogenesis is the invasion and 

metastatic spread of the tumor to various body spaces and cavities. This appears to be 

facilitated by the activation of genes for the release of proteolytic enzymes. Whereas 

high levels of immune cells appear to favour metastasis. Again, the release of 

superoxide may serve to promote metastatic growth. Alternatively, superoxide could 

inactivate serum antiproteases, some of which are extremely sensitive to oxidative 

inactivation. Chemoprevention by flavonoids or polyphenolics could also result from 

tumor cell death, apoptosis, caused by the cytotoxic effect of 

flavonoids/polyphenolics. An accumulation of evidence has shown some anti-cancer 

properties of resveratrol are related to down regulating of the activation of NF-B, 
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which contributes to the progression of organ independence of prostate cancer and 

increase invasive and metastatic properties (Tsai et al., 1999). Recently, another 

possible antitumor molecular mechanism of resveratrol was shown, which involves 

mutagen-activated protein kinase-mediated p53 activation and subsequent induction of 

apoptosis. 

Lipid peroxidation is associated with some phases of carcinogenesis. There is 

increasing evidence that covalent binding of carcinogens or toxic substances to 

cellular macromolecules, particularly those carrying genetic information, is a primary 

event in the initiation of carcinogenesis. Thus, covalent binding to macromolecules 

could be the basis of many pathological changes induced by toxic substances. The 

ultimate forms of xenobiotics are believed to be reactive electrophile metabolites, 

which combine with nucleophilic groups of macromolecules. It is also possible that 

miscoding or mutagenesis may be of minor importance in the initial events of 

chemical carcinogenesis and that genetic transposition, including relatively large 

regions of the genome, may be more relevant (O‟Brien, 1994). The DNA adducts, 

deoxyadenosine and deoxyguanosine, which are induced by malondialdehyde, the end 

product of lipid peroxidation, accumulate in human breast cancer cells compared to 

normal breast cells. Serum antioxidative vitamin levels and lipid peroxidation were 

compared in gastric cancer patients (Choi et al., 1999). The level of serum ascorbic 

acid, -tocopherol, -carotene, and retinol were assessed. The levels of ascorbic acid 

in patients with gastric carcinoma were less than one-fifth of that in the control group, 

and the production of -carotene and -tocopherol was decreased, as well. 

Current information supports the importance of polyphenols in cancer 

protection (Dragsted, 2003; Rasmussen & Breinholt, 2003). A number of studies 

suggest decreased the risk of colon, breasts and lung, stomach and oesophageal cancer 

by polyphenol intake. Nonetheless, the overall incidence of cancers such as lung, 

breast and prostate has increased. It is reasonable to expect that the incidence of 

cancer can be substantially reduced by diet modification, regular exercise, and 

avoiding tobacco smoke.  

2.16.8 Cardiovascular and cerebrovascular disease  

Polyphenolic compounds are generally known to possess antioxidant properties 

(Tapiero et al., 2002). Despite intake of a high-fat diet, the low incidence of coronary 
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heart disease in France – the “French Paradox” – has been attributed partly to 

consumption of red wine (Sun et al., 2002). Compounds such as resveratrol, quercetin, 

catechin, and proanthocyanidins are enriched in grapes skins and seeds, and the ability 

of these compounds to inhibit platelet aggregation and protect low-density 

lipoproteins from oxidation has been demonstrated (Xia et al., 1998). Also, the intake 

of flavonoids in relationship to cardiovascular disease has been explored by several 

groups of investigators. Hertog et al. (1997) reported that a high intake of flavonols 

was associated with a decreased risk of coronary heart disease mortality. They also 

reported a general decrease in mortality with increasing flavonol intake. Knekt et al. 

(1996) reported similar results, with a decreased risk of coronary mortality associated 

with flavonoids. In contrast, a U.S. study of heart disease in males 40-75 years of age 

found no significant association with flavonoid intake (Rimm et al., 1996). Finally, in 

a 10-years follow-up study of more than 34,000 postmenopausal women from Lowa, 

flavonoids intake was associated with a decreased risk of heart disease. However, no 

association was found between flavonoid intake and stroke mortality after 10 years of 

follow-up (Yochum et al., 1999).  

The syndrome of ischemia/reperfusion (I/R) injury has been characterized for 

the heart, brain intestine, kidney, and other organs. This phenomenon consists of a 

paradoxical increase in tissue injury during the reperfusion period in an organ that has 

sustained relatively minor damage during a period of ischemia. It is now evident that 

reperfusion tissue injury is mediated through oxidant mechanisms associated with the 

generation of oxygen-based radicals. ROS have been implicated in both the 

myocardial dysfunctions that are observed during reperfusion following short periods 

of ischemia (the stunned myocardium) and the irreversible injury to cardiomyocytes 

that occurs during reperfusion after longer periods of ischemia. Infusions of high 

concentrations of the catecholamine‟s epinephrine or nor-epinephrine into 

experimental animals are known to produce myocellular mitochondrial swelling, 

myofibrillar disruption, plasma membrane blabbing, and myocardial necrosis. It has 

been suggested that these cardio toxic effects result not from the catecholamine 

themselves but from the production of O∙2 
–
 and H2O2 formed by a complicated series 

of reactions during the antioxidation of catecholamine. It was observed that vitamin E-

deficient rats were more sensitive to the cardio toxic effects of isoproterenol; whereas 

myocardial damage induced by this synthetic catecholamine was reduced when the 
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diet was supplemented with vitamin E. However, the results of studies demonstrating 

protection by antioxidants against catecholamine-induced myocardial necrosis must be 

interpreted with caution. As the accumulation of neutrophils, a major source of 

oxygen radicals has been observed in such models (Singla et al., 1982).  

Carvedilol, a potent antioxidant, prevents the lipoperoxidation of 

mitochondrial membranes, which suggests a strong contribution to the known cardio 

protective activity of this compound through protection of mitochondrial function 

(Moreno et al., 1998). A similar cardio-preventive benefit is achieved by agents and 

antioxidant enzymes that scavenge hydroxyl radicals (or reduce their formation), but 

not agents that reduce superoxide anion production. Some examples of compounds of 

plant origin that have shown protective effects against ischemic injury are 

procyanidine from Vitis vinifera L. (Facino et al., 1996), resveratrol from red wine 

(Ray, 1999) and ginseng extracts (Facino et al., 1990).  

The ability of polyphenolic compounds to offer cardiovascular system 

protection has also stimulated efforts to investigate whether this compound may offer 

neuroprotective effects. Few studies have explored flavonoid intake and risk of stroke. 

An inverse association has been shown with increasing dietary quercetin consumption. 

Tea consumption, which comprised the major source of flavonoids intake, was 

associated with decreased risk of stroke (Keli et al., 1996). Knekt et al. (2000) showed 

that quercetin intake is not associated with cerebrovascular disease.  

Lipid-peroxidation of biological membranes gives rise to degeneration of 

synapses and neurons and may be observed in stroke of neuronal disorders such as 

Alzheimer, Parkinson, and Huntington diseases. Oxidative stress and damages are 

accepted features of neutral degeneration. The pathological presentation of Alzheimer 

disease, the leading cause of senile dementia, involves regionalized neuronal death 

and accumulation of intraneuronal and extracellular lesions (Smith et al., 1997), 4-

Hydrosynonenal mediates oxidation-induced impairment of glutamate transport and 

mitochondrial function in synapses (Keller et al., 1997). Amyloid -protein may be 

related to modulation of membrane lipid peroxidation. Amyloid -protein fragment 

inhibits lipid peroxidation at low concentrations as a result of physicochemical 

interactions with the membrane lipid layer (Walter et al., 1997). Further, there is close 
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Figure 2.3 Absorption, bio-availability and metabolism fate of tea polyphenols. 

 

association between increased levels of the antioxidant enzymes superoxide dismutase 

and heme oxiygenase-1 and cytoskeleton abnormalities found in Alzheimer disease.  

2.16.9 Delay skin ageing 

Cells that migrate toward the surface of the skin normally live about 28 days and by 

day 20, they basically on the upper layer of the skin getting ready to die. But the 

effects of the host abundant green tea polyphenol, EGCG on human skin and found 

that EGCG reactivates with dying skin that if dying skin cells could be energized, skin 

condition could be improved to benefit psoriasis, roses lea wrinkles of wounds. In 

these regional CCA industries already marketed mega tea supplements which are 

claimed to induce weight loss and skin ageing (Smith et al., 1998).  

2.17 METABOLOMICS OF TEA POLYPHENOLS 

2.17.1 Absorption  

The absorption of the flavonoids in tea will depend on its physicochemical properties 

like molecular size, configuration lipophilicity, solubility and pKa. Till date, only a 

little information is available regarding on metabolomics of plant food matrix on 

absorption and its effect.   
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Most of the flavonoids except catechins are usually present in the diet as β-glycosides. 

(Figure 2.3). Hydrophilic glycosides are absorbed by passive diffusion in the small 

intestine, therefore aglycones part are only to be absorbed.  Hollman et al. (1997) 

studied that β-glycosides are unexpectedly highly absorbed in onion formed, in this 

context quercetin glycosides are also absorbed in the small intestine and confirmed 

absorption of aglycones by the pharmacokinetics studies in a human model. This is 

explained by the hydrophilic quercetin glycosides, which are transported across the 

small intestine; it is proposed that the Na
+
 dependent glucose cotransporter is involved 

(Hollman et al., 1999). It will imply that intact glycoside can be transported across the 

enterocyte and might appear in the blood plasma although intact quercetin-3-glucoside 

was absent in plasma after intake with quercetin-3-glucoside, which does not 

strengthen the SGLT1 hypothesis (Senink et al., 2001). An alternative mechanism was 

that quercetin glycosides hydrolyzed by lactase phloridzin hydrolase (LPH), a -

glucosidase on the outside of the brush border membrane of the small intestine. The 

substrate specificity of LPH enzyme varied considerably in a broad range of 

glycosides, it is evident that glycosides are competently hydrolyzed by LPH, more or 

less independent of the aglycone part of the glycoside.  

Colon bacteria are able to hydrolyze flavonoid glycosides but simultaneously it 

will be degraded & liberated flavonoid aglycones. This is also explained by the fact 

that absorption capacity of the colon is less than that of the small intestine. The data 

supplied by Hollman et al. (1999) strongly imply that the sugar moiety of quercetin 

glycosides is a major determinant of their absorption and bioavailability.  Oligomeric 

flavonoids, like 17 catechins occur in plant foods which have two forms, aglycones & 

galloylated form in the tea extracts. These two forms are absorbed in the small 

intestine. Oligomers can be hydrolyzed to monomers & dimers due to an acidic 

condition in the stomach. Larger molecules reach the colon & degraded by bacteria. 

Therefore it is concluded that only anthocyanidins up to 3- catechins are absorbed 

from the colon. 

2.17.2 Bioavailability 

Tea flavonol glycosides are absorbed very rapid to very slow. Comparative studies 

(Hallmann et al., 1999) show that the bioavailability of different food supplements is 

dissimilar rates, it is implied that important determinant of their bioavailability is the 
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presence of sugar moiety in quercetin glycosides. It is also evident that catechins are 

quite absorbed from the small intestine; galloylated EGCG form is not different in this 

respect. Bioavailabilities of various catechins monomers are quite similar although 

dimerization decreases the bioavailability.  

2.17.3 Metabolism  

The two compartments; small intestine, liver kidney and other compartments of colon 

are main sites of the metabolism of tea flavonoids. An absorbable form of flavonoids 

is secreted with bile and reaches the colon.  

Mainly in the first compartment, enzymes act upon the substrate and their 

colonic metabolites; kidney also contains enzymes which are capable of 

biotransformation. Conjugation of the polar hydroxyl group of flavonoids with 

glucuronic acid sulfate or glycine occurs. Inactivation of catechol moiety takes place 

by the enzymes, catechol-o-methyltransferase i.e. O-methylation plays an important 

role. Side groups of flavonoids are attached or detached in the tissues.Flavonoids 

molecules are split in the colon and the microorganism degraded products are 

ultimately absorbed. Because the degradation of flavonoids ring by the colonic 

bacteria secreted enzymes such as glucosidase, glucuronidases and sulfates can trip 

flavonoid conjugates of their sugar moieties. Figure 2.3 shows the different 

compartment involved in the metabolism of polyphenol and their impact on human 

health. 

2.17.4 Extent of metabolism 

Metabolism of the total quercetin occurs in the human body because ingested tea 

extract containing quercetin is extracted from urine as conjugated forms. It is 

correlated with quercetin in plasma flavonoids and also with low urinary excretion of 

the same.     

Polyphenols are widely distributed in the plant kingdom; among them, tea 

plant represents an abundant antioxidant component of the human diet. This section 

offers a brief description of the use of polyphenol which may reduce or prevent much 

health risk in human. Considerable evidence is now available, showing anti-

carcinogenic effects of polyphenolic compounds, as well as potential to prevent 

cardiovascular diseases, toxin-induced hepatotoxicity, acute radiation-induced toxin 
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toxicity, offers a novel therapeutic approach for the risk of smoking, oxidation in 

rheumatoid arthritis and delay skin ageing.  

2.18 FUTURE PROSPECTS 

After a long period, it is now time to illuminate the outputs of antioxidant research and 

their further development for mankind. Most of the degenerative diseases are related 

to radical damage, which requires more secure data. It can be expected that 

antioxidants can check and cure a number of pathophysiological problems also which 

require intensive attention. Many novel approaches are made in antioxidant research 

and significant findings have come out in last few years with improved 

phytotherapeutic activities. The traditional Indian diet, spices as well as medicinal 

plants are the rich sources of natural antioxidants. Higher intake of these foods & 

drink with functional attributes including a high level of antioxidants is one strategy 

that is gaining importance in the advanced countries and also it is making a formal 

shape in India. Coordinated investigation involving biomedical scientists, botanists, 

nutritionists and physicians will definitely create a significant difference in 

phytotherapy research for overcoming critical human disorders in the coming decades. 

Research on the free radicals and antioxidants is one attempt for inventing the 

nutraceutical and pharmaceutical products.   
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3. STUDY AREA  

3.1 LOCATION OF THE STUDY AREA 

The Districts of Darjeeling and Jalpaiguri of West Bengal (Figure 3.1a, 3.1b and 3.1c) 

and a large part of Assam of N.E. India has gained importance both for quality tea and 

high yield. The tea growing regions of Darjeeling district is located between 2631' to 

2713' North latitude and between 8759' to 8853' East longitude. The Northern part 

of the district has the distribution of eastern Himalayan range while the southern part 

consists of a stretch of alluvial plain at the base of the hills and is known as the Terai 

(Basu et al., 1996). 

3.2 AGRO-CLIMATIC CONDITIONS OF NORTH BENGAL 

Agriculture is closely dependent on the endowment of natural resources and 

environmental conditions of soil and climate. North Bengal is a land of many climates 

and varieties of soils, affording scope for much diversity in agriculture. It is therefore 

meaningful to understand the physiographic and agro climatic conditions of North 

Bengal and the various other factors that largely determine the tea cropping patterns in 

different regions of the North Bengal. Such understanding shall go a long way in 

optimizing farm production by selectively adopting appropriate tea cropping patterns 

and agronomic practices to suit the region. It is also important to gain perceptive 

knowledge and a pulse feels of the market drivers that promote diversification based 

on demand and changing antioxidant dietary regimes of the society.  

This research is an attempt to put together information on the above aspects. 

The climatic, edaphic (determined by soil) and socio-economic diversity of the Indian 

tea-production scene are dotted with many cropping patterns. With a geographic area 

of 5.19 lakh hectares, 115000 Ha produces tea included Terai, Dooars & Darjeeling 

Hills stretching between 26°12'N to 27°07'N latitude and between 88°05'E to 89°21‟E 

longitude, its altitude varying from the mean sea-level to the highest mountain ranges 

of the world (4580ft to 140ft), North Bengal presents a range and diversity of climate, 

flora and fauna, with a few parallels in the world. The North Bengal presents a 

paradox of containing in it the station with the highest mean annual rainfall in the state 

and also comparatively dry in Terai area. 
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Figure 3.1a Map of study area under Darjeeling  Hills, Terai and Dooars regions  of North Bengal. [A: Map of India, green colour showing tea cultivating area. B: Map 

of West Bengal, pink colour border showing tea cultivated area. C: Map showing Darjeeling, Terai and Dooars regions. D & E: Experimental Tea garden/ Estate( Green 

colour spot with name) of Darjeeling and Terai and Dooars.(Source : Google map modified)]  

 



56 

  

Figure 3.1b Experimental Tea garden / Estate (Green colour triangle with name) of 

Darjeeling hills and Terai region. Source: Google map modified)]  

 The variability of rainfall is most important in all the tea production areas, but 

especially where rainfall is low. In parts of Terai, the variability is more than 100 per 

cent of the mean. Years of drought account for a frequent a history of crop failures, 

whereas the years of flood also cause very considerable loss of Tea production.  

Temperatures also vary greatly, both geographically and seasonally. Northern 

parts of India in January have a temperature comparable with those in Europe in July, 

though with a greater daily range, but in these places, in the pre-monsoon months, the 

maximum temperatures of over 40
o
C are reached over a large area. Foggy weather 

may occur in winter in the plains, as far Hills as a line drawn through Kalimpong and 

may be heavy in Kurseong and areas upper of Darjeeling.  
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Figure 3.1c Experimental Tea garden / Estate (Green colour triangle with name) of 

Dooars region. (Source: Google map modified)]  

 

Socio economically, the peasantry ranges from the relatively affluent tea 

growers in Dooars, Darjeeling etc who operate with a high input intensity in tea 

culture to the subsistent growers of Terai. They even today, sometimes practice 

shifting cultivation. Between these two extremes, various intensities of cultivation are 

practiced. The outstanding fact on the socio-economic is the smallness of holdings, the 

average farm-size in most areas being lower than that is in most tropical countries. 
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Tea production, therefore, presents such an enormous diversity owing to differences in 

latitude, altitude and variability of rainfall and edaphic diversity. 

In general, North Bengal is a land of many rivers and mountains. Its 

geographical areas are crisscrossed by a large number of small and big rivers, some of 

them figuring amongst the mighty rivers of the India. The rivers and mountains have 

great significance in the history of cultural development, religious and spiritual life.  

3.2.1 Physiography 

The classification of the Tea productive North Bengal based on the physiography is 

one attempt that will help us to understand the division based on the physical 

characteristics. Physiographically (Bhalla et al., 2001), North Bengal may be divided 

into three well-defined regions. These are:  

I. The Hills, comprising the mighty Himalayan Ranges:  

The Darjeeling Hills comprising the <1000 m, 1000-1500 m and 1500-2000 m msl. 

II. The Great Terai Plains: 

Traversed by the Tista river systems. As much as one-third of this lies in the 

comparatively dry zone of Darjeeling-Dinajpur North. The remaining area is mostly 

fertile plains. 

III. The Dooars: 

Consisting of a wide belt of hills running east-west starting from Bagracote ranges in 

the west and terminating in a steep escarpment in the east. The area lies between the 

major portion riverian plain and hill plateau. 

3.2.2 Climate 

The presence of the great mountain mass formed by the Himalayas and its spur on the 

North and of the vein like river and Forest on the entire area are the two major 

influences operating on the climate of North Bengal. The first pose an impenetrable 

barrier to the influence of cold winds from Northern India and gives the sub-continent 

the elements of the tropical type of climate. The second, which is the source of cool 

moisture-laden, humid reaching North Bengal, gives it the elements of the oceanic 

type of climate. North Bengal has a very great diversity and a variety of climate and 
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Figure 3.2 Graph showing month wise average (Terai, Dooars and Darjeeling 

hill ) rainfall (mm) in North Bengal  

 

an even greater variety of weather conditions. The climate ranges from continental to 

oceanic, from extremes of heat to extremes of cold, from negligible rainfall to 

excessive humidity and torrential rainfall. It is, therefore, necessary to avoid any 

generalization as to the prevalence of any particular kind of climate, not only over the 

North Bengal as a whole but over major areas in it. The climatic condition influences 

to a great extent the cash crop resources utilization of the State. 

3.2.3 Rainfall 

Rainfall in North Bengal is dependent in differing degrees on the South-West and 

North-East monsoons, on shallow cyclonic depressions and disturbances and on 

violent local storms which form regions where cool humid winds the Hill meet hot dry 

winds from the land and occasionally reach cyclonic dimension. Most of the rainfall in 

North Bengal takes place under the influence of South West monsoon between May to 

September. The rainfall in North Bengal shows great variations, unequal seasonal 

distribution, still an unequal geographical distribution and the frequent departures 

from the normal. It extends 1500mm to 2500 mm along almost the entire Sub-

Himalayan West Bengal. South west monsoon is the main source of rainfall. 

Maximum rainfall occurs from mid-June to September, July and August usually are 

the wettest months (Figure 3.2). March receives maximum winter rain. December is 

the driest month with minimum rainfall. Pre -monsoon showers or thunder showers 
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Figure 3.3 Graph showing month wise average (Terai, Dooars and Darjeeling hill) 

maximum and minimum temperature (° C) fluctuation in North Bengal during the year 

2000 to 2013  

accompanied by hail, occur in the months of April and May. The average annual 

rainfall is about 260 to 340 cm per year. 

The Average precipitation of Terai, Duars & Darjeeling region recorded from Central 

Tobacco Research Institute, Dinhata, Coochbehar, TRA Meteorological Centre, 

Gangaram TG and DTRA are given in Table 3.1 and Figure 3.2 

3.2.4 Temperature 

Variations in temperature are also marked over the Sub-Himalayan Bengal. During the 

winter seasons from November to February, due to the effect of continental winds 

over most of the country, the temperature decreases from South to North. The mean 

maximum temperature during the coldest months of December and January varies 

from 18°C in some part of the North Bengal to about 5°C in the North, whereas the 

mean minimum varies from about 25°C in the extreme South to below 5°C in the 

North. From March to May is usually a period of the continuous and rapid rise of 

temperature. The highest temperature occurs in Southern part of North Bengal, where 

the maximum may exceed 48
ᵒ
C. With the advent of South West Monsoon in June, 

there is a rapid fall in the maximum temperature in the all portions of the State. The 
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temperature is almost uniform over the area which gets good rain. In August, there is a 

marked fall in temperature when the monsoons retreat from North Indian in 

September (Figure 3.3). In the month of November, the mean maximum temperature 

is below 35
ᵒ
C and the mean minimum below 20ᵒ C. In the extreme Hilly North, 

temperature drops below 5ᵒ C. 

The Temperature recorded from Central Tobacco Research Institute, Dinhata, 

Coochbehar, TRA Meteorological Centre for Dooar, Gangaram TG  for Terai and 

DTRC, Darjeeling for Darjeeling hill tea garden is given in Table 3.2 and Figure 3.3. 

 

3.2.5 Relative Humidity     

Evaporation rates closely follow the climatic seasons and reach their peak in the 

summer months of April and May and the plain areas of the North Bengal display the 

highest evaporation rates during this period. With the onset of monsoon, there is a 

marked fall in the rate of evaporation. The annual potential evaporation ranges 150 to 

250 cm over most parts of the State. The monthly potential onset of monsoon potential 

evaporation decreases generally all over the State.  Evaporation varies from 6 cm in 

December to 20 cm in May. After the onset of monsoon potential evaporation 

decreases generally all over the State. Maximum relative humidity varies between 

85%-95%, seldom below 75% with a maximum during June to September and 

minimum during December to February (Table 3.3). Since the study areas are located 

towards the foot hills of the Eastern Himalaya to high altitude mountain, it remains 

adequately humid throughout the year.  

3.2.6 Humid-prehumid ecosystem 

I. North Bengal Plain, hot sub humid (moist) to humid (inclusion of perhumid) 

ecoregion, with Alluvium-derived soils. 

II. Eastern Himalayas, warm prehumid eco-region, with Brown and Red hill soils.  
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3.2.7 Sunshine / Brightness   

The Sun-shine being to raise from October and maximum Sum-shine occurred up to 

November (Table 3.4). After November, the Sun-shine start to fall (Figure 3.4) and 

during December to February the nights are very cold with much dew and in low lying 

areas, a dense fog lingers often till after 9.00 A.M., in the morning. From March till 

the onset of monsoon, fog and frost are absent but dew is deposited until April. 

 

 

 

3.2.8 Wind Speed 

From September to October, the wind blows pleasantly over the foothills. During the 

hot months April to June, hot wind blows up the foothills from 11.00 A.M. to 9.00 

P.M. and the air becomes dry with dust which is frequently interrupted by the thunder 

storms. Severe storms, sometimes accompanied by hail occur almost every year, 

especially in the months of April and May and sometimes in September and October. 

For the diverse climatic condition, the environment becomes very pleasant. The 

rainfall is very high and high humidity makes suitable conditions of tea cultivation.  

Figure 3.4 Graph showing average Sun-shine (hrs) in different months in Terai, 

Dooars & Darjeeling  
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3.2.9 Rivers  

The Northern part of Bengal is blessed with many rivers. As many as 12 of them are 

classified as major rivers whose total catchment area is a few million hectare.The 

major rivers, the Rangit, Tista, Mahananda, Balason, Torsa, Rydak, Sankosh, 

Jaldhaka, Kaljani system are the biggest with catchment area.  

3.2.10 Soil Types and Distribution 

As in the case of physiographic characteristics, climate etc, the North Bengal has a 

vast diversity in the soil types. The soil groups and its extent of distribution broadly 

are  

A. Alluvial Soils 

 B. Terai Soils   

C. Brown Hill Soils. 

3.2.11 Agro-climatic Zones  

The regionalization of the cash crop like plantation economy has recommended that 

agricultural planning is done on the basis of agro climatic regions. For resource 

development, the plantation sector of North Bengal has been broadly divided into 

three regions based on agro climatic features, particularly soil type, climate including 

temperature and rainfall and its variation and water resources availability viz. Dooars, 

Terai and Hills of Darjeeling.   
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Table 3.1 Average rainfall (in mm) for the period 2000 to 2013 

Average Yearly Rainfall (mm): 2000 to 2013 

Year Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Total 

2000 0 48 20 259.5 300 719 361 522 384 78 0 0 4691.5 

2001 0 17 6 86 362.5 719 361 522 384 78 0 0 4536.5 

2002 26.3 0 124.1 353.9 143 442.5 926 84.5 446.5 39.5 0 0 4588.3 

2003 0 19 95 225 344.6 689 734 269 112 211.1 0 41 4742.7 

2004 0 0 16 216 296 444 892 144 656.4 306 0 0 4974.4 

2005 0.5 3 70 18.7 230.5 816.1 807.6 824 86 504.2 0 0 5365.6 

2006 0 13 1.3 61.3 282.1 634.1 340.6 141.6 461.7 212 18.2 14 4185.9 

2007 0 73 12.6 162.2 262.4 636.1 448.6 414.7 437.9 131.8 0 0 4586.3 

2008 26 4.4 81.5 184.2 290.1 580.6 557.2 1044.8 423.6 239.6 0 3.2 5443.2 

2009 0 0 25.8 91.1 246.7 770.2 244 519 249.6 250.1 0 0 4405.5 

2010 0 3 17 98 289 635 889 312 376 86 3.8 0 4718.8 

2011 0.4 0 56 210.5 223.6 540.5 769.7 287.6 214 231.5 0 12 4556.8 

2012 0.5 11 1.8 121 213.8 789 812.3 736 452.6 301.4 0 0 5451.4 

2013 0 5 18 127.3 300 687 589.8 256.6 348.6 93 0 0 4438.3 

Average 5.28 17.7 45.2 165.8 275.8 645.1 567.2 448.6 364.2 205 1.8 5.8 2747.48 

Source: Central Tobacco Research Institute, Dinhata, Coochbehar 
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Table 3.2  Average monthly maximum and minimum temperature (ºC) during 2000 to 2013 

Source: Central Tobacco Research Institute, Dinhata, Coochbehar 

Month 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Average 

January 

 

Max 22.7 22.8 23.2 22.1 22.6 23.8 22.4 22.1 24.5 23.6 23.5 22.8 22.6 23.7 
23.03 

Min 10.0 8.7 10.7 8.4 9.3 8.5 10.9 8.9 10.6 11.6 9.8 10.2 10.6 10.4 9.90 

February  

 

Max 24.4 25.0 26.6 22.5 26.0 26.2 27.2 23.5 23.7 27.7 26.7 26.9 24.4 23.8 25.33 

Min 10.5 11.9 11.5 9.9 11.0 13.1 15.4 13.2 10.4 13.1 12.1 10.5 11.3 12.1 11.86 

March 

 

Max 28.2 30.6 29.3 27.7 30.8 29.3 30.8 28.3 28.4 31.0 30.2 28.9 29.5 29.4 29.46 

Min 15.8 15.1 15.6 13.6 17.2 15.2 16.0 15.2 16.8 15.5 15.7 17.2 16.5 16.1 15.82 

April  

 

Max 30.8 31.7 28.8 30.5 28.5 31.0 30.8 29.6 30.0 29.3 29.7 28.9 30.2 28.8 29.90 

Min 20.7 20.2 17.6 19.5 19.3 17.5 20.5 20.1 20.2 18.0 19.4 18.9 20.6 19.8 19.45 

May 

 

Max 31.0 31.2 30.1 32.1 31.9 30.6 27.2 32.5 31.2 31.6 30.2 32.5 32.1 31.9 31.15 

Min 22.5 22.4 21.7 21.1 21.3 18.7 22.7 23.2 22.2 18.9 22.4 22.7 23.2 21.3 21.74 

June  

 

Max 31.6 31.6 31.0 33.9 32.1 31.6 30.9 30.7 30.6 32.6 31.6 31.0 31.5 33.9 31.76 

Min 23.7 23.7 24.0 22.6 22.7 22.6 24.4 24.3 24.2 21.8 24.4 24.5 22.6 22.7 23.44 

July 

 

Max 31.7 31.7 30.4 32.7 31.3 29.5 32.1 30.5 30.9 32.7 31.6 30.4 29.8 31.2 
31.18 

Min 25.2 25.2 24.2 24.2 23.0 25.2 25.6 24.8 25.1 24.1 23.6 24.1 23.5 22.8 24.33 

August  

 

Max 31.4 31.4 30.0 34.4 33.9 32.1 32.7 32.0 30.7 31.5 31.4 31.4 30.0 34.4 
31.95 

Min 25.2 25.2 22.4 25.6 24.9 25.0 25.6 25.8 24.6 24.2 25.2 23.1 25.0 23.6 24.67 

September 

 

Max 31.1 31.1 32.0 34.5 32.1 33.2 31.0 30.9 31.6 33.1 31.2 33.6 31.2 34.1 
32.19 

Min 24.0 24.0 23.6 24.5 23.6 24.8 24.2 24.5 24.3 23.6 22.6 23.2 24.8 23.7 23.96 

October  

 

Max 31.6 31.6 30.8 31.3 30.2 29.4 30.9 30.7 31.2 31.2 29.9 30.1 29.4 31.2 30.68 

Min 22.4 22.4 21.3 21.6 19.6 20.8 21.1 22.0 21.5 20.1 19.6 20.8 21.1 22.0 21.16 

November  Max 27.5 27.5 28.0 28.9 29.0 27.9 26.8 28.7 28.0 27.8 28.7 26.8 27.9 27.7 
27.94 

Min 17.1 17.1 16.4 17.2 14.6 15.4 16.5 16.9 15.1 14.8 15.7 17.0 15.4 16.3 16.11 

December Max 24.7 24.7 24.3 25.6 27.2 25.9 24.5 24.6 24.5 24.0 25.1 24.1 25.9 24.4 24.96 

Min 10.9 10.9 12.6 12.6 11.3 11.6 12.3 11.1 14.0 11.2 11.8 12.6 12.3 14.1 12.09 
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Table 3.3 Relative humidity (RH %) during 2000 to 2013 

Year 
Average Relative Humidity (%) 

Maximum 

(at 06:32 hrs.) 

Minimum  

(at 13:32 hrs.) 

2000 94.00 79.33 

2001 82.48 77.25 

2002 89.67 76.92 

2003 90.50 75.67 

2004 90.08 71.00 

2005 90.67 76.08 

2006 93.33 75.17 

2007 92.67 69.33 

2008 92.42 70.83 

2009 88.58 73.58 

2010 91.71 75.20 

2011 90.40 72.11 

2012 88.62 72.30 

2013 92.1 75.00 

Source: Central Tobacco Research Institute, Dinhata, Coochbehar  

3.2.12 Agro -Ecological Regions of North Bengal  

Another classification that is relevant in understanding the tea cultivation practices of the 

North Bengal is that based on the ecological features of different regions. This 

classification also takes into account the period for which status of water and or moisture 

availability which in turn points to the potential productivity and growth of tea cultivation 

(Deshpande et al., 2004). Various typologies emerge on examination of above 

parameters. The details of the classification based on the typologies of resource use by tea 

production regions are given in below: 

1. Mountainous 2. Hilly 3. Plain irrigated 

The ideal agro-climatic conditions for the sustainable production and growing good 

quality of tea are as follows: 

 Temperature: 21° C to 29° C is ideal for the production of tea. The high 

temperature is required in summer. The lowest temperature for the growth of tea is 

16° C. 



67 

  

 Rainfall: 150-250 cm of rainfall is required for tea cultivation. 

 Relative average atmospheric Humidity: 70-80% 

 Soil: Tea shrubs require fertile mountain soil mixed with lime and iron. The soil 

should be rich in humus. 

 Land: Tea cultivation needs sloping, porous, well-drained land. Stagnation of 

water is not good for tea plants. Heavy rainfall but no stagnancy of water, such 

mountain slopes are good for tea cultivation. 
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Figure 3.5 Photograph of different activity in Terai Tea Garden (MATIGARA Tea 

Estate) 1. Factory gate; 2. Soil collection; 3 & 4 Survey of Shade Tree; 5. Weathering; 6. 

Cutting & rolling; 7. Fermenting; 8. Drying; 9. Gradation; 10. Packaging for marketing. 
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Figure 3.6 Photograph of different activity in Dooars Tea Garden (Bagracote Tea Estate) 1. 

Factory gate; 2. Shade tree; 3. Maintenance of shade tree; 4. Nursery; 5. Weathering; 6. Ghoogi 

operation; 7. Fermenting; 8 and 9. Drying; 10. Packaging for marketing. 
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Figure 3.7 Photograph of different activity in Darjeeling hills Tea Garden (Phuguri Tea Estate) 1. 

Factory; 2. Shade tree; 3.Nursery; 4. Leaf plucking; 5. Inspection of leaf; 6. Withering; 7. Rolling 

and Fermenting; 8 Drying; 9. Gradation ;10. Packaging for marketing. 
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Chapter – IV 

SCOPES AND OBJECTIVES OF THE 

STUDY 
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4.  SCOPES AND OBJECTIVES OF THE STUDY 

Human civilization is going under a serious crisis. This is originating from workload and 

social/professional pressure for a better lifestyle and more comfortable life leading 

(Ghosal, 2014). Which results in an undesired oxidative change in the body with the 

generation of free radicals in excess? The ultimate manifestation of this oxidative stress 

results in different metabolic disorders such as atherosclerosis, cataracts, cancer and 

osteoarthritis (Scott, 1995; Behl, 1999; Khan et al., 2004; Ghosal, 2014). The free 

radicals are the main cause of oxidation of lipids, DNA and proteins. The early ageing is 

also a manifestation of the oxidative stress.  There are many reports which state that 

intake of antioxidants might prevent the primary ageing processes, as well as many of the 

age-associated secondary pathological complications (Aruoma, 1993). It has been 

recorded that the consumption of sufficient amount of fruits and vegetables can reduce 

the risk of degenerative diseases like cancer as well as atherosclerosis and the dietary 

flavonoids can restore a range of oxidative radical damage sustained by DNA (Eastwood, 

1999; Anderson et al., 2000; Ghosal, 2014). It is also well understood by different experts 

that the antioxidants of Tea is one of the best alternative for reducing oxidative stress-

related disorders. The antioxidant substances are mainly different phenolics which are 

present in leaves and during processing of tea the contents concentrations get enriched. 

The phenolics are produced in different biosynthetic path ways in the tea plant. We 

focused our attention on the study of the influence of certain factors from tea cultivation 

to the processing stages as well as the variation of regional climatic conditions.  

A priori work suggests cultivation factors like soil type, compost, mulching and 

fertilization can affect the plant secondary metabolites and antioxidant activity (Prange, 

1995; Strik, 2008; Ghosal, 2014). Several other factors including genotype, growing 

region, climate and cultural practices also affect the external and internal quality of the 

product (Mirdehgham and Rahemi 2007, Caleb et al., 2012; Ghosal, 2014). Ozgen et al. 

(2008) reported that the variation of factors such as total soluble solids (TSS), pH etc. has 

also effect on the phenolic content in tea. It has been also noticed that a number of 

geographical and environmental factors influence the concentration of bioactive 

phytochemicals in the same plants collected from a different region (Houghton and 
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Raman, 1998; Marcus and Grollman, 2002). Potassium is a macronutrient which is most 

important nutrients in controlling yield and quality of plants (Cassman et al., 1990; 

Cakmak, 2010; Ghosal, 2014).  

We set our objective to examine the changes in contents of antioxidants and secondary 

(total flavonoids and total phenolics) metabolites with different soil profile search some 

relationship among the parameters within our Study areas. 

In short following scheme has been constituted for determining the antioxidant activities 

of Tea in different agro-climatic regions:  

1) Study of the variation of antioxidant properties of tea in  

(i) different soil conditions  

(ii) different climatic conditions  

(iii) different geographical distributions  

(iv) different plant varieties  

(v) different processed grades  

(vi) different physical conditions of processing. 

2) Comparison of antioxidant properties in organically grown tea and non-organically 

grown tea. 

3) Soil degradation pattern with the span of plantation ages and antioxidant properties of 

plants at different ages. 

4) Study of phenolic contents in different tea. 

The scope of this work is to understand the key factors to control the phenolic content of 

tea vis-a-vis search the control for augmenting health effect of tea. 
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Chapter – V 

MATERIALS AND METHODS 
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5. MATERIALS AND METHODS 

The proposed work will be conducted on collected sample of plant materials, variation of 

different agro-soil zones, agro-climatic data, processed tea samples, season wise collected 

tea samples of different tea gardens situated at Dooars, Terai, and Darjeeling Hills of 

North Bengal. 

5.1 Collection of materials 

5.1.1 Plant materials 

At first, the agro-climatic regions are classified as Darjeeling Himalaya, Terai and Dooars 

Regions. A pilot survey has been conducted from the data sources of the tea gardens to 

document the distribution of tea plant variety and their age (20 to 50 years). The plant 

specimens [different selected varieties of Camellia sinensis (L.) O. Kuntze], i.e. fresh tea 

leaves were collected from the different cultivated section of the tea garden of different 

agro-climatic areas of North Bengal for the preparation of fresh, handmade tea, 

intermediately processed tea; mulching materials were also collected from the same plot. 

An industrial grade of tea was also collected in the same tea garden factory. 

5.1.2 Soil Samples 

Soil samples were collected as per the methods described by Ranganathan & Natesan 

(1987)  from different agro-climatic areas of North Bengal and samples also were 

collected from adjacent barren land, multi crops system to document the soil degradation 

pattern due to tea monoculture. Soil (top and sub soil with 0-22.5 cm and 22.5-45 cm 

depth respectively) and composite soil were prepared as per the method of Misra et al., 

2009. The samples were processed for physicochemical analysis viz. pH, electrical 

conductivity, moisture contents, organic carbon, an available form of nitrogen, potash as 

K2O, phosphorus as P2O5 and sulphur as SO4
-2

 (Jackson, 1973). 
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5.1.3 Agro- climatic and geographical distribution data 

The Climatic data like aerial temperature, atmospheric humidity, precipitation, altitudes, 

and longitudinal, latitudinal positions were collected from the record of CTRI at 

Coochbehar, DTRC at Darjeeling, and Meteorological station at Gungaram TG. 

5.1.4 Records & collections of plant varieties (other than tea) 

The Plant variety like shade trees, weeds etc. were recorded from the data sources of the 

gardens and collected by survey method. Then the samples were identified by 

Researchers and Dr. A.P. Das, Ex-Professor of Taxonomy and Environmental Biology 

Laboratory, Department of Botany, North Bengal University. Finally identified voucher 

specimens were deposited in the „NBU Herbarium‟ of Taxonomy and Environmental 

Biology Laboratory, Department of Botany, University of North Bengal. 

5.1.5 Collection of mulching materials 

The mulching materials i.e. pruning litters, grass sp., shaded leaf litter were collected 

from the tea gardens of different agro-climatic areas of North Bengal. 

5.2 METHODOLOGY 

5.2.1 Preparation of methanolic plant extracts  

Different fresh tea leaves were crushed with mortar and pestle with methanol. The 

methanol was completely removed by vacuum rotary evaporator at 50°C. One part of 

these crude extracts used for experiments and other parts were freeze-dried. The powder 

was stored at 4°C and used for further investigation. The extractive value of the plant 

materials was calculated on a dry weight basis from the formula given below:  

Weight of dry extract  

Percent extractive value (yield %) = ------------------------------------------- × 100  

Weight taken for extraction  

 

Handmade and Industrial grade, processing intermediate tea extracts also used by the 

same process. 
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5.2.2 DPPH (2, 2-diphenyl-1-picryl hydrazyl) assay 

Radical scavenging activity of plant extracts against stable DPPH (2, 2-diphenyl-1- 

picrylhydrazyl) was determined spectrophotometrically. The changes in color of DPPH 

free-radical (from deep-violet to light-yellow) were measured at 517 nm wavelength in 

presence of antioxidants. Radical scavenging activity of extracts was measured by the 

standard method proposed by Blois (1958). Two microliters of each sample, prepared at 

various concentrations were added to 2 ml of 0.2 mM DPPH solution. The mixture was 

shaken and allowed to stand for 30 min at 20ºC in dark condition and then the absorbance 

was measured at 517 nm with UV-VIS spectrophotometer (Systronics, 2201). The 

percentage inhibition activity was calculated by the following equation:  

DPPH scavenging effect (%) = [(Acontrol – Asample) / Acontrol × 100] 

Where, Acontrol is the initial concentration of the stable DPPH radical without the test 

compound and Asample is the absorbance of the remaining concentration of DPPH in the 

presence of methanol. IC50 values (mg/ml) were determined from a plotted graph of 

scavenging activity against the concentrations of the standard extracts, where IC50 is 

defined as the total amount of antioxidant necessary to decrease the initial DPPH radical 

concentration by 50%. 

5.2.3 Superoxide assay 

Scavenging capacities of crude and handmade, industrial, processing intermediate tea 

extracts on superoxide anion would be determined according to the method of Mccord & 

Fridowish (1969); Nishikimi et al. (1972). The superoxide anions generated by phenazine 

methosulphate (PMS) and reduced nicotinamide-adenine dinucleotide phosphate 

(NADPH), were detected by the reaction with 2, 2´-di-p-nitrophenyl-5, 5´-diphenyl-(3, 

3´-dimethoxy-4,4´-diphenylene) di-tetrazolium chloride, nitro-blue tetrazolium (NBT). 

The reaction mixture contained 1 ml samples (different concentration), 1 ml of NBT 

solution (312 μM prepared in phosphate buffer, pH-7.4) and 1 ml of NADH solution (936 

μM prepared in phosphate buffer, pH-7.4). Finally, the reaction was accelerated by 

adding 100 μl PMS solution (120 μM prepared in phosphate buffer, pH -7.4) to the 
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mixture. The reaction mixture was incubated at 25
ο
 C for 5 min and the absorbance at 560 

nm was measured against methanol as a control. Percentage inhibition and IC50 value 

were calculated using the same formula mentioned above.  

5.2.4 Nitric oxide assay 

Nitric oxide was generated from sodium nitroprusside and measured by the Greiss 

reaction (Marcocci et al., 1994; Sreejayan & Rao, 1997). 320μl methanol extract, 360μl 

(5mM) sodium nitroprusside-PBS solution, 216μL Greiss reagent (1% sulfanilamide, 2% 

H3PO4 and 0.1% naphthyl ethylenediamine dihydrochloride) was mixed and incubated at 

25
o
C for one hour. Lastly, 2 ml water was added and absorbance was taken at 546 nm. 

The IC50 value was calculated by the same procedure mentioned above.  

5.2.5 Hydroxyl radical assay 

Hydroxyl radical scavenging potency of tea extracts would be assayed according to the 

method of Jung et al., 2008; Jainu & Devi, 2005. Hydroxyl radical scavenging activity 

was determined by using the 2-deoxyribose oxidation assay (Jung et al., 2008; Jainu & 

Devi, 2005). A solution (0.2 ml) of 10 mM FeSO4, 7H2O and 10 mM ethylenediamine 

tetraacetic acid was prepared in a screw capped test tube. Then, 0.2 ml of 10 mM 2-

deoxyribose solution, 0.5 ml of each sample (different concentration) and 0.1M sodium 

phosphate buffer (pH 7.4) were added to give a total volume of 1.8 ml. Finally, 200 μl of 

10 mM H2O2 solution was added to this reaction mixture and incubated at 37º C for 120 

min. After incubation, 1 ml each of 2.8% trichloroacetic acid and 1.0% thiobarbituric acid 

were added to the reaction mixture. The sample was boiled at 100º C for 10 min, cooled 

in ice, and then its absorbance was measured with a spectrophotometer at 515nm. The 

IC50 value was calculated by the same process mentioned above.  

5.2.6 Antilipid peroxidation (ALP) assay 

The anti-lipid peroxidation activity of the sample extracts was determined by the standard 

method followed by slight modification with the goat liver homogenate (Bauchet and 

Barrier, 1998; Ohkawa et al., 1979; Sreejayan et al., 1994). About 2.8 ml of 10% goat 

liver homogenate, 0.1ml of 50 mM hydrated ferrous sulfate and 0.1 ml extract was mixed. 
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This mixture was incubated for 30 minutes at 37
o
C. 1 ml of the reaction mixture was 

taken with 2 ml 10% trichloroacetic acid (TCA) -0.67% thiobarbituric acid (TBA) in 

acetic acid (50%) for blocking the reaction. Then the mixture was boiled for 1hour at 

100
o
C and centrifuged at 10,000 rpm for 5 min. The supernatant was taken for absorbance 

at 535 nm. ALP% was calculated by using the following formula:  

Abs. of Fe
2+

 induced peroxidation – Abs. of sample  

ALP percent = ------------------------------------------------------------------------------- x 100.  

Abs. of Fe
2+

 induced peroxidation – Abs. of control 

 

5.2.7 Determination of ABTS radical scavenging assay 

The free radical-scavenging activity was determined by 2,2ˊ azinobis-(3-

ethylbenzthiazoline-6-sulfonic acid) ABTS radical cation decolorization assay described 

by Re et al. (1999). ABTS was dissolved in water to a 7 μM concentration. ABTS radical 

cation (ABTS ̇ 
+
) was produced by reacting ABTS stock solution with 2.45 μM potassium 

persulfate (final concentration) and kept in the dark at room temperature for 12–16h 

before use. The radical was stable in this form for more than two days when stored in the 

dark at room temperature . For the study of infusion , the samples containing the ABTS ̇ 
+
 

solution were diluted with redistilled water to an absorbance of 0.700 (±0.02) at 734 nm 

and equilibrated at 30°C. A reagent blank reading was taken . After addition of 3.0 ml of 

diluted ABTS ̇ 
+
 solution (734 nm) to 30 μl of plant extracts, the absorbance reading was 

taken exactly 6 min after initial mixing. The IC50 value was calculated by the same 

procedure mentioned above. 

5.2.8 Metal chelating activity 

The chelating activity of the extracts for ferrous ions Fe
2+

 was measured according to the 

method of Dinis et al. (1994) with slight modification. To 0.4 ml of methanol extract, 1.6 

ml of methanol was diluted and mixed with 0.04 ml of FeCl2 (2 mM). After 30s, 0.8 ml 

ferrozine (5 mM) was added. After 10 min at room temperature, the absorbance of the 

Fe
2+

–Ferrozine complex was measured at 562 nm. The chelating activity of the extract for 

Fe
2+

 was calculated using the same formula mentioned above. 
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5.2.9 Estimation of total polyphenols: 

Total phenolic compounds of sample extracts were determined by Folin-Ciocalteu reagent 

method (Folin and Ciocalteu, 1927; Bray & Thrope, 1954; Malick and Singh, 1980). For 

the preparation of the calibration curve, 1 ml aliquot of 0.025, 0.05, 0.075, 0.1, 0.2 and 

0.3 mg/ml methanolic gallic acid solution was mixed with 5 ml of Folin-Ciocalteu reagent 

(10 times diluted) and 4 ml sodium carbonate (75 g/L). The absorbance at 765 nm was 

measured after 1hr. at 20ºC and the calibration curve was drawn. 1 ml methanolic leaf 

extracts (50 mg/ml FWT) was mixed with the same reagent and the mixture was 

incubated for one hour at room temperature. After 1 hour the absorbance was measured at 

765nm.  

5.2.10 Estimation of flavonols 

Spectrophotometric aluminum chloride method was used for flavonoids determination 

(Sultana et al., 2009; Swain et al., 1959; Mahadevan et al., 1986). Each methanolic leaf 

extracts (0.5 ml of 100mg/ml) were separately diluted with 4 ml double distilled water. 

Then the diluted leaf extracts were mixed with 5% (0.3 ml) NaNO2 and 10% aluminum 

chloride were then added to reaction mixture. After 6 min 2ml (1.0 M) NaOH and 2.4 ml 

double distilled water was added and mixed well. There after absorbance was measured at 

510 nm in a spectrophotometer. Standard solution of quercetin (0-500 mg L
-1

) was used 

as a calibration curve. 

5.2.11 Estimation of theaflavin & thearubigins 

The theaflavin (TF), thearubigin (TR), high polymerized substances (HPS) and total 

liquor color (TLC) of the tea samples were determined by the process shown in Figure 

5.1. The tea samples obtained from different clone/jat were analyzed for various chemical 

constituents by standard procedure Masoud et al. (2006). 
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TF (%) = 4.313 x C                                TR (%) = 13.643 x (B+D-C) 
HPS (%) = 13.643 x E                              TLC = 10 x A 
TF = Theaflavin                                TR = thearubigin 
HPS = High polymerized substances TLC = total liquor color 
IBMK = Iso-butyl methyl ketone   
Na2HPO4 = Di-sodium hydrogen phosphate   

 

Figure 5.1 Method for determination of TF, TR, HPS and TLC.  

 

 

 

5.2.12 Determination of quinone 

Quinone was determined (spectrophotometrically) according to the method described by 

Mahadevan et al. (1986).  Accurately weighed 20.00g of the sample was transferred to a 

mortar and pestle with 100ml chilled phosphate buffer. The samples were centrifuged at 

2,000 rpm for 30 min at 4 ºC and supernatants were collected in a 250mL volumetric 

flask and used as enzyme extract. 3ml of buffer was pipetted out along with 3ml catechol 

standard and 1.5ml of enzyme extract in a test tube, gently shaken and incubated in a 

water bath. At different time interval 2ml of samples were withdrawn in duplicate and 

4ml of TCA reagent (without ascorbic acid) was added to one sample and another 

corresponding sample was added with 4ml of TCA reagent containing ascorbic acid. The 

samples were filtered off for removing the precipitates and recorded at absorbance 

400nm. The samples were calculated with the amount of quinone produced by the 

enzyme extract from ortho-dihydric phenols. 
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5.2.13 Determination of tannins 

Determination of Tannins was done by the method of Sadasivam et al.(1992). Accurately 

weighed 0.5g of the powdered sample was transferred to a 250mL conical flask in 75mL 

water. The samples were heated in the flask gently and boiled for 30 min. and centrifuged 

at 2,000 rpm for 20 min and the supernatant was collected in a 100mL volumetric flask 

and made the volume as required. 1mL of the sample extract was transferred to a 100mL 

volumetric flask containing 75mL water. Then 5mL of Folin-Denis reagent was added 

with 10mL of sodium carbonate solution and diluted to 100mL with water and shaken 

well. The absorbance was read at 700nm after 30 min. Tannins were calculated from the 

standard curve. An aliquot of the sample extract containing not more than 0.5mg of tannic 

acid was used and the percentage of tannin was determined. 

5.2.14 Estimation of caffeine 

Caffeine was determined spectrophotometrically (UV-VIS) as per the standard method of 

Rogers et al. (1998). Briefly, 2gm of instant coffee and 3.2gm of dried tea leaf were taken 

in a 250ml conical flask, added 200ml of boiling purified water into it and stirred for 

30sec, then allowed to cool at room temperature. Simultaneously 1000 ppm of stock 

standard caffeine was prepared using 198.2mg of caffeine into 200ml boiling purified 

water. Working standard solution was prepared using suitable aliquots. 50ml of both 

working and standard solution were poured into separating funnel and 25ml of 

Dichloromethane was added and caffeine was extracted by inverting funnel by three times 

and venting the funnel after each inversion. Dichloromethane layer was removed and the 

procedure was repeated twice more times. The absorbance (λ=272nm) values of the six 

working standard solutions were measured and calculated the concentration of caffeine in 

sample using the equation  

                                                                                         (Total Sample Vol.) 
2
 

Caffeine content (mg) = Conc. (ppm) ×          ……………………………………………          

                                                                                 (Measured Sample Vol.) × 1000 
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5.2.15 Estimation ortho-dihydric phenols 

Ortho-dihydric phenol was determined by the method of Mahadevan et al., 1986. 

Accurately weighed 0.5gm of the powdered sample was transferred to a 250mL conical 

flask in 75mL water. The flask was gently heated and boiled for 30 min, centrifuged at 

2,000 rpm for 20 min and the supernatant was collected in a 100mL volumetric flask and 

make up the volume. Then 1mL of the sample extract was transferred to a 100 mL 

volumetric flask containing 75mL water and added 1mL of 0.05(N) HCl, Arnow‟s 

reagent, 10mL of water, 2ml 1(N) NaOH respectively and shaken well.  Absorbance was 

recorded at 515 nm after 5 min.  Ortho-dihydric phenol was calculated from standard 

curve; catechol was used as a standard. 

5.3 ANALYSIS OF SOIL AND MULCHING MATERIALS 

Analysis of the soil and mulching materials were analyzed as per prescribe methods of 

Jackson (1973), Vogel (1962) according to International Society of Soil Science (1929) 

and Baruah et al. (1997). 

5.3.1 pH and electrical conductivity 

pH and Electrical conductivity of the sample suspension (Soil: Water:: 1:2.5 ) were 

analyzed according to the methods described by the Jackson, (1973) using Systronics 

make calibrated pH and conductivity meter.  

5.3.2 Determination of percentage of Organic carbon 

Organic carbon (%) of the air dried, sieved (80 mesh) soil sample was determined by wet 

digestion, volumetric methods of Walkley & Black (1934). 

5.3.3 Estimation of available Phosphorus 

Available forms of phosphorus were estimated by the colorimetric method of Bray & 

Kuntz (1945) and Dickman and Bray (1940). 
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5.3.4 Determination of available Potassium 

An available form of potassium was determined by the flame photometric method 

described by Stanford & English (1949). 

5.3.5 Determination of available form of Sulphur 

An available form of sulfur was determined by the colorimetric method of Palaskar et al., 

(1981). 

5.3.6 Determination of Chloride 

The chloride content of the sample was determined by the volumetric methods of Baruah 

et al., (1997). 

5.3.7 Moisture Content 

The moisture content of the sample was estimated by the method of Baruah et al., (1997). 

5.3.8 Determination of particle size distribution of Soil 

The Particle size distributions of the soil were evaluated according to the hydrometric 

method described by Bouyoucos (1927) and Day (1965). 

5.4 THIN LAYER CHROMATOGRAPHY FINGER PRINTING 

TLC finger printing profiles of ethanol extract of different grades of handmade tea 

obtained from selected variety tea leaf were carried out using ethanol extract solution.  

Sample extracts were spotted on a pre-coated silica-gel 60 F254 and plate scanned by UV 

scanner and Rf values of resolved band were recorded according to the method described 

by Wagner and Bladt (1996). 

5.5 TEA PROCESSING CONTROLS 

Antioxidants properties were determined, controlling the important parameters like 

withering, fermentation time, temperature, moisture etc. during processing of tea using 

the methods described above.  
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5.6 ESTIMATION OF POLYPHENOL OXIDASE (PPO) 

The activity of PPO will be determined during processing of tea on antioxidants 

properties according to the method described by Augustine et al. (1985). 

5.7 HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 

The analytical determinations of EGCG and ECG were carried out using reverse phase- 

high-performance liquid chromatography in isocratic mode. The Waters HPLC system 

equipped with automated gradient controller, 510 pumps, U6K injector, 481 detectors, 746 

data module and Waters µ-bondapak C18 column (3.9 x 300 mm), was used for the 

analysis. Elution was carried out at an ambient temperature between 24 to 28°C using 

water: methanol: acetic acid (70: 30: 0.5) as a mobile phase at a flow rate 1.0 mL/min. All 

extracts were prepared in triplicate and each extract was analyzed in triplicate. The UV 

detection was carried out at 280 nm. 

5.7.1 Standard solution 

A standard solution of EGCG was prepared by dissolving 4.72 mg of EGCG in 50 ml 

methanol. The standard plot for HPLC analysis was prepared by injecting in triplicate a 

constant volume of 5 µl of serially diluted concentrations containing 9.85, 19.70, 39.40, 

78.80, 157.60 and 315.20 ng/5 µ l of EGCG and noting AUC corresponding to each 

concentration. The standard solution of ECG was prepared by dissolving 3.02 mg of ECG 

in 10 mL methanol. The stock solution was diluted to make 9.40, 18.80, 37.60, 75.20, 

150.40 and 300.8 ng/5 µl dilutions of ECG. A constant volume of 5 µl of each 

concentration was injected in triplicate. The standard plot was prepared as described for 

EGCG and same conditions of analysis were used for the two catechins. 

5.7.2 Linearity of HPLC systems and its sensitivity 

Linear regression was obtained by plotting the peak area versus concentration of a series 

of dilutions for each phenolic compound. The regression lines, expressed as correlation 

coefficients, were linear (r
2
 =1 and 0.9998 for EGCG and ECG respectively) in the 

experimental range. Sensitivity (defined as the lowest measurable concentration of a 

compound in the sample) was determined as that concentration which generated a peak at 



86 

  

least three times higher than the baseline noise range. 

5.8 DETERMINATION OF MINERAL CONTENTS IN TEA 

The tissues sampled of handmade tea were oven-dried at 68ºC for 48 h and ground. The 

Kjeldahl method and a Rapid Kjeldahl Distillation Unit were used to determine total N. 

Macro (P, K, Ca, Mg), and micro elements (Na, Fe, Mn, Zn and Cu) were determined 

after wet digestion of dried and ground sub-samples in a H2SO4-Se-salicylic acid mixture 

as suggested by Bremner (1996). In the diluted digests, P was measured 

spectrophotometrically by the indophenol blue method after its reaction with ascorbic 

acid by UV/VIS spectrophotometer. K, Ca, Na were analyzed by flame photometer and 

Mg, Fe, Mn, and Zn, the analysis was determined by atomic absorption spectrometry 

(ECIL made AAS). 

5.9 STATISTICAL ANALYSIS 

The data were pooled in triplicate and subjected to analysis of correlation coefficient 

matrix using SPSS (Version 12.00, SPSS Inc., Chicago, IL, USA) for drawing the relation 

between different types of antioxidant attributes and MS Excel 2007 (Microsoft, 

Redmond, WA, USA) was used for comparing the antioxidant attributes of different tea 

samples. Different group means were compared by Duncan‟s Multiple Range Test 

(DMRT) through DSAASTAT software (version 1.002; DSAASTAT, Peruglia, Italy); p 

< 0.05 was considered significant in all cases. The software package Statistica (Statsoft 

Inc., Tulsa, OK, USA) was used for analysis of other data. Smith‟s Statistical Package 

version 2.5 (prepared by Gary Smith, CA, USA) was used for determining the IC50 values 

of antioxidants and their standard error of estimates (SEE). In order to examine and 

visualize relationships between different phytochemicals and antioxidant traits, a 

principal component analysis (PCA) based on the correlation matrix was calculated using 

Multivariate Statistical Package (MVSP 3.1). 
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6. RESULTS AND DISCUSSION 

The work has been conducted season wise collected sample of plant materials i.e. selected 

Tea cultivars grown at different agro-soil zones, agro-climatic conditions along with 

processed and unprocessed tea samples. All samples were collected from different tea 

gardens situated at Dooars, Terai, and Darjeeling Hills of North Bengal. 

6.1 SURVEY 

6.1.1 Pilot study for collection of plant materials 

Pilot survey was conducted from the data source of tea gardens of Terai, Dooars and 

Darjeeling hills to document for the distribution of Tea plant varieties and their ages. This 

survey was essential to know growing conditions of tea clones and on the basis of yield 

and standard quality along with commonly used variety was only selected for these 

experiments. From the Table 6.1  it was observed that most of the tea gardens of Terai, 

Dooars and Darjeeling Hills cultivated standard and yield, quality of tea varieties i.e. 

TV1(Accession No. 6202), TV20(Accession No. 6203), TV26(Accession No. 6204), 

TV29(Accession No. 6205), TV30(Accession No. 6206), Tingamara(Accession No. 

6207), Dangri Manipuri(Accession No. 6208), Sundaram (B/5/63, (Accession No. 6209) 

Tinali 17(Accession No. 6210), Takda 7, 8. (Accession No. 6211) Only these 10 selected 

Tea varieties were investigated during three harvest season, March, June and December in 

2006 to 2010. 

6.1.2 Soil sampling 

Soil samples were collected from three different agro-climatic areas of North Bengal and 

samples also were collected from adjacent barren land, multi crops system to document 

the soil degradation pattern due to tea monoculture. Soil (top and sub soil with 0-22.5 cm 

and 22.5-45 cm depth respectively) and composite soil were prepared as per the method 

of Misra et al., (2009).  The samples were processed for physicochemical analysis viz. 

pH, electrical conductivity, soil texture, moisture contents, organic carbon, available form 

of nitrogen, potash as K2O, phosphorus as P2O5, Chloride and sulphur as SO4
=
 (Jackson, 

1973).
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Table 6.1 Tea Research Association (TRA) certified clones cultivated in North Bengal 

 

Region and ages of tea 

Plants 

Standard (with average yield and 

quality) 

Yield (with very high yield and 

average quality) 

Quality (with very high quality 

and average yield) 

Terai (20-50 years) 
TV1, 14, 16, 17, 18, 20, 24, 27, 28, 

Tingamara, Dangri Manipuri 

TV 22, 23, 25, 26, 29, 30, 

Sundaram (B/5/63) 
TV 21, Tinali 17, Takda7,8 

Dooars (20-50 years) 
TV1,14, 16, 17, 18, 20, 24,28, 

Tingamara, Dangri Manipuri 

TV 22, 23, 25, 26, 29, 30, 

Sundaram (B/5/63) 
TV 21, Tinali 17, Takda7,8 

Darjeeling (20-50 years) 

TV 1,14,20,26,29,30, TRA/AV 2, 

BB157, SKIM 1, RR17/144, P1258, 

T78, 135, 383, Tingamara, Dangri 

Manipuri 

HV 39, RR4/5, TV19, CP 1, 

Sundaram (B/5/63) 

BB688, 777, T145, Tinali 17, 

Takda7,8 



90 

  

6.1.3 Record of angiosperms (shade trees and weeds) from tea gardens 

Tea plants occupy the lower stratum in such artificial plant community and are generally 

not mixed with any other species. Shade trees in tea gardens form an open canopy and 

this stratum is usually a mixed community. 24 species of such trees recorded from the 

areas under study have been presented in Table 6.2. Many of these plants are deciduous 

trees and their leafless period has also been recorded in this table. For the selection of 

shade tree species apart from soil conditions some other factors are also need to be 

considered like: (i) shape of the canopy, (ii) economic life, (iii) pest and disease 

resistance, (iv) hardness, (v) depth of root system, and (vi) foliage retention (Singh, 

2005). These factors have definite bearing on the management of the shade trees and help 

to determine spacing, amount of lopping required and rotation. The more resistant the 

trees to pests, diseases and storm damage, the easier will be their maintenance. A deep 

rooted system of shade trees is desirable as it can explore the soil below the rhizosphere 

depth of the tea roots. However, it should be noted that a high water table will restrict the 

root development of shade trees. 

Table 6.2 also shows the leafless period of different recorded shade trees. Rejected 

leaves, after receiving irrigation water or few showers of rain, got decomposed and 

enriched the soil. Further, it reduces heat of the soil, loss of soil moisture and improves 

the physical properties of soil. On the basis of leafless period and the agro-climatic 

conditions, the intimate mixtures of shade trees are helpful. This type of mixtures for 

Dooars and Terai may be Dalbergia sissoo, Adenanthera pavonina, Albizzia 

odoratissima, Albizzia lebbek and Indigofera teysmanii. It is well established fact that in 

the plains of North East India, provision of some form of shade by planting shade trees is 

a must for better growth and production of tea. In the study areas 24 species of shade trees 

has been recorded and the specimen sample were deposited at Department of Botany, 

University of North Bengal. 
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Table 6.2  Shade Tree species in different soil [DSR = Dry, Sandy and Riverine] 

Name of shade trees [Acc no of 

submitted herbarium specimens] 
Family Soil type Land type Leafless period Used in 

Acacia auriculiformis A. Cunn. ex 

Benth. [Accession No. 6126 ] 
Fabaceae 

DSR, Swampy, 

Moist, Alkaline 
Plains - Plantation 

Acacia catechu (L.f.) Willd. [Accession 

No. 6127 ] 
Fabaceae DSR 

Denuded hill slope, 

Land slide prone hill 

slope 

- 
Plantation, 

Nursery 

Acacia lenticularis Benth. [Accession 

No. 6128] 
Fabaceae DSR, Moist Denuded hill slope March to April 

Plantation, 

Nursery 

Adenanthera pavoniana L. [Accession 

No. 6129] 
Fabaceae DSR, Alkaline Denuded hill slope 

January to 

March 

Plantation, 

Nursery 

Albizia chinensis (Osbeck) Merril. 

[Accession No. 6130 ] 
Fabaceae DSR, Alkaline Plains 

January to 

March 
Plantation 

Albizia lebbeck (L.) Benth. [Accession 

No. 6131 ] 
Fabaceae DSR, Alkaline Plains January to April 

Plantation, 

Nursery 

Albizia moluccana Miq. Accession No. 

6132 ] 
Fabaceae DSR Plains March Plantation 

Albizia odoratissima (L.f.) Benth. 

[Accession No. 6133] 
Fabaceae DSR, Alkaline Denuded hill slope 

December to 

February 

Plantation, 

Nursery 

Albizia procera (Roxb.) Benth. 

[Accession No. 6134 ] 
Fabaceae Moist, Alkaline Plains February to May Plantation 

Azadirachta indica Juss. [Accession No. 

6135 ] 
Meliaceae DSR Plains 

January to 

March 
Plantation 

Butea monosperma (Lam.) Kuntz. 

[Accession No. 6136 ] 
Fabaceae Swampy Plains 

December to 

February 
Plantation 

Cajanus cajan (L.) Millsp. [Accession 

No. 6137 ] 
Fabaceae DSR Plains - Nursery 

Cassia siamea Lam. [Accession No. 

6138 ] 
Fabaceae Moist 

Plains, Denuded hill 

slope 
- 

Plantation, 

Nursery 
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Table 6.2  Shade Tree species in different soil [DSR = Dry, Sandy and Riverine] 

Name of shade trees [Acc no of 

submitted herbarium specimens] 
Family Soil type Land type Leafless period Used in 

Dalbergia assamica Benth. . [Accession 

No. 6139 ] 
Fabaceae DSR Denuded hill slope 

December to 

March 
Plantation 

Dalbergia sericea G.Don. [Accession 

No. 6140 ] 
Fabaceae DSR Denuded hill slope 

December to 

March 

Plantation, 

Nursery 

Dalbergia sissoo DC. . [Accession No. 

6141 ] 
Fabaceae 

DSR, Swampy, 

Alkaline 

Plains, Land slide prone 

hill slope 

December to 

February 

Plantation, 

Nursery 

Derris robusta Benth.[Accession No. 

6142] 
Fabaceae DSR Denuded hill slope 

December to 

February 

Plantation, 

Nursery 

Gmelina arborea Roxb. [Accession No. 

6143] 
Verbenaceae DSR, Moist Denuded hill slope February to May 

Plantation, 

Nursery 

Grevillea robusta Cunn. ex R. Br. 

[Accession No. 6144 ] 
Proteaceae DSR Denuded hill slope - Plantation 

Indigofera teysmanii Miq. [Accession 

No. 6145 ] 
Fabaceae DSR, Moist Denuded hill slope 

January to 

March 

Plantation, 

Nursery 

Melia azedarach L.  [Accession No. 

6146 ] 
Meliaceae 

DSR, Swampy, 

Moist, Alkaline 

Land slide prone hill 

slope 
January to May Plantation 

Millingtonia hortensis L.f. [Accession 

No. 6147 ] 
Bignoniaceae Swampy Plains 

January to 

March 
Plantation 

Neolamarkia cadamba (Roxb.)Boss.  

[Accession No. 6148 ] 
Rubiaceae Moist Plains - 

Plantation, 

Nursery 

Trema orientalis (L.) Bl.  [Accession 

No. 6149] 
Ulmaceae DSR Plains - Plantation 
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Table 6.3  Common weeds grown in Tea gardens of Darjeeling, Terai and Dooars 

Name (Accn. no.) Vegetative period Flowering period 
Seed forming 

period 
Ageratum conyzoids L. [Accession No. 6177 ] March to June July to October July to December 

Ageratum haustonianum Miller [Accession No. 6178] March to June June to December June to January 

Amranthus spinosus L. [Accession No. 6175 ] May to August September to December September to 

December 

Arundinella benghalensis (Spreng.) Druce [Accession No. 6150 ] April to May July to September August to September 

Axonopus compressus (Sw.) P. Beauv. [Accession No. 6151] 

 

April to May May to September June to October 

Borreria alata (Aubl.) DC. [Accession No. 6152 ] April to august September to November October to 

November 

Centella asiatica (L.) Urban.[Accession No. 6176] February to April June to October July to November 

Cynodon dactylon (L.) Pers.[Accession No. 6153 ] February to September March to November April and November 

Cyperus pilosus Vahl [Accession No. 6154 ] April to May May to September July to September 

Cyperus rotundas L. [Accession No. 6155 ] February to March March to July May to August 

Digitaria ciliaris L. [Accession No. 6171 ] March to May June to September July to September 

Digitaria sanguinalis (L.) Scop.[Accession No. 6156 ] March to April May to September June to October 

Eragrostis tenela (L.) R. Br. ex Roem. & Schult. [Accession No. 

6170 ] 

February to June June to August July to August 

Eupatorium odoratumL. [Accession No. 6157] May to October November to January December to January 

Fimbristylis miliacea (L.) Vahl [Accession No. 6158 ] April to June June to September December to January 

Imperata cylindrica (L.) Raeus. [Accession No. 6159 ] June to September April to May May to November 

Justisia prostrata Gamble [Accession No. 6173 ] June to November December to March January to March 
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Table 6.3  Common weeds grown in Tea gardens of Darjeeling, Terai and Dooars 

Name (Accn. no.) Vegetative period Flowering period 
Seed forming 

period 

Kyllinga nemoralis (J.R. Forst. & G. Forst.) Dandy ex Hutch . 

[Accession No. 6160 ] 
April to June June to September August to September 

Mikania micrantha H. B. K. [Accession No. 6161] June to October November to January December to January 

Mimosa pudica L.[Accession No. 6162 ] June to September May to June 
November to 

February 

Panicum repens L. [Accession No. 6172] December to March April to September May to September 

Paspalum conjugatum Berg. [Accession No. 6163 ] March to April May to June May to August 

Paspalum sp [Accession No. 6164 ] March to April May to September June to October 

Polygonum chinense L. [Accession No. 6165 ] May to August September to April May and November 

Polygonum perfoliatum L. [Accession No. 6166 ] January to March March to June May to July 

Saccharam spontaneum L.[Accession No. 6167 ] April to July August to October 
September to 

October 

Setaria glauca  (L.) Beauv. [Accession No. 6168 ] February to March April to September May to October 

Setaria palmifolia (Koen.) Stapf. [Accession No. 6169 ] February to April September to November November 

Thunbergia mysorensis (Wight) T. Anderson [Accession No. 6174] January to May June to October July to October 
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It is a well known fact that with increase in elevation, there is a decrease in temperature. 

With every 100 meters increase in altitude, there is a decrease in temperature by 0.6°C-

0.7°C. This together with the fact that wind speed in the hills are usually greater than on 

the plains, shade trees for reducing leaf temperature will not be required above certain 

elevations in Darjeeling. Other than very young tea bushes, the leaves of the same bush 

provide shade to each other and the lower leaves in a canopy rarely receive anything like 

one quarter of the optimum light intensity during the day. Therefore, by shading the upper 

leaves with a shade tree, the majority of leaves do not have sufficient light' for maximum 

photosynthesis. The amount of light reaching the bottom of the bush stratum depends 

mainly on the type of tea bush. In case of large horizontal leaf types, it would be less than 

that of semi-erect hybrid type which would be much greater. This is known that by of 

reflection from the more upright leaves, more light would be reflected on the down ward 

canopy. As both non-heating and heating lights get reflected, upright leaves do not get as 

overheated as horizontal leaves under normal conditions. The main reason why exposed 

leaves in N.E. India (except Darjeeling) become excessively hot is that in general our 

wind speeds are very low during the hottest times of the year. Wind is very effective in 

removing excess heat. Therefore, growing shade trees in tea gardens are very much 

essential as a means of reducing the deleterious effects of heating from sunlight. About 29 

species of weeds recorded from the areas under study have been presented in Table 6.3, 

also deposited to North Bengal University herbarium. 

The listed species of shade trees can be used in different soil conditions and 

should be planted in advance, before planting tea plants. During rehabilitating old tea 

lands, shade trees should be planted at the beginning. These plants are to be selected 

judging the soil condition of the area under consideration. 

6.1.4 Collection of Mulching Materials 

The Mulching materials i.e. pruning litters, grass sp, (Table 6.4) shaded leaf litter were 

collected from the tea gardens of different agro-climatic areas of North Bengal. 
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Table 6.4 Commonly used mulching materials/ green manure crops grown in tea plantation in North Bengal 

 

Name of species Family Local Name Mulching time 

Ageratum conyzoides L. [Accession No. 6193 ] Asteraceae - January to March 

Bidens pilosa L. [Accession No. 6199 ] Asteraceae - January to March 

Cajanus cajan (L.) Millsp. [Accession No. 6190 ] Fabaceae Arhar January to March 

Cassia tora L.[Accession No. 6188 ] Fabaceae June jhune January to March 

Chromolena odorata (L.) R. M. King & H. Rob. [Accession 

No. 6192] 
Asteraceae Assamlata January to March 

Crotalaria alata Buch.-Ham. ex D.Don [Accession No. 6185 ] Fabaceae - January to March 

Crotalaria cytisoides Roxb. ex DC.  [Accession No. 6186 ] Fabaceae - January to March 

Crotalaria mucronata Desv. [Accession No. 6184 ] Fabaceae Junjuni January to March 

Cymbopogon pendulus (Nees ex Steudel) J.F. Watson 

[Accession No. 6201 ] 
Poaceae Lebughas January to March 

Desmodium sp [Accession No. 6189 ] Fabaceae - January to March 

Guatemala sp [Accession No. 6181] Poaceae Guatemala January to March 

Imperata cylindrica L. [Accession No. 6200 ] Poaceae Kush January to March 
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Table 6.4 Commonly used mulching materials/ green manure crops grown in tea plantation in North Bengal 

 

Name of species Family Local Name Mulching time 

Mimosa invisa Martius ex Colla [Accession No. 6179 ] Fabaceae Sada Lajjaboti January to March 

Mimosa pudica L. [Accession No. 6180 ] Fabaceae Lajjaboti January to March 

Mitracarpus verticilatus (Schumach. & Thonn.) Vatke  

[Accession No. 6196 ] 
Rubiaceae - January to March 

Napiar sp [Accession No. 6182 ] Poaceae Napier January to March 

Sesbania sesban (L.) Merrill [Accession No. 6187 ] Fabaceae Dhonche January to March 

Spermacocce alata Aubl [Accession No. 6194 ] Rubiaceae Alughas January to March 

Spermacocce ocymoides  Burm. f. [Accession No. 6195 ] Rubiaceae - January to March 

Tephrosia candida DC.[Accession No. 6183 ] Fabaceae - January to March 

Trema orientalis (L.) Blume [Accession No. 6191 ] Ulmaceae - January to March 

Tridax procumbens L. [Accession No. 6198 ] Asteraceae - January to March 

Vernonia cinerea Less. [Accession No. 6197 ] Asteraceae - January to March 

http://www.mybis.gov.my/sp/41329
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Generally most of the garden used pruning litter as mulching materials during the dry 

spell after immediate cutting of the branches of the tea to reduce the loss of soil moisture 

and also after decomposition; it is used as green manure. 

6.2 PHYSICO-CHEMICAL ATTRIBUTES OF TEA SOIL OF TERAI, DOOARS 

AND DARJEELING OF NORTH BENGAL 

Tea growing areas of North Bengal are mostly confounded in the Terai and Hilly region 

of Darjeeling district and Dooars region of Jalpaiguri District. The Tista, Torsha, 

Jaldhaka, Kaljani, Rydak and mainly Sankosh river basin under North Bengal have large 

catchment area in the hills where the rivers cut down the ridge and mountain to come 

down to the plains of Terai and Dooars area (Roy et al., 2012) of the lower foothills of 

Terai and Dooars are very susceptible to disposition of dolomite loam and sand.  In 

Darjeeling district, tea is mainly grown in some part of Terai regions and mountain slopes 

at an altitude of 100-2,000 m msl of Hills and in Jalpaiguri district, it is grown mainly in 

Dooars region. These Sub-Himalayan mountainous tracts are characterized by deep steep 

sided valley, intercepted by terraced high lands, immediately to the south of the 

Himalayas. Tea naturally grows in this tropical to subtropical conditions, where the 

annual rainfall is more than 200 cm (Jana, 1994). Tea thrives well under acid, well 

drained sloping ground, sandy loam, heterogeneous soil and climatic conditions. It is well 

known fact that for the plant growth i.e. optimizing the yield of tea and its quality-

quantity of secondary metabolites are highly influenced by the soil physicochemical 

characters (Misra et al., 2009). Henceforth, evaluations of fertility status of soil are 

necessary to make a proper management and sound fertilizer recommendation. 

6.2.1 Correlation among physico-chemical properties of soil 

The soil pH was positively correlated (Table 6.5) with sand content, available nitrogen, 

phosphorus and moisture content were negatively correlated with clay, silt and available 

potassium, sulphur and chloride and EC. The EC had a negative correlation with silt, pH, 

and available nitrogen. The EC had significant positive correlation with potassium, 

phosphorous, sulphur, chloride and moisture. Soil organic carbon, organic matter, 

available nitrogen, phosphorus, potassium, sulphur, moisture content and chloride had a 
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Table 6.5 Correlation matrix analysis among physicochemical properties of soil, Dooars region 

 

Variables Clay% Silt% sand% pH 
EC 

(mmho) 
OC% OM% 

Av 

N% 

Av P 

(ppm) 

Av 

K(PPM) 

Av 

S(ppm) 
MC% Cl‾(ppm) 

Clay% 1 0.339 -0.887 -0.238 0.098 0.021 0.021 0.021 -0.176 0.345 0.003 -0.135 0.011 

Silt% 0.339 1 -0.735 -0.407 -0.155 -0.305 -0.305 -0.305 -0.238 0.217 -0.189 -0.258 -0.119 

sand% -0.887 -0.735 1 0.373 0.003 0.135 0.135 0.135 0.244 -0.355 0.088 0.221 0.048 

pH -0.238 -0.407 0.373 1 -0.324 0.152 0.152 0.152 0.071 -0.432 -0.368 0.061 -0.284 

EC (mmho) 0.098 -0.155 0.003 -0.324 1 -0.188 -0.188 -0.188 0.498 0.239 0.813** 0.551** 0.394 

OC% 0.021 -0.305 0.135 0.152 -0.188 1 1.000 1.000 0.051 0.122 -0.017 0.060 0.223 

OM% 0.021 -0.305 0.135 0.152 -0.188 1.000 1 1.000 0.051 0.122 -0.017 0.060 0.223 

Av N% 0.021 -0.305 0.135 0.152 -0.188 1.000 1.000 1 0.051 0.122 -0.017 0.060 0.223 

Av P (ppm) -0.176 -0.238 0.244 0.071 0.498 0.051 0.051 0.051 1 0.193 0.589 0.808 0.399 

Av 

K(PPM) 
0.345 0.217 -0.355 -0.432 0.239 0.122 0.122 0.122 0.193 1 0.390 0.176 0.303 

Av S(ppm) 0.003 -0.189 0.088 -0.368 0.813 -0.017 -0.017 -0.017 0.589 0.390 1 0.585 0.446 

MC% -0.135 -0.258 0.221 0.061 0.551 0.060 0.060 0.060 0.808** 0.176 0.585 1 0.469 

Cl‾(ppm) 0.011 -0.119 0.048 -0.284 0.394 0.223 0.223 0.223 0.399 0.303 0.446 0.469 1 

**Correlation is significant at the p<0.01 level (2-tailed). 
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positive correlation with nutrient and physical parameter, suggesting that soil organic 

carbon increased the availability of nutrients under tea growing soil. Strong and positive 

correlation was observed between EC and available sulphur (r = 0.813), moisture and 

available phosphorus (r = 0.808) which indicated that the cation adsorption at the 

exchange sites of the clay. 

The soils (0-45 cm) of six tea garden in Terai region; viz. New Chumta, 

Sayedabad, Hansqua, Gayaganga, Motidhar and Paharghumia were recorded. 

Physicochemical properties of soils were strong to moderately acidic (4.10 to 5.34) with 

low EC. Soils were sandy loam in texture. The clay content varied from 6.6 to 20.4%. 

The organic carbon, organic matter and available nitrogen content varied from 0.98 to 

1.60%, 1.54 to 2.77 % and 0.14 to 0.22 % respectively in young, 0.95 to 1.80, 1.65 to 

2.94, 0.13 to 0.24% in medium and 0.85 to 1.90, 1.47 to 3.28, 0.12 to 0.26% in old aged 

soils. The highest available nitrogen was obtained with Motidhar TG  and the lowest in 

Gayaganga TG. Available phosphorus content varied between 8.92 to 32.55 ppm in 

young, 9.22 to 25.96 ppm in medium and 3.91 to 41.08 ppm in old aged soils and wide 

variation of soil available P might be due to the fixation of phosphorus in soil as insoluble 

aluminium and iron phosphate, higher acidity and poor application of rock phosphate. 

Available K content varied from the medium to high. Higher potassium content was 

found in both medium and young aged sections of all tea soils respectively. Available 

Sulphur was below recommended levels of all section and Chloride was within limits of 

all section. Moisture content were highest in medium aged section of Motidhar tea 

garden, this is because of using mulching in dry spell and comparatively satisfactory 

levels of organic matter. Soil were compared with virgin and multicrops system of very 

closest area from respective tea garden, it was found that pH lies in between 4.1 to 5.50, 

EC were within limits and all nutrients were satisfactory levels in Terai region. 

The pH had a significant positive correlation (Table 6.6) with available nitrogen (r 

= 0.642**), Phosphorus (r = 0.567**) which indicated that availability of P were 

dependent on soil acidity. Available K had positive correlation with available N (r= 

0.439**), S(r= 0.391**), MC(r=0.456**). 
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Table 6.6 Correlation matrix analysis among physicochemical properties of soil, Terai region 

 

Variables clay% Silt% sand% pH 
EC 

(mmho) 
OC% OM% Av N% 

Av P 

(ppm) 

Av 

K(PPM) 

Av 

S(ppm) 
MC% Cl‾(ppm) 

clay% 1 -0.139 -0.778 0.056 -0.047 -0.199 -0.199 -0.200 0.076 0.188 0.175 -0.106 0.125 

Silt% -0.139 1 -0.514 -0.051 0.156 -0.329 -0.329 -0.366 -0.142 -0.173 0.126 -0.135 -0.047 

sand% -0.778 -0.514 1 -0.017 -0.058 0.383 0.383 0.406 0.023 -0.053 -0.234 0.177 -0.077 

pH 0.056 -0.051 -0.017 1 -0.108 0.615** 0.715** 0.642** 0.567** -0.266 -0.154 -0.486 -0.519 

EC (mmho) -0.047 0.156 -0.058 -0.108 1 0.406** 0.407** 0.377 0.010 0.044 -0.030 0.219 -0.013 

OC% -0.199 -0.329 0.383 -0.215 0.406 1 1.000 0.972** 0.065 0.423 0.146 0.441 0.306 

OM% -0.199 -0.329 0.383 -0.215 0.407 1.000 1 0.972** 0.064 0.424 0.146 0.441 0.305 

Av N% -0.200 -0.366 0.406 -0.242 0.377 0.972** 0.972** 1 0.104 0.439 0.189 0.475 0.318 

Av P (ppm) 0.076 -0.142 0.023 0.031 0.010 0.065 0.064 0.104 1 -0.017 0.054 0.045 0.284 

Av K(PPM) 0.188 -0.173 -0.053 -0.266 0.044 0.423 0.424 0.439 -0.017 1 0.391** 0.456 0.322 

Av S(ppm) 0.175 0.126 -0.234 -0.154 -0.030 0.146 0.146 0.189 0.054 0.391 1 0.298 0.357 

MC% -0.106 -0.135 0.177 -0.486 0.219 0.441 0.441 0.475 0.045 0.456 0.298 1 0.468 

Cl‾(ppm) 0.125 -0.047 -0.077 -0.519 -0.013 0.306 0.305 0.318 0.284 0.322 0.357 0.468 1 

**Correlation is significant at the p<0.01 level (2-tailed).  
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The soils (0-45 cm) of six tea garden in Hills of Darjeeling region viz: Phubsering, 

Singtom, Ambootia, Happy Valley, Soom and Chamong were recorded for three times in 

a year for five years. Soils pH were found to be strong to moderately acidic in nature 

(4.11 to 5.50), with low electrical conductivity (EC), might be due to leaching of soluble 

salts by heavy rainfall. Soils under study were sandy loam to sandy clay loom in texture 

and the clay content varied from 8.5 to 41.20.  The organic carbon, organic matter and 

available nitrogen content were high in all section and these variations might be due to 

the effect of management practices of these locations. The availability of soil P varied 

from 10.65 to 78.96 under low, medium and high elevations respectively. The higher 

availability of phosphorus under lower elevation was observed. The available soil K 

content varied from 86.94 to 445.57 ppm. Soil pH had a positive correlation (Table 6.7) 

with all nutrients. The P had a significant correlation with EC, organic carbon and 

available potassium. The K had a significant positive correlation with nitrogen, P, S. 

Soil were compared with virgin and multicrops system of very closest area from 

respective tea garden, it was found that pH lies in between 4.26 to 5.40 and all nutrients 

were satisfactory levels in  Hills region. 

The soils (0-45 cm) of six tea garden in Dooars region viz. Debpara, Binnaguri, 

Nagrakata, Ghatia, Samsing and Indong were recorded to be strong to moderately acidic 

in reaction [4.15 to 5.5]. The soils varied from sandy loam to clay laom in texture. Among 

the six tea gardens of Dooars regions, the soils of Debpara and Binnaguri tea garden were 

predominantly sandy loam to clay loam in texture; whereas, the soils of Nagrakata and 

Ghatia were clay loam to clay in texture.  Samsing and Indong were Sandy clay loam to 

clay loam.  The organic carbon, organic matter and available nitrogen percent varied from 

0.69 to 1.75, 1.2 to 3.03 and 0.1 to 0.24% respectively in young, 0.45 to 1.80, 0.78 to 3.12 

and 0.06 to 0.25% respectively in medium and 0.41 to 0.78, 0.71 to 1.35 and  0.06 to 

0.11% respectively  in old aged soils of Dooars region. The organic carbon, organic 

matter and available nitrogen  was found relatively higher in young  aged section of 

Ghatia and Samsing and medium aged section of Debpara, Binnaguri, Nagrakata tea 

garden and  aged section of Indong tea garden. The available nitrogen status of all the 
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Table 6.7 Correlation matrix analysis among physicochemical properties of soil, Darjeeling hills region 

Variables Clay% Silt% sand% pH 
EC 

(mmho) 
OC% OM% 

Av 

N% 

Av P 

(ppm) 

Av 

K(PPM) 

Av 

S(ppm) 
MC% Cl‾(ppm) 

Clay% 
1 0.553 -0.916 -0.214 0.100 -0.010 -0.010 -0.010 -0.018 -0.042 0.175 -0.272 -0.090 

Silt% 
0.553 1 -0.841 -0.434 0.224 -0.156 -0.156 -0.156 0.247 0.000 0.305 -0.115 -0.005 

sand% 
-0.916 -0.841 1 0.348 -0.173 0.082 0.082 0.082 -0.107 0.028 -0.261 0.232 0.061 

pH 
-0.214 -0.434 0.348 1 -0.116 0.531** 0.631 0.631 0.461** 0.515** 0.359 0.137 -0.126 

EC (mmho) 
0.100 0.224 -0.173 -0.116 1 0.409 0.409 0.409 0.583 -0.018 0.072 0.320 0.466 

OC% 
-0.010 -0.156 0.082 -0.031 0.409 1 1.000 1.000 0.594 0.503 0.104 0.374 0.126 

OM% 
-0.010 -0.156 0.082 -0.031 0.409 1.000 1 1.000 0.594 0.503 0.104 0.374 0.126 

Av N% 
-0.010 -0.156 0.082 -0.031 0.409 1.000 1.000 1 0.594 0.503 0.104 0.374 0.126 

Av P (ppm) 
-0.018 0.247 -0.107 -0.161 0.583 0.594 0.594 0.594 1 0.216 0.074 0.179 0.237 

Av K(PPM) 
-0.042 0.000 0.028 -0.015 -0.018 0.503 0.503 0.503 0.216 1 0.234 0.248 -0.154 

Av S(ppm) 
0.175 0.305 -0.261 -0.359 0.072 0.104 0.104 0.104 0.074 0.234 1 -0.192 0.204 

MC% -0.272 -0.115 0.232 0.137 0.320 0.374 0.374 0.374 0.179 0.248 -0.192 1 0.187 

Cl‾(ppm) -0.090 -0.005 0.061 -0.126 0.466 0.126 0.126 0.126 0.237 -0.154 0.204 0.187 1 

 

**Correlation is significant at the 0.01 level (2-tailed). 
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soils were generally low to medium and this variation might be due to leaching loss, 

emission of nitrous oxide of Nitrogen from the surface soil and less moisture content. 

Available Phosphorus content varied between 20.30 to 95.00 ppm in young, 13.8 to 58.20 

ppm in medium and 22.90 to 32.5 ppm in old aged soils of Dooars. Higher P content was 

found with medium aged section of Debpara, Binnaguri and Samsing and the lowest was 

with medium aged sections of Indong. The available Potassium content was found low to 

medium. Maximum potassium content was found with young section of Samsing and the 

lowest was with aged sections of Indong tea soil. Available Sulphur were below 

recommended levels of all section and Chloride, Electrical conductivity were within 

limits of all section. Moisture content were highest in medium aged section of Debpara, 

Samsing and Nagrakata tea garden, this is because of using mulching in dry spell and 

comparatively satisfactory levels of organic matter. Soil were compared with virgin and 

multicrops system of very closest area from respective tea garden, it was found that pH 

lies in between 4.56 to 5.50, EC were within limits and all nutrients were maintained at a 

certain limits of all tea garden in Dooars region. Tea is monoculture crops and planters 

used more nutrient supplements that‟s why widely varied in tea gardens‟ soil. 

The results have undoubtedly shown that the antioxidant quality of tea is best, 

preferable sandy-loam soil having the soil pH is in between 4.50-5.00, electrical 

conductivity less than 0.5 mmho, available form of nitrogen status 0.13%, phosphorous as 

P2O5 is in between 15-45 ppm, potassium as K2O is in between 80-100ppm, sulphur is 

30-45ppm, chloride 0.1ppm and moisture content at 15-20% level. Soil agronomic 

practices greatly influence the antioxidant and phytochemical attributes of tea. Further 

studies were undertaken for the characterization of individual components of bioactive 

fractions of tea extracts to elucidate the mechanisms for restoring high antioxidant 

activity. 

6.3 PHYTOCHEMICAL QUALITY OF FRESH TEA SHOOTS AND 

PROCESSED HANDMADE TEA 

During the past hundred years of tea research, many organizations have released cultivars 

of tea for the tea gardens. The features of these cultivars have been described in various 

publications in tea research, but no where they have been compiled together and 
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described in simpler form for its use. Therefore this pioneering work has been conducted 

in general for selecting suitable cultivars for their specific growing conditions at different 

tea gardens of North Bengal. These cultivars are described briefly under the following 

heads- quality, flavour etc. The cultivars are standard in respect of yield and cup quality. 

There are no cultivars which incorporate all the desirable characteristics of an ideal tea. 

Therefore, here we described suitable characteristics of tea cultivars intended for 

cultivation in North Bengal regions. 

The tea manufacturing process is an instrumental in disrupting the cellular 

integrity in green tea shoots and in so doing, facilitated the mixing of polyphenols held in 

the cell vacuoles with cytoplasmic Polyphenol Oxidases. The biochemical and chemical 

reaction which then started with the uptake of atmospheric oxygen, resulting in formation 

of pigmented hot water soluble polyphenolic compounds characterized the quality of tea. 

Table 6.8 to 6.17 shows the quality of fresh green leaves and made tea of Terai, 

Dooars and Darjeeling Hills at the different seasons. Young green tea shoots of all 

selected tea cultivar shows extremely rich in polyphenolic compounds, the largest group 

being the catechins which constitute up to 30% of the dry weight of the materials. These 

findings are comparable with the observation of Robert (1962). Although there are other 

classes of phenols presenting shoots and made tea, all are present in relatively low 

concentration and none have been shown to be involved to the formation of black tea 

pigments during the fermentation process. Climate and agronomical factors affect both 

the flavonol content of green tea shoots and the composition of the resulting made tea 

liquor. It was observed that better liquor quality might be obtained if tea clones were 

maintained under 25% shade in North Bengal, with appropriate ratio of galated and non 

galated catechin. Table 6.8 to 6.17 showed that during the slow growing season, the level 

of polyphenols, flavonols, tannins and the free radical scavenging activities increased, 

whilst those of the other like flavor index decreased. Same finding was also observed by 

Hilton and Palmer (1973) in Malawi. Again the findings were confirmed by Cassman et 

al. (1990) who suggested that during the cold and dry season flavonol concentration in 

green leaves closely resemble to those in Kenyan bushes which because of altitude, grow 

slowly throughout the whole year. 
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Table 6.8 Biochemical and antioxidant properties of fresh Tea Shoots and made tea of TV1 

Cultivar:  TV1 

Phytochemicals and antioxidant quality 

TG Seasons Fresh Tea Shoots Handmade Tea 

  
Total phenol 

(%) 

Flavonols 

(%) 
Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

PPO 

activities  

QO2 μl/ mg 

Total phenol 

(%) 

Flavonols 

(%) 

TF/ 

TR 
Quinone Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

Terai 

 

 

March 26.15±0.02 12.61±0.15 20.23±0.23 42.9±0.48 99.49±0.32 15.85±0.21 16.23±0.14 1.62±0.25 0.13 0.13±0.0.1 14.53±0.32 43.64±0.32 99.51±0.58 

June 25.86±0.05 12.51±0.21 19.84±0.24 42.4±0.34 99.12±.025 15.010.32± 15.65±0.12 1.58±0.23 0.12 0.1±0.01 14.22±0.25 43.26±0.28 99.42±0.65 

December 24.99±0.07 12.48±0.32 19.81±0.36 42.3±0.39 98.68±0.21 16±0.14 15.48±0.14 1.61±0.21 0.12 0.11±0.01 14.21±0.28 43.18±0.41 99.37±0.92 

Dooars 

 

 

March 26.95±0.04 13.41±0.25 21.03±0.28 43.7±0.34 99.51±0.32 16.0±0.12 17.03±0.28 2.42±0.11 0.13 0.53±0.03 14.93±0.21 44.04±0.47 99.52±0.58 

June 26.56±0.09 13.2±0.28 20.54±0.39 43.1±0.37 99.18±0.39 15.71±0.17 16.35±0.36 2.28±0.12 0.13 0.61±0.04 14.72±0.18 43.76±0.41 99.48±0.62 

December 25.89±0.07 13.38±0.45 20.71±0.18 43.2±0.30 98.57±0.21 16.9±0.32 16.38±0.18 2.51±0.10 0.12 0.41±0.01 14.51±0.19 43.48±0.40 99.51±0.60 

Darjeelin

g Hills 

 

 

March 28.45±0.01 14.91±0.29 22.53±0.32 45.2±0.39 99.52±0.34 18.15±0.32 18.53±0.39 3.92±0.11 0.13 0.73±0.04 15.13±0.17 44.24±0.29 99.68±0.39 

June 28.26±0.02 14.91±0.19 22.24±0.39 44.8±0.25 99.36±0.41 17.41±0.21 18.05±0.12 3.98±0.12 0.15 1.01±0.06 15.12±0.13 44.16±0.39 99.47±1.0 

December 27.19±0.08 14.68±0.23 22.01±0.42 44.5±0.29 98.64±0.47 18.2±0.31 17.68±0.18 3.81±0.13 0.14 0.51±0.06 14.61±0.2 43.58±0.32 99.56±1.2 

All data are presented as the mean of three experiments (Mean ± SE) 
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Table 6.9 Biochemical and antioxidant properties of fresh Tea Shoots and made tea of TV20 

Cultivar:  TV20 

Phytochemicals and antioxidant quality 

TG Seasons Fresh Tea Shoots Handmade Tea 

  
Total 

phenol (%) 

Flavonols 

(%) 
Tannins Yield (%) 

Percent of 

Free 

radical 

scavengin

g activities 

PPO 

activities  

QO2 μl/ mg 

Total 

phenol 

(%) 

Flavonols 

(%) 

TF/ 

TR 
Quinone Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

Terai 

 

 

March 28.58±0.1 12.95±0.29 23.53±0.32 46.95±0.57 99.67±1.2 15.7±0.8 19.1±0.2 2.01±0.02 0.14 0.14±0.01 14.96±0.8 47.58±1.2 99.73±2.8 

June 28.47±0.12 12.32±0.5 22.53±0.56 46.32±0.31 99.22±1.5 15.6±0.45 18.98±0.32 2.01±0.03 0.13 0.12±0.04 14.23±0.72 47.11±0.21 99.68±6.3 

December 28.51±0.21 12.56±0.54 21.45±0.35 46.15±0.39 99.15±2.3 16.1±0.2 18.55±0.32 1.85±0.01 0.15 0.11±0.01 15.12±0.98 46.52±0.32 99.58±5.2 

Dooars 

 

 

March 29.38±0.18 13.75±0.62 24.33±0.48 47.75±0.30 99.14±3.1 16.5±0.37 19.9±0.52 2.81±0.02 0.13 0.54±0.05 15.36±0.69 47.98±3.1 99.78±3.1 

June 29.17±0.14 13.02±0.14 23.23±0.47 47.02±0.25 99.47±1.1 16.3±0.27 19.68±0.36 2.71±0.04 0.13 0.62±0.01 14.73±0.54 47.61±3.2 99.72±3 

December 29.41±0.21 13.46±0.69 22.35±0.28 47.05±0.3 98.56±1.5 17±0.17 19.45±0.28 2.75±0.09 0.12 0.41±0.05 15.42±0.87 46.82±3.1 99.69±2.8 

Darjeeling 

Hills 

 

 

March 30.88±0.32 15.25±0.54 25.83±0.65 49.25±0.7 99.12±1.8 18±0.39 21.4±0.23 4.31±0.05 0.13 0.74±0.03 15.56±0.78 48.18±1.8 99.71±2.1 

June 30.87±0.31 14.72±0.58 24.93±0.32 48.72±0.45 99.26±1.4 18±0.39 21.38±0.28 4.41±0.08 0.15 1.02±0.08 15.13±0.74 48.01±2.1 99.58±2.8 

December 30.71±0.28 14.76±0.57 23.65±0.32 48.35±0.39 98.45±3.1 18.3±0.9 20.75±0.34 4.05±0.01 0.14 0.51±0.01 15.52±0.98 46.92±3.6 99.73±2.5 

All data are presented as the mean of three experiments (Mean ± SE) 
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Table 6.10 Biochemical and antioxidant properties of fresh Tea Shoots and made tea of TV26 

Cultivar:  TV26 

Phytochemicals and antioxidant quality 

TG Seasons Fresh Tea Shoots Handmade Tea 

  
Total 

phenol (%) 

Flavonols 

(%) 
Tannins Yield (%) 

Percent of 

Free 

radical 

scavengin

g activities 

PPO 

activities  

QO2 μl/ mg 

Total 

phenol 

(%) 

Flavonols 

(%) 

TF/ 

TR 
Quinone Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

Terai 

 

 

March 22.88±0.23 12.23±0.21 18.29±0.30 41.88±1.5 99.71±3.2 13.82±1.1 12.49±0.5 1.55±0.78 0.11 0.14±0.01 9.88±1 42.35±2.3 99.61±4.5 

June 22.61±0.32 12.52±0.31 18.11±0.32 41.65±1.5 99.84±3.1 13.25±1.2 12.31±0.58 1.42±0.25 0.11 0.11±0.01 9.91±1.1 42.18±3.1 99.47±4.3 

December 22.73±0.35 12.41±0.23 18.24±0.24 41.41±2.0 99.74±2.8 13.47±1.1 12.39±0.89 1.48±0.3 0.12 0.16±0.012 10.05±0.08 43.18±1.8 99.72±6.3 

Dooars 

 

 

March 23.68±0.30 13.03±0.26 19.09±0.26 42.68±1.8 99.14±4.2 14.62±1.3 13.29±0.98 2.35±0.18 0.10 0.44±0.011 10.18±0.08 42.65±2.1 99.58±4.8 

June 23.31±0.39 13.22±0.32 18.81±20 42.35±1.8 99.52±1.9 13.95±1 13.01±1.1 2.12±0.17 0.14 0.31±0.014 10.1±0.89 42.38±3.1 99.62±5.9 

December 23.53±0.31 13.21±0.1 19.04±0.21 42.22±1.4 99.31±2.8 14.27±1.2 13.19±0.8 2.28±0.17 0.10 0.56±0.012 10.45±0.58 43.58±2.9 99.53±6.1 

Darjeeling 

Hills 

 

 

March 25.28±0.31 14.63±0.39 20.69±0.36 44.28±1.2 99.25±1.4 16.22±1.4 14.89±1.1 3.95±0.12 0.11 0.64±0.013 10.38±0.48 42.85±2.7 99.72±2.8 

June 24.81±0.5 14.72±0.30 20.31±0.28 43.85±1.8 99.56±2.7 15.45±1.3 14.51±0.95 3.62±0.14 0.11 0.71±0.01 10.51±0.78 42.78±2.5 99.61±3.4 

December 24.83±0.39 14.51±0.32 20.34±0.21 43.52±1.6 99.61±4.3 15.57±1.3 14.49±0.57 3.58±0.12 0.11 0.66±0.012 10.55±0.98 43.68±2.9 99.56±3.4 

All data are presented as the mean of three experiments (Mean ± SE) 
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Table 6.11 Biochemical and antioxidant properties of fresh Tea Shoots and made tea of TV29 

Cultivar:  TV29 

Phytochemicals and antioxidant quality 

TG Seasons Fresh Tea Shoots Handmade Tea 

  
Total 

phenol 

(%) 

Flavonols 

(%) 
Tannins Yield (%) 

Percent of 

Free 

radical 

scavenging 

activities 

PPO 

activities  

QO2 μl/ mg 

Total 

phenol (%) 

Flavonols 

(%) 

TF/ 

TR 
Quinone Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

Terai 

 

 

March 24.55±1.2 12.5±0.1 20.28±1.2 42.95±2.3 99.9±4.2 12.68±0.58 17.08±1 1.75±0.01 0.14 0.14±0.04 13.16±0.8 44.75±3.2 99.71±4.2 

June 24.37±1.3 12.56±0.12 20.11±1.1 42.14±2.1 99.75±4.5 12.47±0.27 16.93±0.85 1.59±0.012 0.13 0.13±0.05 13.22±0.65 44.62±2.1 99.42±1.8 

December 24.41±1.5 12.42±0.14 20.5±1.0 42.1±2.1 99.81±3.6 12.53±0.32 16.88±0.89 1.61±0.01 0.15 0.15±0.01 14.01±0.36 44.71±3.1 99.51±5.2 

Dooars 

 

 

March 25.15±1.3 13.1±0.15 20.88±1.1 43.55±3.2 99.61±2.1 13.28±0.32 17.68±0.96 2.35±0.12 0.13 0.54±0.01 13.56±0.23 45.15±3.6 98.5±3.9 

June 25.07±1.4 13.26±0.11 20.81±1.1 42.84±3.4 99.25±3.6 13.17±0.22 17.63±0.74 2.2±0.05 0.14 0.23±0.01 13.32±0.32 44.72±3.1 99.63±5.4 

December 25.21±1.7 13.22±0.14 21.3±1 42.9±4.1 99.61±6.9 13.33±0.17 17.68±0.45 2.41±0.05 0.14 0.45±0.02 14.31±0.36 45.01±3 99.51±4.5 

Darjeeling 

Hills 

 

 

March 26.65±1.6 14.6±0.11 22.38±1.3 45.05±3.9 99.37±3.1 14.78±0.21 19.18±0.69 3.85±0.08 0.15 0.74±0.01 13.76±0.36 45.35±3.1 98.88±4.7 

June 26.87±1.2 15.06±0.12 22.61±1.1 44.64±3.2 99.66±3.1 14.97±0.36 19.43±0.36 4.09±0.1 0.14 0.53±0.01 13.62±0.28 45.02±3.6 99.24±2.5 

December 26.61±1.8 14.62±0.14 22.7±1.1 44.3±2.8 99.71±3.1 14.73±0.31 19.08±0.39 3.81±0.02 0.13 0.55±0.03 14.41±0.24 45.11±3.2 99.56±3.9 

All data are presented as the mean of three experiments (Mean ± SE) 
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Table 6.12 Biochemical and antioxidant properties of fresh Tea Shoots and made tea of TV30 

Cultivar:  TV30 

Phytochemicals and antioxidant quality 

TG Seasons Fresh Tea Shoots Handmade Tea 

  
Total 

phenol (%) 

Flavonols 

(%) 
Tannins Yield (%) 

Percent of 

Free 

radical 

scavenging 

activities 

PPO 

activities  

QO2 μl/ mg 

Total 

phenol (%) 

Flavonols 

(%) 

TF/ 

TR 
Quinone Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

Terai 

 

 

March 22.63±0.8 12.63±0.8 18.95±1 43±2.1 98.43±4.2 10.17±0.12 18.19±1 2.1±0.11 0.13 0.11±0.01 13.95±0.52 44.65±2.1 99.15±2.5 

June 22.51±0.56 12.25±0.26 19±1.2 42.99±2.1 98.11±4.1 9.58±0.12 18.12±1.1 1.85±0.10 0.13 0.13±0.04 14±0.32 44.22±2.3 98.98±2.7 

December 22.45±0.23 12.1±0.24 19.1±1.3 42.15±3.2 98.68±4.3 10.15±0.13 18.11±0.89 1.92±0.01 0.12 0.098±0.01 13.98±0.31 44.15±3.2 99.21±3.1 

Dooars 

 

 

March 23.43±0.57 13.43±0.32 19.75±1.3 43.8±2.5 99.51±3.2 10.97±0.12 18.99±0.98 2.9±0.014 0.13 0.51±0.01 14.35±0.36 45.05±2.8 99.11±3.9 

June 23.21±0.98 12.95±0.36 19.7±1.1 43.69±2.1 99.18±3.5 10.28±0.14 18.82±0.85 2.55±0.12 0.13 0.63±0.01 14.5±0.38 44.72±3.4 99.54±3.4 

December 23.35±0.85 13±0.28 20±1.3 43.05±2.4 98.57±3.9 11.34±0.11 19.01±0.94 2.82±0.13 0.13 0.398±0.01 14.28±0.45 44.45±3.1 99.71±3.1 

Darjeeling 

Hills 

 

 

March 24.93±0.56 14.93±0.28 21.25±1.2 45.3±3.1 99.52±3.4 12.47±0.12 20.49±0.65 4.4±0.11 0.13 0.71±0.01 14.55±0.47 45.25±3.9 99.52±2.8 

June 24.91±0.98 14.65±0.32 21.4±1.1 45.39±2.4 99.36±3.2 11.98±0.10 20.52±0.87 4.25±0.11 0.13 1.03±0.01 14.9±0.49 45.12±3.7 98.99±2.9 

December 24.65±0.57 14.3±0.27 21.3±1 44.35±2.1 98.64±3.6 12.3±0.10 20.31±0.47 4.12±0.14 0.17 0.498±0.01 14.38±0.39 44.55±3.1 99.51±2.7 

All data are presented as the mean of three experiments (Mean ± SE) 
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Table 6.13 Biochemical and antioxidant properties of fresh Tea Shoots and made tea of Dangri Manipuri 

Cultivar:  Dangri Manipuri 

Phytochemicals and antioxidant quality 

TG Seasons Fresh Tea Shoots Handmade Tea 

  
Total 

phenol 

(%) 

Flavonols 

(%) 
Tannins Yield (%) 

Percent of 

Free 

radical 

scavenging 

activities 

PPO 

activities  

QO2 μl/ mg 

Total 

phenol (%) 

Flavonols 

(%) 

TF/ 

TR 
Quinone Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

Terai 

 

 

March 26.51±0.2 12.55±0.8 20.11±0.89 43.2±2.1 99.51±3.2 15.42±0.12 15.98±0.12 1.61±0.01 0.13 0.14±0.01 13.99±1.1 44.25±1.2 99.21±2.3 

June 25.78±0.21 12.41±0.56 20.03±0.54 43.11±2.3 99.12±2.7 15.31±0.15 16.02±0.11 1.59±0.01 0.11 0.131±0.02 14.35±1.1 44.31±1.1 99.33±2.8 

December 25.69±0.32 12.45±0.54 19.88±0.17 43.52±2.7 99.62±2.9 15.39±0.17 16.3±0.14 1.61±0.02 0.12 0.15±0.06 14.28±0.89 43.98±1.5 99.37±2.7 

Dooars 

 

 

March 27.31±0.31 13.35±0.64 20.91±0.25 44±2.0 99.15±2.4 16.22±0.16 16.78±0.18 2.41±0.03 0.14 0.54±0.02 14.39±0.65 44.65±1.3 99.52±2.9 

June 26.48±0.21 13.11±0.57 20.73±0.58 43.8±1.1 98.89±2.1 16.01±0.19 16.72±0.16 2.29±0.05 0.13 0.631±0.02 14.85±0.98 44.81±1.1 99.28±2.4 

December 26.59±0.28 13.35±0.65 20.78±0.47 44.42±1.8 98.57±2.6 16.29±0.11 17.2±0.19 2.51±0.01 0.11 0.45±0.01 14.58±1.1 44.28±1 98.26±3.1 

Darjeeling 

Hills 

 

 

March 28.81±0.26 14.85±0.45 22.41±0.65 45.5±1.9 99.34±3.1 17.72±0.15 18.28±0.14 3.91±0.05 0.11 0.74±0.01 14.59±0.97 44.85±1.1 98.51±2.8 

June 28.18±0.32 14.81±0.48 22.43±0.69 45.51±1.6 99.23±3.0 17.71±0.19 18.42±0.14 3.99±0.06 0.16 1.031±0.05 15.25±0.37 45.21±1. 99.01±3.4 

December 27.89±0.31 14.65±0.49 22.08±0.64 45.72±1.4 98.64±3.9 17.59±0.11 18.5±0.11 3.81±0.03 0.12 0.55±0.03 14.68±0.39 44.38±1.1 99.26±3.9 

All data are presented as the mean of three experiments (Mean ± SE) 
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Table 6.14 Biochemical and antioxidant properties of fresh Tea Shoots and made tea of Tingamara 

Cultivar:  Tingamara 

Phytochemicals and antioxidant quality 

TG Seasons Fresh Tea Shoots Handmade Tea 

  
Total 

phenol 

(%) 

Flavonols 

(%) 
Tannins Yield (%) 

Percent of 

Free 

radical 

scavenging 

activities 

PPO 

activities  

QO2 μl/ mg 

Total 

phenol (%) 

Flavonols 

(%) 

TF/ 

TR 
Quinone Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

Terai 

 

 

March 26.88±1.1 12.58±0.89 20.59±1.1 43.25±2.3 99.54±3.61 15.71±1.1 16.41±0.98 1.57±0.11 0.11 0.14±0.02 14.27±1.2 46.21±3.1 99.12±3.2 

June 26.51±1.3 12.41±0.98 19.25±1.2 43.61±3.2 99.26±3.21 15.61±1.2 16.11±0.65 1.61±0.10 0.15 0.12±0.02 14.11±1.2 45.78±3.0 99.42±3.5 

December 26.38±1.2 12.46±1.2 20.36±0.89 43.45±2.8 99.38±3.54 16.01±1.1 16.03±0.85 1.63±0.10 0.21 0.13±0.01 13.98±1.3 45.71±2.8 99.37±3.4 

Dooars 

 

 

March 27.68±1.1 13.38±1.1 21.39±0.95 44.05±3.4 99.71±3.24 16.51±1.1 17.21±0.78 2.37±0.11 0.17 0.54±0.03 14.67±1.2 46.61±2.5 99.11±4.2 

June 27.21±1.0 13.11±1.1 19.95±0.89 44.31±3.4 98.88±3.24 16.31±1.1 16.81±0.48 2.31±0.11 0.16 0.62±0.02 14.61±1.3 46.28±2.4 98.87±4.9 

December 27.28±1.5 13.36±1.0 21.26±0.95 44.35±3.6 99.73±3.69 16.91±1.3 16.93±0.79 2.53±0.012 0.12 0.43±0.01 14.28±1.5 46.01±2.4 98.98±2.5 

Darjeeling 

Hills 

 

 

March 29.18±1.2 14.88±1.2 22.89±0.64 45.55±3.9 98.78±3.78 18.01±1.2 18.71±0.85 3.87±0.01 0.13 0.74±0.03 14.87±1.5 46.81±2.9 98.93±2.8 

June 28.91±1.6 14.81±1.1 21.65±1.1 46.01±4.1 99.23±4.12 18.01±1.11 18.51±0.98 4.01±0.15 0.11 1.02±0.02 15.01±1.5 46.68±3.0 99.54±2.4 

December 28.58±1.2 14.66±0.98 22.56±0.89 45.65±4.5 99.34±4.25 18.21±1.21 18.23±0.69 3.83±0.14 0.18 0.53±0.02 14.38±1.3 46.11±3.1 99.43±2.3 

All data are presented as the mean of three experiments (Mean ± SE) 
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Table 6.15 Biochemical and antioxidant properties of fresh Tea Shoots and made tea of Tinali 17 

Cultivar:  Tinali 17 

Phytochemicals and antioxidant quality 

TG Seasons Fresh Tea Shoots Handmade Tea 

  
Total 

phenol 

(%) 

Flavonols 

(%) 
Tannins Yield (%) 

Percent of 

Free 

radical 

scavenging 

activities 

PPO 

activities  

QO2 μl/ mg 

Total 

phenol (%) 

Flavonols 

(%) 

TF/ 

TR 
Quinone Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

Terai 

 

 

March 25.12±1.1 12.61±0.85 19.23±1.2 43.25±2.3 98.65±3.9 14.23±0.98 18.52±1.0 11.62±0.11 0.12 0.12±0.05 13.12±012 44.56±2.3 99.59±4.8 

June 25.18±0.98 12.35±0.58 19.89±1.5 42.3±3.2 98.56±4.5 14.58±0.96 18.65±0.98 11.58±0.1 0.12 0.11±0.03 
140.15.25±
0.16 

44.21±2.7 99.45±5.2 

December 24.32±1.5 12.4±0.54 20.12±0.89 43.2±2.5 98.68±4.8 14.78±0.65 18.9±0.96 11.61±0.12 0.15 0.11±0.05 12.35±1.2 43.98±3.2 99.35±4.7 

Dooars 

 

 

March 25.92±1.1 13.41±0.32 20.03±0.96 44.05±3.2 99.51±3.8 15.03±0.32 19.32±1.2 12.42±0.13 0.13 0.13±0.03 13.52±0.11 44.96±3.3 99.1±3.9 

June 25.88±1.3 13.05±0.39 20.59±0.95 43±3.8 99.1±4.9 15.28±0.24 19.35±0.98 12.28±0.98 0.15 0.14±0.08 14.75±0.13 44.71±3.1 99.21±3.4 

December 25.22±1.1 13.3±0.24 21.02±0.87 44.1±1.8 95.6±5.21 15.68±0.34 19.8±0.95 12.51±0.65 0.13 0.15±0.08 12.65±0.12 44.28±3.9 99.28±3.9 

Darjeeling 

Hills 

 

 

March 27.42±1.1 14.91±0.32 21.53±1.2 45.55±3.9 99.2±5.3 16.53±0.34 20.82±1.1 13.92±0.65 0.14 0.15±0.01 13.72±0.10 45.16±3.8 99.12±4.2 

June 27.58±1.2 14.75±0.28 22.29±1.1 44.7±2.4 98±3.65 16.98±0.39 21.05±1.1 13.98±0.28 0.15 0.15±0.05 15.15±0.11 45.11±3.4 99.14±4.6 

December 26.52±1.3 14.6±0.29 22.32±1.23 45.4±2.6 96.3±3.21 16.98±0.28 21.1±0.95 13.81±0.36 0.14 0.11±0.05 12.75±0.12 44.38±3.9 99.56±4.3 

All data are presented as the mean of three experiments (Mean ± SE) 
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Table 6.16 Biochemical and antioxidant properties of fresh Tea Shoots and made tea of Takda 7, 8 

Cultivar:  Takda 7, 8 

Phytochemicals and antioxidant quality 

TG Seasons Fresh Tea Shoots Handmade Tea 

  
Total phenol 

(%) 

Flavonols 

(%) 
Tannins Yield (%) 

Percent of 

Free 

radical 

scavenging 

activities 

PPO 

activities  

QO2 μl/ mg 

Total 

phenol (%) 

Flavonols 

(%) 

TF/ 

TR 
Quinone Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

Terai 

 

 

March 24.32±1.21 12.61±0.98 22.23±1.10 43.2±2.31 98.65±3.56 14.25±1.11 18.25±0.14 11.25±0.85 0.15 0.12±0.02 15.46±0.58 44.87±1.5 98.69±3.25 

June 
241.25.36±1.

14 
12.35±0.56 21.25±0.98 42.14±2.56 98.65±2.54 15.01±1.12 18.95±0.23 11.98±0.65 0.15 0.11±0.02 15.89±0.23 45.32±1.4 99.32±2.80 

December 24.99±1.24 12.45±0.26 22.1±1.12 42.35±2.98 97.56±2.12 13.2±0.89 18.32±0.32 11.78±0.23 0.15 0.13±0.08 15.47±0.34 48.32±2.1 95.21±2.90 

Dooars 

 

 

March 25.12±1.21 13.41±0.35 23.03±0.39 44±2.35 99.51±2.32 15.05±0.95 19.05±0.39 12.05±0.34 0.13 0.14±.05 15.86±0.36 45.27±3.1 97.85±2.70 

June 25.06±1.23 13.05±0.35 21.95±0.65 42.84±2.97 99.18±2.34 15.71±0.36 19.65±0.45 12.68±0.29 0.13 0.11±0.01 16.39±021 45.82±2.8 99.32±3.10 

December 25.89±1.36 13.35±0.39 23±0.39 43.25±2.41 98.65±2.98 14.1±0.36 19.22±0.56 12.68±0.12 0.13 0.43±0.02 15.77±0.21 48.62±2.4 97.45±2.60 

Darjeeli

ng Hills 

 

 

March 26.62±1.28 14.91±0.47 24.53±1.36 45.5±2.12 99.32±2.41 16.55±0.45 20.55±0.32 13.55±0.15 0.13 0.34±0.01 16.06±0.27 45.47±3.1 99.68±2.71 

June 26.76±1.69 14.75±0.69 23.65±1.24 44.54±1.28 99.36±2.31 17.41±0.25 21.35±0.32 14.38±0.14 0.13 0.51±0.03 16.79±0.21 46.22±2.9 99.47±2.40 

December 27.19±1.27 14.65±0.45 24.3±1.11 44.55±1.65 98.64±2.39 15.4±0.12 20.52±0.27 13.98±0.11 0.11 0.53±0.01 15.87±0.52 48.72±1.7 99.56±2.60 

All data are presented as the mean of three experiments (Mean ± SE) 
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Table 6.17 Biochemical and antioxidant properties of fresh Tea Shoots and made tea of Sundaram (B/5/63) 

Cultivar:  Sundaram (B/5/63) 

Phytochemicals and antioxidant quality 

TG Seasons Fresh Tea Shoots Handmade Tea 

  
Total 

phenol 

(%) 

Flavonols 

(%) 
Tannins Yield (%) 

Percent of 

Free 

radical 

scavenging 

activities 

PPO 

activities  

QO2 μl/ mg 

Total 

phenol (%) 

Flavonols 

(%) 

TF/ 

TR 
Quinone Tannins Yield (%) 

Percent of 

Free radical 

scavenging 

activities 

Terai 

 

 

March 24.35±0.98 12.35±0.47 22.35±1.21 43.69±2.3 98.65±1.21 14.23±1.10 18.25±0.23 12.11±0.11 0.15 0.13±0.02 15.52±0.11 44.21±1.2 99.51±2.32 

June 24.78±0.85 13.54±0.63 23.15±1.32 43.98±2.1 99.56±3.25 14.21±0.95 18.32±0.25 12.45±0.13 0.15 0.14±0.012 15.3±0.13 44.78±2.1 99.2±3.21 

December 24.65±0.54 14.25±0.21 19.87±1.11 42.58±3.2 98.68±3.65 15.1±0.65 18.45±0.24 12.35±0.23 0.15 0.18±0.01 15.4±0.11 44.21±2.11 98.6±2.85 

Dooars 

 

 

March 25.15±0.32 13.15±0.32 23.15±1.21 44.42.89± 99.51±6.31 15.03±0.64 19.05±0.32 12.91±0.22 0.12 0.17±0.02 15.92±0.14 44.61±1.52 99.52±3.54 

June 25.48±0.34 14.24±0.45 23.85±1.32 44.68±2.45 99.12±5.21 14.91±0.62 19.02±0.38 13.15±0.20 0.14 0.13±0.03 15.8±0.11 45.28±2.85 99.48±4.12 

December 25.55±0.39 15.15±0.65 20.77±1.21 43.48±2.31 98.57±4.51 16±0.36 19.35±0.34 13.25±0.13 0.13 0.48±0.02 15.7±0.10 44.51±3.21 98.4±3.98 

Darjeeling 

Hills 

 

 

March 26.65±0.45 14.65±0.45 24.65±1.10 45.992.65± 99.32±4.32 16.53±0.34 20.55±0.31 14.41±0.12 0.15 0.37±0.01 16.12±0.12 44.81±3.12 97.8±2.8 

June 27.18±0.27 15.94±0.69 25.55±1.10 46.38±2.12 99.36±3.28 16.61±0.39 20.72±0.36 14.85±0.11 0.15 0.53±0.01 16.2±0.10 45.68±2.98 99.47±2.64 

December 26.85±0.65 16.45±0.32 22.07±1.10 44.78±3.21 98.64±4.65 17.3±0.34 20.65±0.31 14.55±0.13 0.14 0.58±0.02 15.8±0.11 44.61±2.11 98.98±2.52 

All data are presented as the mean of three experiments (Mean ± SE) 
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6.4 THE ROLE OF POLYPHENOL OXIDASES IN DIFFERENT CULTIVAR 

AND SEASONAL VARIATIONS 

Tea leaf Polyphenol Oxidases (PPO), which is responsible for oxidizing dihydroxy 

polyphenol varied from clone to clone increases by oxidative stress and have influence on 

soil pH content; also P deficiency decreases PPO activity (Figure 6.1). The amount of 

H2O2 production is greater at pH 5.5, the optimum pH for PPO activity is at pH 4.5. 

Hence the observed increase of Theaflavins in black teas fermented at pH 4.5 appears to 

be due to lower turnover of formed Theaflavins into Thearubigins. It is also found that 

less moisture content in the soil increases the catechin content in tea. During processing, 

TF is reduced by the rise of temperature which is important for brightness and briskness 

but have effect on strength due to TR production has not reached at significant level. It 

was possible if the rise in temperature be regulated (Misra et al., 2016). 

6.5 CHROMATOGRAPHY 

6.5.1 Thin layer chromatographic finger printing for analysis of green shoot 

flavonols 

The flavonols and other polyphenolic compounds in handmade tea were separated by two 

dimensional TLC. Detection and identification of the flavonols were achieved with both 

system using fluorescence under UV illumination before (blue) or after (bright purple) 

ammonia treatment. Separated spot were also visualized in white light after spraying with 

Bis-diazotized Benzidine (Red brown) and vanillin (pink red). Thin layer chromatography 

shows that Rf value of gallic acid of handmade tea is very high and it followed by MRG, 

C, YL, GC, EC etc. The plate presented in Figure 6.2. 

The same experiments were also conducted for the determination of flavonol 

contents of different grades of made tea and variety of clones collected from different tea 

garden in North Bengal using TLC technique and for all cases the chemical features were 

showing same. Instrumental HPLC have been used for the separation and quantitative 

measurement of other flavonols. Due to their poor volatility, conversion to the trimethyl-

silyl derivatization is a prerequisite to analysis of the flavonols by GLC.  
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Figure 6.1 Polyphenol Oxidase activities of different Clones. Vertical Bar indicates 

seasonal variation.  

 

Figure 6.2 Chromatogram of an extract of fresh tea shoots (TV1). Mobile Phase- first 

dimension: water; Second dimension Buten-1-ol: Acetic acid: water:: 4:1:5  

[Identification of spots: C = Catechin (Rf=0.087), EC = Epicatechin (Rf=0.135); GC = 

Gallocatechin (Rf=0.119); EGC = Epigallocatechin (Rf=0.15); ECG = Epicatechingallate 

(Rf=0.151); EGCG = Epigallocatechingallate (Rf=0.2); GA = Gallic acid (Rf=0.25); MRG = 

Myricetin (Rf=0.113), QG = Quercetin respectively (Rf=0.085); YL = Yellow unidentified spot 

(Rf=0.076); UD = Unidentified spot (not determined), may be catechin gallate and Gallocatechin 

Gallate]  
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But separation can then be made subsequently within 35 minutes on a 5 ft x 4 mm ID 

packed column packed with 3% OV-1 diatomite. But today the method of choice for the 

quantitative analysis of the flavonols and other non volatile constituents of green tea 

leaves is reversed phase of HPLC system. Therefore HPLC system was used for the 

determination of total polyphenols in fresh, processed handmade tea obtained from 

different gardens along with different seasons and clones. 

6.5.2 High performance liquid chromatography (HPLC) 

The instrumental analytical determinations of EGCG and ECG were carried out using 

reversed phase-high performance liquid chromatography in isocratic mode. The Water 

HPLC system equipped with automated gradient controller, 510 pumps, U6K injector, 481 

detector, 746 data module and Waters µ-bondapak C18 column (3.9 x 300 mm), were used 

for the analysis. Elutions were carried out at ambient temperature between 24°C to 28°C 

using H2O: CH3OH: CH3COOH (70: 30: 0.5) as a mobile phase at a flow rate 1.0 mL per 

minute. All extracts was prepared and analyzed in triplicate. The UV detection was carried 

out at 280 nm. 

6.5.2.1 Standard solution 

Standard solution of EGCG was prepared by dissolving 4.72 mg of EGCG in 50 ml 

CH3OH. Standard plot for HPLC analysis was prepared by injecting in triplicate at a 

constant volume of 5 µl of serially diluted concentrations containing 9.85, 19.70, 39.40, 

78.80, 157.60 and 315.20 ng/5 µl of EGCG and recording AUC corresponding to each 

concentration. The standard solution of ECG was prepared by dissolving 3.02 mg of ECG 

in 10 mL CH3OH. The stock solution was diluted to make 9.40, 18.80, 37.60, 75.20, 

150.40 and 300.8 ng/5 µl dilutions of ECG. A constant volume of 5 µl of each 

concentration was injected in triplicate. The standard plot was prepared as described for 

EGCG and same conditions of analysis were used for the two catechins (Figure 6.3). 
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6.5.2.2 Linearity of HPLC systems and its sensitivity 

Linear regression was obtained by plotting the peak area versus concentration of a series of 

dilutions for each phenolic compound. The regression lines, expressed as correlation 

coefficients, were linear (r
2
 =1 and 0.9998 for EGCG and ECG respectively) in the 

experimental range. Sensitivity (defined as the lowest measurable concentration of a 

compound in the sample) was determined as that concentration which generated a peak at 

least three times higher than the baseline noise range depicted below. 

Figure 6.3 A typical HPLC chromatogram of tea extract  
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6.5.2.3 Linearity and sensitivity of the detection method for EGCG and ECG 

 
Compound range studied    Correlation coefficient     Sensitivity 

(ng/5µL)    (r2)                  (ng / 5µL) 

 

EGCG       :  9.85-315.2     1   9.85 

ECG    : 9.40-300.8   0.9998   9.40 

 

6.5.2.4 Recovery and Reproducibility 

The percent recovery of analytes in the method was established by spike of the sample at 

100 % level. The percent recovery of EGCG from triplicate set of analysis was 95.98 ± 

0.49. Reproducibility was found to be within limits by repeating the analysis at different 

times. 

6.6 CATECHIN VARIATION OF ORTHODOX TEA IN DIFFERENT SEASON 

Climatic variation of phenolics (mainly EGCG and ECG) and antioxidative properties in 

fresh tea shoots to handmade orthodox tea, consisting of one apical bud and two adjoining 

leaves samples from TV1, TV20, TV26, TV29, TV30 (Tocklai Vegetative) clone and 

Tingamara, Dangri Manipuri and Sundaram B/5/63 (Seed Jat), Tinali 17, Takda7, 8 

grown in Terai, Hill and Dooars  region in North Bengal, were investigated during three 

harvest season (March, June and December) in the year 2006, 2007, 2008, 2009 and 

2010. The EGCG, ECG of all clones were lower in winter months of December in four 

years (average 4.90 - 2.15, 2.93-0.63). Thereafter, the levels of total phenolics in terms of 

EGCG and ECG increased throughout the warmer months from March to September 

(Table 6.18) 

The great difference of tea shoots in terms of total phenolics at different harvest 

time is believed to be the effect of change of ecological attributes. North Bengal takes less 

sunlight in December month (3
rd

 harvest) than the other harvest times. This may affect the 

biosynthesis of total phenolics. On the other hand, in this month in North Bengal region, 

the differences between day and night temperatures are also higher and the rainfall was 

irregular. In this stress conditions, tea clones produce more phenolics. 
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All data are presented as the mean ± SE of three experiments;. Abbreviations: UP: Unprocessed; PR: Processed 

 

Table 6.18 EGCG, ECG and free radical scavenging activity of handmade Orthodox Tea 
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UP 23.12±0.29 17.52±0.22 19.81±0.25  2.31 1.75 1.98  08.75±0.18 8.82±0.15 11.02±0.11  0.87 0.88 1.1  89.32±.32 89.52±.12 86.32±.36 

PR 44.05±0.52 46.20±0.59 46.21±0.62  4.40 4.60 5.20  19.35±0.13 22.15±0.14 23.16±0.19  1.93 2.2 2.3  99.49±.46 99.59±.56 99.89±.56 

J
U

N
 

UP 5.82±0.28 06.21±0.25 08.92±0.24  0.58 0.62 0.89  2.19±0.21 2.60±0.25 2.92±0.24  0.21 0.26 0.29  82.12±.25 82.22±.35 82.12±.25 

PR 25.56±0.36 29.51±0.39 36.56±0.33  2.55 2.95 3.65  09.36±0.19 9.82±0.17 15.23±0.17  0.93 0.98 1.5  92.86±.36 92.96±.46 93.86±.56 

D
E

C
 

UP 18.02±0.27 17.01±0.21 18.91±0.21  1.80 1.70 1.89  06.24±0.18 6.41±0.14 6.82±0.11  0.62 0.64 0.68  82.86±.26 81.86±.56 82.96±.16 

PR 39.02±0.21 41.25±0.24 49.02±0.29  3.90 4.10 4.90  17.55±0.11 26.01±0.15 27.82±0.15  1.75 2.6 2.78  96.72±.19 95.72±.29 96.82±.39 

T
V

2
0

 

M
A

R
 UP 21.12±0.39 17.52±0.22 19.81±0.25  2.10 1.70 1.98  07.75±0.18 9.82±0.15 10.02±0.11  0.77 0.98 1.01  86.72±.17 85.72±.27 86.32±.27 

PR 46.05±0.51 47.20±0.59 52.12±0.62  4.60 4.72 5.20  29.35±0.13 22.15±0.14 23.16±0.19  2.93 2.21 2.31  98.22±.23 99.22±.33 98.23±.37 

J
U

N
 

UP 7.82±0.28 6.21±0.25 08.92±0.24  0.78 0.62 0.89  02.19±0.21 2.60±0.25 02.92±0.24  0.21 0.26 0.29  79.14±.28 78.14±.28 79.54±.68 

PR 27.56±0.36 29.51±0.39 36.65±0.33  2.75 2.95 3.65  10.36±0.19 9.82±0.17 15.23±0.17  1.03 0.98 1.52  92.60±.29 93.6±.19 92.61±.59 

D
E

C
 

UP 18.02±0.25 17.01±0.21 18.91±0.21  1.80 1.70 1.89  07.24±0.18 07.41±0.14 06.82±0.11  0.72 0.74 0.68  85.36±.41 84.36±.51 87.36±.11 

PR 39.02±0.29 41.25±0.24 49.02±0.29  3.90 4.12 4.90  16.55±0.11 26.01±0.15 27.82±0.15  1.65 2.61 2.78  77.47±.21 78.47±.31 75.47±.41 
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All data are presented as the mean ± SE of three experiments;. Abbreviations: UP: Unprocessed; PR: Processed 

Table 6.18 EGCG, ECG and free radical scavenging activity of handmade Orthodox Tea 
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UP 23.12±0.29 17.52±0.22 19.81±0.25  2.31 1.75 1.98  9.75±0.18 8.82±0.15 11.02±0.11  0.975 0.88 1.1  86.27±.29 85.27±.49 86.87±.09 

PR 48.05±0.52 46.20±0.59 52.21±0.62  4.80 4.62 5.2  18.35±0.13 24.15±0.14 23.86±0.19  1.83 2.41 2.38  98.94±.11 97.94±.12 98.94±.51 

J
U

N
 

UP 04.82±0.28 06.21±0.25 8.92±0.24  0.48 0.62 0.89  2.19±0.21 2.60±0.25 2.92±0.24  0.219 0.26 0.29  87.32±.45 88.32±.55 87.52±.55 

PR 21.56±0.46 29.51±0.39 38.56±0.33  2.15 3.85 3.65  6.36±0.19 10.82±0.17 15.53±0.17  0.63 1.08 1.55  96.66±.35 95.66±.45 96.69±.15 

D
E

C
 

UP 17.02±0.22 17.01±0.21 18.91±0.21  1.70 1.89 1.89  6.24±0.18 6.41±0.14 6.92±0.11  0.62 0.64 0.69  78.52±.52 78.92±.62 78.72±.62 

PR 37.02±0.23 41.25±0.24 49.02±0.29  3.70 4.12 4.9  15.55±0.11 29.01±0.15 27.72±0.15  1.55 2.9 2.77  89.25±.40 87.25±.50 89.45±.42 

T
V

2
9

 

M
A

R
 

UP 19.12±0.32 17.52±0.22 19.81±0.25  1.90 1.75 1.98  8.75±0.18 8.82±0.15 11.52±0.11  0.87 0.88 1.15  88.25±.39 89.25±.29 88.25±.29 

PR 48.05±0.55 46.20±0.59 52.03±0.62  4.80 4.62 5.2  14.35±0.13 23.15±0.14 23.66±0.19  1.43 2.31 2.36  99.0±.24 99.12±.25 99.12±.25 

J
U

N
 

UP 03.82±0.26 06.21±0.25 8.92±0.24  0.38 0.62 0.89  2.19±0.21 2.60±0.25 2.62±0.24  0.21 0.26 0.26  78.36±.39 78.96±.19 78.66±.32 

PR 22.56±0.56 29.51±0.39 36.56±0.33  2.25 2.95 3.65  11.36±0.19 11.82±0.17 15.93±0.17  1.13 1.18 1.59  96.77±.33 97.77±.33 96.79±.13 

D
E

C
 

UP 15.02±0.21 17.01±0.21 18.91±0.21  1.50 1.7 1.89  5.24±0.18 6.41±0.14 6.52±0.11  0.52 0.64 0.65  69.25±.30 69.95±.32 69.75±.38 

PR 39.02±0.21 41.25±0.24 49.02±0.29  3.90 4.12 4.9  19.55±0.11 27.01±0.15 27.92±0.15  1.95 2.71 2.79  86.87±.16 86.81±.46 86.88±.26 
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All data are presented as the mean ± SE of three experiments;. Abbreviations: UP: Unprocessed; PR: Processed 

Table 6.18 EGCG, ECG and free radical scavenging activity of handmade Orthodox Tea 
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UP 29.12±0.29 17.52±0.22 19.81±0.25  2.90 1.7 1.98  08.75±0.18 08.82±0.15 11.42±0.11  0.87 0.88 1.14  87.29±.19 87.99±.59 87.39±.59 

PR 49.05±0.52 41.20±0.59 52.32±0.23  4.90 4.12 5.2  29.35±0.13 24.15±0.14 23.56±0.19  2.93 2.41 2.35  96.55±.33 97.55±.37 96.58±.38 

J
U

N
 

UP 06.82±0.28 06.21±0.25 08.92±0.24  0.68 0.62 0.89  02.19±0.21 02.60±0.25 02.95±0.24  0.21 0.26 0.29  74.10±.11 78.10±.21 74.29±.19 

PR 35.56±0.36 29.51±0.39 38.56±0.33  3.56 2.95 3.85  08.36±0.19 13.82±0.17 15.63±0.17  0.83 1.38 1.56  97.46±.42 97.86±.62 97.66±.22 

D
E

C
 

UP 18.02±0.27 17.01±0.21 19.91±0.21  1.80 1.7 1.99  06.24±0.18 06.41±0.14 06.88±0.11  0.62 0.64 0.68  76.32±.28 76.82±.18 76.12±.18 

PR 39.02±0.21 41.25±0.24 47.02±0.29  3.90 4.12 4.70  27.55±0.11 25.01±0.15 27.85±0.15  2.75 2.5 2.78  86.47±.50 88.47±.52 86.47±.29 

T
in
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m
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M
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 UP 19.12±0.27 17.52±0.22 19.81±0.25  1.90 1.75 1.98  08.75±0.18 08.82±0.15 11.42±0.11  0.87 0.88 1.14  89.98±.39 89.78±.19 89.78±.59 

PR 45.05±0.50 46.20±0.59 49.21±0.62  4.50 4.62 4.92  17.35±0.13 26.15±0.14 23.96±0.19  1.73 2.61 2.39  99.28±.22 99.28±.21 99.27±.22 

J
U

N
 

UP 7.82±0.20 6.21±0.25 08.92±0.24  0.78 0.62 0.89  02.19±0.21 2.60±0.25 02.32±0.24  0.21 0.26 0.23  77.24±.22 75.24±.32 77.29±.21 

PR 35.23±12 29.51±0.39 46.56±0.33  3.50 2.95 4.65  10.36±0.19 11.82±0.17 15.73±0.17  1.03 1.18 1.57  94.19±.48 94.99±.28 95.19±.45 

D
E

C
 

UP 8.02±0.24 17.01±0.21 18.91±0.21  0.80 1.70 1.89  06.24±0.18 06.41±0.14 06.52±0.11  0.62 0.64 0.65  75.24±.20 76.26±.22 75.22±.22 

PR 49.02±0.23 41.25±0.24 49.98±0.29  4.90 4.12 4.99  16.55±0.11 21.01±0.15 27.22±0.15  1.65 2.1 2.72  89.72±.25 89.82±.35 89.72±.39 
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All data are presented as the mean ± SE of three experiments;. Abbreviations: UP: Unprocessed; PR: Processed 

 

 

Table 6.18 EGCG, ECG and free radical scavenging activity of handmade Orthodox Tea 
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 UP 13.12±0.25 17.52±0.22 18.81±0.25  1.30 1.75 1.88  08.75±0.18 07.82±0.15 11.12±0.11  0.87 0.78 1.11  87.20±.22 87.29±.20 87.21±.26 

PR 47.05±0.51 46.20±0.59 49.63±0.62  4.70 4.62 4.96  18.35±0.13 20.15±0.14 23.16±0.19  1.83 2.01 2.31  99.97±.31 99.87±.41 99.97±.10 

J
U

N
 

UP 09.82±0.28 6.21±0.25 08.92±0.24  0.98 0.62 0.89  02.19±0.21 02.60±0.25 02.92±0.24  0.21 0.26 0.29  88.56±22 88.36±42 88.46±27 

PR 35.56±0.36 29.51±0.39 46.56±0.33  3.56 2.95 4.65  11.36±0.19 12.82±0.17 15.23±0.17  1.13 1.28 1.52  97.35±.30 98.35±.32 97.55±.37 

D
E

C
 UP 18.02±0.29 17.01±0.21 18.91±0.21  1.80 1.70 1.89  06.24±0.18 6.41±0.14 06.82±0.11  0.62 0.64 0.68  77.12±.20 77.92±.29 77.72±.28 

PR 39.02±0.21 41.25±0.24 49.02±0.29  3.90 4.12 4.90  19.55±0.11 29.01±0.15 27.82±0.15  1.95 2.9 2.78  90.55±.26 90.45±.36 90.55±.42 

S
u

n
d

a
ra

m
 (

B
/5

/6
3

) M
A

R
 UP 23.12±0.29 17.52±0.22 19.81±0.25  2.30 1.75 1.98  08.75±0.18 08.82±0.15 11.02±0.11  0.87 0.88 1.1  89.25±.25 89.45±.85 89.45±.45 

PR 44.05±0.52 46.20±0.59 49.32±0.62  4.40 4.62 4.92  18.35±0.13 28.15±0.14 23.16±0.19  1.83 2.81 2.31  99.97±.19 99.77±.59 99.97±.29 

J
U

N
 

UP 5.82±0.28 6.21±0.25 8.92±0.24  0.58 0.62 0.89  02.19±0.21 02.60±0.25 02.92±0.24  0.21 0.26 0.29  84.26±.31 84.46±.31 84.36±.37 

PR 25.56±0.36 29.51±0.39 39.56±0.33  2.56 2.95 3.95  10.36±0.19 11.82±0.17 15.23±0.17  1.03 1.18 1.52  97.35±.22 97.85±.25 97.45±.28 

D
E

C
 UP 18.02±0.27 17.01±0.21 17.91±0.21  1.80 1.70 1.79  07.24±0.18 06.41±0.14 06.82±0.11  0.72 0.64 0.68  85.25±.23 85.95±.21 85.25±.23 

PR 39.02±0.21 41.25±0.24 44.02±0.29  3.90 4.12 4.4  17.55±0.11 23.01±0.15 27.82±0.15  1.75 2.3 2.78  90.55±.30 91.55±.20 90.55±.30 



125 

  

All data are presented as the mean ± SE of three experiments;. Abbreviations: UP: Unprocessed; PR: Processed 

Table 6.18 EGCG, ECG and free radical scavenging activity of handmade Orthodox Tea 
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UP 23.12±0.29 17.52±0.22 16.81±0.25  2.3 1.75 1.68  07.75±0.18 08.82±0.15 11.02±0.11  0.77 0.88 1.1  78.56±.39 78.86±.49 78.56±.39 

PR 49.05±0.19 46.20±0.59 56.21±0.62  4.90 4.62 5.62  18.35±0.13 29.15±0.14 23.16±0.19  1.83 2.91 2.31  99.87±.49 99.17±.19 99.87±.49 

J
U

N
 

UP 7.82±0.28 6.21±0.25 8.92±0.24  0.78 0.62 0.89  02.19±0.21 02.60±0.25 2.92±0.24  0.21 0.26 0.29  84.12±.38 84.82±.88 84.42±.78 

PR 45.56±0.36 29.51±0.39 46.56±0.33  4.56 2.95 4.65  12.36±0.19 17.82±0.17 15.23±0.17  1.23 1.78 1.52  96.35±.22 96.31±.12 96.35±.32 

D
E

C
 

UP 8.02±0.27 17.01±0.21 18.91±0.21  0.80 1.70 1.89  07.24±0.18 06.41±0.14 06.82±0.11  0.72 0.64

1 

0.68  74.21±.16 73.29±.25 74.81±.26 

PR 42.02±0.21 41.25±0.24 49.02±0.29  4.20 4.12 4.9  19.55±0.11 28.01±0.15 27.82±0.15  1.95 2.8 2.78  91.55±.28 93.57±.18 91.59±.18 

T
a

k
d

a
 7

, 
8

 

M
A

R
 

UP 20.12±0.24 17.52±0.22 19.81±0.25  2.01 1.75 1.98  08.75±0.18 08.82±0.15 11.02±0.11  0.87 0.88 1.1  84.59±.39 82.39±.29 84.99±.19 

PR 46.05±0.50 46.20±0.59 49.21±0.62  4.60 4.62 4.9  14.35±0.13 24.15±0.14 23.36±0.19  1.43 2.41 2.33  98.97±.38 98.99±.35 98.98±.48 

J
U

N
 

UP 6.82±0.27 6.21±0.25 8.92±0.24  0.68 0.62 0.89  2.19±0.21 2.60±0.25 02.92±0.24  0.21 0.26 0.29  79.69±.35 77.69±.55 79.29±.15 

PR 45.56±0.30 29.51±0.39 46.56±0.33  4.56 2.95 4.65  13.36±0.19 12.82±0.17 14.23±0.17  1.33 1.28 1.42  97.85±.46 96.85±.76 97.85±.16 

D
E

C
 UP 18.91±0.23 18.01±0.21 18.91±0.21  1.89 1.80 1.89  06.24±0.18 6.41±0.14 07.82±0.11  0.62 0.64 0.78  79.65±.21 78.60±.29 79.25±.20 

PR 49.23±19 43.25±0.24 49.02±0.29  4.92 4.32 4.9  18.55±0.11 27.01±0.15 27.89±0.15  1.85 2.71 2.78  98.55±.41 98.57±.48 98.25±.41 
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It has been shown (Figure 6.4) that the biosynthesis of phenolic compounds in tea shoots 

can be effectively induced by stronger sunlight and length of daytime i.e. seasonal or 

diurnal variation.  That is why shaded tea flushes the concentrations of polyphenols in 

much lower amount. 

 

 

Same findings were also observed by Mahanta et al. (1992). On the basis of this 

information, the differences in total phenolic levels between fresh tea shoots harvested in 

different months in North Bengal may not be just a temperature effect but also a day 

length and sunlight effect. However, further studies are required to elucidate the induction 

of the biosynthesis of total phenolics by day length and sunlight exposure correlating to 

the UV index. Previously, under field conditions, the phenolic composition of tea shoots 

varies considerably with seasonal, genetic, and agronomic factors and mechanisms that 

induce seasonal variations on total phenolic content in tea shoots may include one or all 

Figure 6.4   Seasonal variation of EGCG (R
2
=0.998, P < 0.05)  
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three of the following environmental conditions i.e day length, sunlight, and/or 

temperature; which vary markedly across seasons. Achuthan et al. (2003) said that the 

highest total phenolic levels in tea shoots are important for public by reducing the risk of 

atherosclerosis and coronary heart disease, which can be caused by oxidation  of low-

density lipoproteins. The present total phenolic content would indicate that there is 

potential to produce higher quality black tea during the December month in North Bengal. 

These results are in agreement with the findings of Yao et al.(2005) who found more 

phenolics occurred in relatively warmer months in the shoots. On the other hand, the 

differences were observed on total phenolic content in shoots among tea clones (table 1). 

Obanda et al.(1997)
 
showed the level of phenolics in green tea shoots varied among 

clones. Antioxidant activity of fresh tea shoots in ten clones is given in Table 6.8 to 6.17. 

There were statistical differences among harvest times in all tea clones except TV1 

(p<0.01). Antioxidant activity was increased from 1
st
 harvest to 3rd harvest times in all 

tea clones (table 6.18). Free radical scavenging activity was found to be between 74.10-

99.97% Antioxidant activity (% free radical scavenging) of BHA (200 mg/l) was 91.18%. 

All extracts sampled from 3
rd

 harvest in all clones had higher antioxidant activity than 

BHA (Table 1). Similar to 3rd harvest, all clones also showed higher antioxidant activity 

at 2nd harvest time than BHA, except TV30. However, in 1
st
 harvest time, only Dangri 

Manipuri clone had higher antioxidant activity than BHA. The other clones had lower 

antioxidant activity than BHA at 1
st
 harvest time. In previous studies conducted on tea by 

Karori et al. (2007), the antioxidant activity of different tea products in different solvent 

was found between 56-83%. Halliwell et al. (1999)
 
revealed that commonly consumed 

products such as tea, coffee and cocoa have possessed significant amount antioxidant 

activity. The results for antioxidant activity clearly outlined that tea shoots could be one 

of the richest sources among plants in terms of antioxidant activity. The great difference 

of tea shoots for antioxidant activity at different harvest time is supposed to the effect of 

change of ecological parameters. The composition of tea shoots varies with climate, 

season, variety, and age of the shoot. There were strong relationships between free radical 

scavenging activity and total phenolics in all harvest dates in all tea clones. Juliani et al.( 
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2002)
 
also reported strong relationships between antioxidant activity and phenolics in tea 

shoots which support our findings. 

The cause of this shift is due to the overall change in planting materials from jats 

to clones, important aspect is the changes in chemical profile of tea leaf over the years 

due to: closer plantation, cultural practices e.g. Pruning/unpruning, high fertilizer and 

other inputs (foliar application). Shade and mineral nutrition are very important in 

relation to quality, it seems from this research that phosphorus increases the level of 

quality attributes namely EGCG, ECG, EGC, Caffeine, TF & TR,   Zn & Mn. Nitrogen  

reduces the quality at high dose by increasing chlorophyll and undesirable amino acids 

increase VFC content but reduce flavour index; on the other hand potash reduces catechin 

content but increases fiber content, light intensity directly regulate the catechin 

biosynthesis; it is found that optimum shade and diurnal variations  impacts on the 

activity of PAL, key enzyme for catechin biosynthesis resulting in higher content of 

catechins (Misra et al., 2016). 

6.7 Relationship between antioxidants and soil attributes along with accumulation of 

bioactive phytochemicals 

In the wake of rising global production of tea and stiff competition, the quality has gained 

considerable importance. The tea should not only pass the minimum quality standards 

prescribed by the various agencies but also meet the expected levels in antioxidants 

quality. The quality of tea begins in the field where the leaves accumulate the necessary 

chemical substances. The chemical composition of tea shoots varies with genotype, 

season and cultural practices. During the course of processing of plucked leaves, various 

biochemical changes take place in stored phytoconstituents of leaves, resulting in the 

degradation and formation of compounds; responsible for liquor, briskness, colour and 

aroma of cuppa. 

Processed tea that is widely consumed now as a popular health drinks/beverage 

i.e. commercially manufactured from the young tender leaves (bud, bud + single leaf, bud 

+ second leaf etc. ) of the tea plant (Cabrera el al., 2003). Tea elixir has continued to be 

considered as medicine since the ancient time because of its richness in phytochemical 
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constituents. Research on the effects of tea on human health has been fueled by the 

growing need to provide natural healthy diets that includes plant derived polyphenols. 

Research is going on to elucidate how functional component in tea cultivar could expand 

the role of diet in oxidative disease prevention and treatment (Misra et al., 2003; Hitchon 

et al., 2004; Marian et al., 2004; Pajohk et al., 2006). There are evidences that tea 

constituents play therapeutic role in more than sixty different health conditions (Pandey et 

al., 2005; Vanessa et al., 2004; Yamamoto et al., 2004; Paola et al., 2005; Hang et al., 

2003 and Hakim et al., 2004). Therefore tea appears to be an effective chemo preventive 

agent for toxic chemicals which are produced in the body during normal metabolic 

pathways or introduced from the environment. Many plant phenolics have been reported 

to have antioxidant properties that are even much stronger than vitamin-C and E (Karori 

et al., 2007). In addition, currently available synthetic antioxidant like BHA, BHT and 

gallic acid esters have been suspected to initiate negative side effects (Amie et al., 2003, 

Aquil et al., 2006) and hence the need to substitute them with natural antioxidants like 

that from tea with broad-spectrum action. Despite the upsurge of interest in the 

therapeutic potential of tea plants as sources of natural antioxidants, limited studies have 

been carried out in various growing conditions using different cultivars. Information on 

the tea antioxidant properties varies with tea cultivars and degree of leaf maturation, 

which are rare and grossly lacking. In this research, a set of 90 tea samples; from ten 

cultivars; grown in different agro climatic conditions of Terai, Dooars and Darjeeling 

Hills were analyzed for antioxidant quality. The objective of this study was to compare 

the antioxidants quality with some chemical constituents of ten tea cultivars and correlate 

them with soil agronomic parameters for determining better cultivation practices to 

restore the antioxidant quality of tea. 

From the phytochemical evaluation of methanol extract of dried tea leaves 

(20mg/ml concentration) in average standard plucking, it was confirmed that major 

groups of phytochemicals were phenols, flavonols and tannins. Fig. 6.5 to 6.8 represents 

the correlation between antioxidant activity with phenols and flavonols content did not 

execute significant level of the antioxidant activity (Fig. 6.6) 
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The free-radical scavenging activity was demonstrated by DPPH, which is a stable 

free-radical and accept electron or hydrogen radical to become a stable diamagnetic 

molecules (Blois, 1958). Certain plants show antioxidant activity with DPPH because of 

their phenolics constituents. Hydrolysable tannins and flavonols are a broad class of low 

molecular weight secondary metabolites widely distributed in plants. 

The beneficial effect of total phenolics and hydrolysable tannins are attributed to 

their antioxidant and chelating ability (Heim et al., 2002). Phytochemical analysis 

confirm the presence of phenolics especially tannins and flavonols at varying degree in 

the ten different cultivar viz. diploid, triploid and seed jat which represent all types of 

clonal varieties irrespective of genetic makeup and cultural practices. Results have 

indicated that the antioxidant effect is related to development of reductones. Reductones 

are reported to be terminators of free-radical chain reaction (Dorman et al., 2003). 

Irrespective of cultivar and leaf maturation the antioxidant capacity of tea plant 

was significantly varied with soil physicochemical parameters. Fig.6.8 shows that DPPH 

(IC50) based free-radical scavenging activity was significantly correlated with soil pH, 

because soil pH significantly affects on the availability of plant nutrients and microbial 

activity surrounding the rhizosphere. At very low (4.00) and high (5.50) pH, the 

availability of major as well as micronutrients drastically affected and immediately plant 

suffers from nutritional stress. Therefore soil amendment will be performed in such a way 

that pH should be in between 4.00 < pH < 6.00. From the Fig. 6.8, it may be predicted 

that antioxidant activity restoration in tea leaves is optimized when the pH range in 

between 4.00 -5.50. There is a correlation between available form of organic nitrogen and 

antioxidant quality of tea leaves (Fig. 6.9). Nitrogen play significant role on preservation 

of antioxidant potentiality up to certain limit of 0.20 % after which antioxidant value 

decreases. Nitrogen is a basic constituent of protein and nucleic acid, integral part of 

chlorophyll, imparts vigorous vegetative growth, delay in maturity of plants, related to 

carbohydrate utilization and enhance sink strength. Excess nitrogen is a possible cause of 

Zn deficiency in citrus plant (Das, 1996). Potassium show the insignificant role (Fig. 

6.11) on preservation of antioxidant activity in tea plant, present observation clearly 

indicates that 80-100 ppm soil potash maintain this important property, above or below 
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this limit may be detrimental to radical scavenging activity of tea due to catalytic nature, 

over activate the enzyme and disturb the osmotic pull. The effect of phosphorus on free-

radical scavenging activity is presented in Figure 6.9. Soil available phosphorus (Figure 

6.10) showed the varying degree of radical scavenging action of tea leaves but significant 

activity was observed within 15- 45 ppm level. 

Harbone (1980) observed that the phosphorus deficiency increases antioxidant 

constituent levels; same finding was also reflected in this experiments. Sulphur is a vital 

part of ferredoxins which is important for light and dark reaction of photosynthesis 

process and important constituents of some protein, so maintenance up to certain range 

very much essential. In Figure 6.12, insignificant action of sulphur on antioxidant was 

observed, above 13.00 and below 7.00 reduces the tea antioxidant quality. Moisture level 

at 15% decreases the nutrients availability of tea plants. Oxidative stress generated within 

the cell as a result of low water availability increases its antioxidant property so. Figure 

6.14 shows the significant results within 15-20 % moisture level. Figure 6.13 show that 

chloride ion is significantly related with the DPPH up to 0.03 ppm level. Presence of 

excessive chloride is detrimental and might cause cell damage. Figure 6.13 shows that 

electrical conductivity of soil less than 1.00 mmho have significant relations. Plant age 

and leaf maturation was also significantly correlated with antioxidant (Figure 6.15) 

quality of tea. Figure 6.16 show that mulching practices have insignificant relation with 

the antioxidant quality of tea. However, some cultural practices like mulching, use of 

traditional use of agro inputs of soil greatly influence the phytochemical constituents 

present in the different plants like Drymaria (Mandal et al., 2009a), which contradicts our 

opinion in case of tea. 
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For normal growth and development, when nutrients are not limiting the important 

weather variables are solar radiation, temperature, saturation deficit of the air and rainfall 

(Carr, 1992). The growth processes are manifested with the expansion of leaves, shoots, 

production and storage of dry matter and partitioning of secondary metabolites between 

the various plant organs. Maturation of tea leaf affects the accumulation pattern of 

antioxidant capacity as executed in Figure 6.15. This may be due to higher allocation of 

carbon in secondary metabolites pathway with up regulation of maturation. Minimum 

temperature 12-13° C maximum 30° C and 700 mm / annum precipitation is ideal for tea 

cultivation. Below minimum temperature and above maximum temperature, storage and 

development of antioxidant compounds in tea leaves may be hampered. Yao et al. (2005) 

also observed the seasonal variation of phenolics compounds in Australia grown tea. This 

is also in agreement with our result of agro-climatic variability of antioxidant quality of 

tea. 

6.8 SEASONAL VARIATION 

6.8.1 Seasonal variation of antioxidant activity and phenolics among different clones 

Fresh tea shoots, comprising of one apical bud and two adjoining leaves were hand 

plucked from commercial clones: TV1, TV20, TV26, TV29, TV30, Tingamara, Dangari 

Manipuri and Sundaram (B/5/63) were taken for this study. Total phenolic content of 

young fresh tea shoots belongs to eight clones is represented in Table 6.19. The clones 

were collected from three harvest season during March, June and December. The 

statistically important differences on the phenolics were obtained in different harvest 

times in tea clones (p<0.01). The total phenolic content was continuously increased from 

first to third harvest in all clones. The great difference in tea shoots in terms of total 

phenolics at different harvest time is supposed to be the effect of change of ecological 

parameters. 

Less sunlight is passed through North Bengal region during mid December month 

(3
rd

 harvest) than the other harvest times due to heavy fog. The sunlight might affect the 

biosynthesis of total phenolics as Phenyl propanoid derivatives are elicited by UV coming 

from sunlight. In contrary, this month in North Bnegal region, the differences between 
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day and night temperatures are also higher and the rainfall was irregular.  In this stress 

condition, tea clones produce more phenolics. It has been shown that the biosynthesis of 

phenolic compounds in the tea shoots can be effectively induced by stronger sunlight and 

length of daytime. So in shaded tea flushes, the concentration of phenolic compounds are 

much lower. Similar findings were also observed by Mahanta et al. (1992). On the basis 

of this information, it might  be concluded the differences in total phenolic levels among 

fresh tea shoots harvested in different months in North Bengal might not be just 

temperature effect but also a day length and sunlight effect. However, further studies are 

required to elucidate the induction of biosynthesis of total phenolics by day length and 

sunlight exposure correlated with UV index. 

Achuthan et al. (2003) stated that the highest phenolic levels in tea shoots are 

important for public health by reducing the risk of atherosclerosis and coronary heart 

disease, which can be caused by oxidation of low density lipo-proteins. The present result 

indicates that there is potential to produce higher quality black tea during the December 

months of North Bengal. These results are in agreement with the findings of Yao et al. 

(2005), who found more phenolics occurred in relatively warmer months in the shoots. 

Antioxidant activity of fresh tea shoots in seven clones were represented in Table 

6.19. There were statistical differences among harvest times in all tea clones except TV1 

(p<0.05). Antioxidant activity was increased from 1
st
 harvest to 3

rd
 harvest times in all tea 

clones. In almost all tea clones, the free radical scavenging property was comparable with 

standard synthetic antioxidant BHA. In previous studies conducted on tea by Karori et al. 

(2007), the antioxidant activity of different tea products in different solvent was found 

between 56-83%. Halliwell et al. (1999) revealed that commonly consumed products like 

tea, coffee and cocoa have possessed significant amount of antioxidant activity. The result 

for antioxidant activity clearly outlined that the tea shoots could be one of the richest 

sources among plants in terms of antioxidant activity. The great difference of tea shoots 

for antioxiant activity at different harvest time is also supposed to be the change of 

climatic variation. The composition of tea shoots varies with climate, season, variety and 

age of the shoot. There were strong relationships between antioxidant activity and total 

phenolics in all harvest periods in all clones. Juliani et al. (2002) also reported strong 
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relationship between antioxidant activity and total phenolics in tea shoots. 

6.8.2 Seasonal variation of mineral content in tea shoots with clonal variation 

The mineral contents of tea shoots at different harvest times in  different tea clones were 

shown in Table 6.20. Based on mineral composition, differences were observed with 

different harvest times in all tea clones. The amount of N in tea leaves was the highest at 

3
rd

 harvest time in TV26, TV29, TV30 and Tingamara clones between 2.27 to 2.87% 

respectively.  However, in TV1 and Dangri Manipuri clones, the amount of N was the 

highest in 2
nd

  harvest (2.63%). 

In TV20 the amount of N was the highest at 1
st
 harvest time (2.96%). The amount 

of P in tea leaves were between 0.151 – 0.280% and it was the highest at 3
rd

 harvest time 

in TV29, Tingamara, Dangri Manipurit and Sundaram clones. Similar to N, TV20 had 

highest P content at first harvest time. The K content of fresh tea shoots were between 

12300 – 19900 ppm among clones at different harvest times. Three out of eight clones 

had the highest K content at 3
rd

 harvest period (TV20, TV29 and TV30). The other clones 

had the higher K content at 2
nd

 (TV1 and Dangri Manipuri clones) and 1
st
 harvest (TV26 

and Tingamara). All tea clones had the highest calcium content at 3
rd

 harvest time 

between 803-2607 ppm. Magnasium content was also highest at 3
rd

 harvest time  in  most 

of the clones except TV20 and TV29. Most of the tea clones had the highest Fe, Cu, Mn 

and Zn content at 3
rd

 harvest period. Mineral composition of plants depend, not only on 

the species or varieties, but also on the growing condition such as soil and geograohic 

condition. It is noteworthy that the minerals are important not only for human nutrition, 

but for plant nutrition as well. Potassium, a mineral essential for controlling salt balance 

in human tissue. Zinc, a trace material, that is essentially important for normal 

functioning of immune system, is present in good levels in tea shoots in seven clones. 

Calcium, a mineral which is essential to bone structure and function, is relatively high in 

seven tea clones. 
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Table 6.19 Seasonal variation of antioxidant activity and total phenol content of tea shoots 

Tea clone Harvested time Free radical scavenging activity (%) Total phenolic content mg GAE/g DW 

TV1 

March 

June 

December 

99.49a 

92.86b 

96.721ns 

253.11a 

114.93b 

90.57c 

TV20 

March 

June 

December 

98.22a 

92.60b 

77.47c 

123.75a 

109.48b 

48.75c 

TV26 

March 

June 

December 

98.94a 

96.66ab 

89.25b 

225.11a 

84.02b 

81.48b 

TV29 

March 

June 

December 

99.00a 

96.77ab 

86.87b 

114.20a 

84.02b 

36.02c 

TV30 

March 

June 

December 

96.55a 

97.46a 

86.47b 

86.02b 

92.20b 

197.84a 

Tingamara 

March 

June 

December 

99.28a 

94.19ab 

89.72b 

249.71c 

123.11b 

65.11c 

Dangri Manipuri 

March 

June 

December 

99.97a 

97.35ab 

90.55b 

294.20a 

96.75b 

93.29b 

Sundaram B/5/63 

March 

June 

December 

99.97a 

97.35ab 

90.55b 

294.20a 

96.75b 

93.29b 

Tinali 17 

 

March 

June 

December 

99.91b 

97.35ab 

90.55ns 

94.20a 

97.75b 

95.29b 

Takda 7,8 

March 

June 

December 

98.97a 

96.35ns 

92.55b 

99.20a 

96.72b 

93.20b 

*Values in the same column with different lower-case letters in same clone are significantly different at P<0.01. ns: non significant 
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Table 6.20 Seasonal variation of mineral content of tea shoots 

 

Tea clone 
Harvested 

time 
N (%) P (%) K ppm 

Ca 

ppm 

Na 

ppm 

Mg 

ppm 

Zn 

ppm 

Cu 

ppm 

Fe 

ppm 

Mn 

ppm 

TV1 

March 

June 

December 

2.15b 

2.26a 

1.82c 

0.21b 

0.298a 

0.168c 

13900b 

15700a 

12300c 

1202c 

1604b 

2205a 

183b 

209ab 

217a 

506ab 

451b 

631a 

448a 

405b 

373c 

299a 

269ab 

252b 

636a 

610b 

540b 

344a 

341ab 

302b 

TV20 

March 

June 

December 

2.96a 

2.85a 

1.64b 

0.276a 

0.263a 

0.151b 

14520b 

13700c 

19000c 

1603b 

1002c 

2404a 

271a 

183b 

253ab 

633a 

633a 

578b 

608a 

583a 

336b 

412a 

396ab 

227b 

885a 

845b 

482c 

479a 

460a 

272b 

TV26 

March 

June 

December 

1.88b 

1.94b 

2.87a 

0.177b 

0.179b 

0.266a 

16300a 

13200b 

15900a 

1006b 

803c 

2401a 

147b 

255a 

253a 

631a 

594b 

630a 

384b 

397b 

590a 

260b 

270b 

399a 

592b 

578b 

857a 

310b 

325b 

478a 

TV29 

March 

June 

December 

2.66b 

2.78ab 

2.87a 

0.248b 

0.280a 

0.266ab 

14300b 

14700ab 

15300a 

1402b 

2003a 

2206a 

145b 

219a 

181ab 

541b 

558b 

648a 

465b 

620a 

570a 

315b 

421a 

379ab 

679b 

902a 

808ab 

370b 

504a 

479ab 

TV30 

March 

June 

December 

2.24a 

1.68b 

2.27a 

0.209a 

0.154b 

0.210a 

12300b 

12300b 

19900a 

144b 

1206c 

2009a 

217b 

290a 

181c 

613ns 

540 

576 

459a 

341b 

466a 

311ns 

232 

315 

669a 

496b 

676a 

371a 

276b 

377a 

Tingamara 

March 

June 

December 

2.27ns 

2.45 

2.66 

0.211b 

0.259ab 

0.281a 

14600ns 

14100 

14400 

1604c 

1908b 

2401a 

127c 

290b 

326a 

541ns 

570 

612 

546ns 

580 

621 

370ns 

401 

420 

794ns 

808 

900 

440ns 

472 

508 

Dangri Manipuri 

March 

June 

December 

1.82b 

2.63a 

2.60a 

0.170b 

0.244ab 

0.280a 

15800b 

18200a 

13700c 

2010c 

2203b 

2607a 

185c 

275a 

217b 

594ab 

486b 

649a 

375c 

531b 

630a 

252c 

366b 

420a 

545c 

785b 

901a 

311c 

440b 

523a 

Sundaram 

B/5/63 

March 

June 

December 

1.82b 

2.63a 

2.60a 

0.168b 

0.246ab 

0.282a 

15700b 

18100a 

13800c 

2011c 

2213b 

2601a 

187c 

280a 

219b 

595ab 

480b 

649a 

371c 

540b 

623a 

252c 

366b 

420a 

549c 

781b 

910a 

304c 

437b 

509a 

Tinali 17 

 

March 

June 

December 

2.64b 

2.58ab 

2.80a 

0.241b 

0.282a 

0.263ab 

14100b 

14600ab 

15100a 

1422b 

2001a 

2201a 

143b 

217a 

180ab 

541b 

558b 

648a 

461b 

622a 

571a 

313b 

422a 

377ab 

678b 

901a 

806ab 

372b 

501a 

478ab 

Takda 7,8 

March 

June 

December 

1.85b 

2.53a 

2.50a 

0.171b 

0.242ab 

0.281a 

15700b 

18100a 

13600c 

2012c 

2201b 

2606a 

181c 

270a 

215b 

591ab 

482b 

648a 

371c 

530b 

632a 

251c 

364b 

422a 

544c 

783b 

900a 

310c 

442b 

521a 

*Values in the same column with different lower-case letters in same clone are significantly different at P<0.01. ns: non significant 
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6.9 CORRELATION AMONG ANTIOXIDANT OF FRESH TEA SHOOTS AND 

SOIL NUTRITION 

Table 6.21 shows the antioxidant activity of tea of Dooars region and soil nutrient profile 

of six places with different age. Nutrients rich soil influences the biosynthesis of total 

phenolics and flavonoids. In this investigation, total phenol contents in teas were highly 

correlated with nutrient profile of soil. This observation suggested that anti-lipid per 

oxidation have highly significant correlation with nitrogen content available in soil, 

indicates that nitrogen content of soil is highly responsible for antioxidant capacity of tea. 

This result is comparable with some other findings in fruits and vegetables by 

Ghosal et al., 2014 who accounted that the use of mineral fertilizers, particularly nitrogen 

increases the vitamin C content which is frequently used as an indicator of the antioxidant 

properties of fruits and vegetables. Same findings were also reported by Liu et al. (2010) 

that nitrogen had major effects on the concentration of total flavonoids of 

Chrysanthemum morifolium flowers (Stafford, 1990). 

It was observed that DPPH, superoxide and hydroxyl radicals were dependent on 

nitrogen content of soil. Flavonoid is polyphenolic compounds derived from Shikimic 

acid pathway and phenylpropanoid metabolism. It was revealed from the study of Jones 

(1984) and Margna (1977) that transformation of L-phenylalanine to trans-cinnamic acid 

by the Phenylalanine Ammonia Lyase (PAL) is the initial step in the biosynthesis of 

flavonoids and other phenylpropanoid derivatives. On the other hand, L-phenylalanine is 

also the precursor of proteins. So, there is a competition between proteins and phenolics 

for the common precursor. Margna et al. (1989) showed that at high supply rates, 

nitrogen may reduce the synthesis of flavonoids through encouraging the channelization 

of L-phenylalanine towards proteins. 
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Table 6.21 Correlation matrix analysis for Dooars Tea 

*Correlation is significant at the P < 0.05 level 

 

 

 

S
o

il
 A

tt
r
ib

u
te

s 

Age 
DPPH 

(IC50) 
ALP 

Super 

oxide 

Nitric 

oxide 
Hydroxyl TP 

F
la

v
o

n
o
l Quinone Tannins yield 

pH 0.755
*
 0.142 0.955

*
 -0.531 0.182 0.420 0.788

*
 0.709

*
 -0.034 0.762

*
 -0.100 

EC 0.656
*
 0.590

* 
0.917

*
 -0.210 0.638

* 
0.742

*
 0.391 0.776

*
 0.433 0.953

*
 0.416 

OC 0.692
*
 0.526

* 
0.954

*
 -0.305 0.524

*
 0.713

*
 0.531 0.800

*
 0.355 0.912

*
 0.256 

N 0.689
*
 0.234 0.921

*
 -0.504 0.281 0.499 0.710

*
 0.735

*
 0.076 0.789

*
 -0.046 

K 0.887
*
 0.350 0.912

*
 -0.242 0.300 0.495 0.740

*
 0.586

*
 0.139 0.857

*
 0.114 

P 0.768
*
 0.351 0.963

*
 -0.366 0.357 0.574

*
 0.650

*
 0.738

*
 0.207 0.897

*
 0.121 

S 0.770
*
 0.405 0.958

*
 -0.340 0.389 0.604

*
 0.646

*
 0.742

*
 0.254 0.911

*
 0.143 

MC 0.855
*
 0.224 0.932

*
 -0.374 0.219 0.432 0.793

*
 0.618

*
 0.021 0.808

*
 -0.004 

Cl- -0.694 0.360 -0.095 -0.032 0.606
*
 0.461 0.809

*
 0.368 0.445 -0.087 0.481 
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Table 6.22 Correlation matrix analysis for Terai Tea 

*Correlation is significant at the P < 0.05 level. 

 

S
o

il
 

A
tt

ri
b

u
te

s 

Age 
DPPH 

(IC50) 
ALP 

Super 

oxide 

Nitric 

oxide 
Hydroxyl TP 

F
la

v
o

n
o

l 

Quinone Tannins yield 

pH 0.742
*
 -0.121 -0.489 0.081 0.576 -0.633 0.699

*
 0.910

**
 -0.836

**
 0.919

*
 -0.299 

EC 0.589 0.439 0.150 0.659
* 

0.715
*
 -0.133 0.754

*
 0.419 -0.515 0.923

*
 0.345 

OC 0.729
*
 0.128 -0.270 0.335 0.704

*
 -0.478 0.750

*
 0.783

*
 -0.757 0.961

*
 -0.154 

N 0.709
*
 -0.081 -0.431 0.147 0.627

* 
-0.609 0.737

*
 0.823

*
 -0.777 0.934

*
 -0.132 

K 0.872
*
 0.042 -0.303 0.219 0.508

*
 -0.419 0.576 0.837

*
 -.892 0.962

*
 -0.194 

P 0.702
*
 0.241 -0.100 0.472 0.706

*
 -0.332 0.771

*
 0.666 -0.692 0.989

*
 0.069 

S 0.784
*
 0.068 -0.280 0.276 0.592

* 
-0.448 0.708

*
 0.809

*
 -0.819 0.985

*
 -0.105 

MC 0.852
*
 -0.044 -0.398 0.131 0.488 -0.499 0.596

* 
0.891

*
 -0.905 0.947

*
 -0.270 

Cl- -0.536 0.256 0.132 -0.131 0.111 0.124 -0.125 -0.125 -0.124 -0.178 0.089 
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Table 6.23 Correlation matrix analysis for Darjeeling Tea 

 

Age 

D
P

P
H

 (
IC

5
0
) 

ALP 

S
u

p
er

 o
x

id
e
 

N
it

ri
c 

o
x

id
e
 

Hydroxyl TP 

F
la

v
o

n
o

l 

Quinone Tannins 
Extractive 

yield 

pH 0.741
*
 0.199 0.420 -0.242 0.292 0.060 0.165 -0.193 -0.003 0.288 -0.168 

EC 0.657
*
 0.712

*
 0.675

*
 0.243 0.381 0.545

* 
0.608* 0.290 0.288 0.523

* 
0.270 

OC 0.750
*
 0.428 0.621 -0.037 0.340 0.248 0.404 0.083 0.268 0.494 0.124 

N 0.618
*
 0.343 0.685

*
 0.102 0.461 0.376 0.422 0.208 0.395 0.605

*
 0.099 

K 0.859
*
 0.428 0.526

* 
0.014 0.205 0.246 0.313 -0.007 0.245 0.405 0.100 

P 0.740
*
 0.439 0.620

*
 -0.088 0.203 0.240 0.441 -0.010 0.198 0.434 0.142 

S 0.740
*
 0.414 0.615

*
 -0.063 0.261 0.267 0.410 -0.005 0.183 0.461 0.075 

MC 0.850
*
 0.300 0.430 -0.116 0.218 0.116 0.189 -0.127 0.117 0.318 -0.041 

Cl
- 

-0.466 0.514 0.610
*
 0.622

* 
0.374 0.767

*
 0.712

*
 0.839

*
 0.607

* 
0.646

* 
0.529

* 

* Correlation is significant at the P < 0.05 level. 
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They also proved that during nitrogen deficiency, the deamination of L-

phenylalanine prompted to synthesize flavonoids in order to recycle the nitrogen from the 

deaminated L-phenylalanine. Reversal of the effect of the soil nutrient was also noticed in 

these plants where decline of the antioxidant activity and phenolic constituents were 

observed (Table 6.22). Juan et al. (2008) in their study on mustard leaf is in agreement 

with this study on effects of nitrogen and sulphur on total phenol content and antioxidant 

activity and stated that increasing nitrogen supply considerably decreased total phenolic 

concentrations. Nitrogen amendment and enhanced soil fertility sometimes reduce stress 

signals in root and inhibit PAL activity, which might be the cause of decreased 

accumulation of polyphenols and low molecular weight antioxidants. In an experiment 

conducted by Soundy et al. (2007) found that the potassium fertilizers increased total 

polyphenols quantitatively. Kamal et al. (2008) noticed a significant increase in the total 

polyphenols content of onion through potassium treatments. 

DPPH and anti-lipid peroxidation of tea are due to existence of total phenol 

content which was also highly correlated with potassium available in the soil (Table 6.21 

to23). Engel et al. (2006) showed the positive effect of using potassium-based fertilizers 

with the total phenol contents and antioxidant activity. Similar observations were also 

found by Wu et al. (2013) in Ziziphus jujuba who stated that potassium supplementation 

improved the accumulation of bioactive phenolics and strengthened antioxidant activity. 

Also same findings were noticed by Lester, (2007) on the soil type and subsequent 

accumulation of nutrients by cultivated plants. Dayang et al. (2012) referred that 

phosphorous is also a vital soil nutrient which is used as fertilizer for optimizing the 

accumulation of antioxidant molecules in plants. 

Physical properties generally pH, EC and moisture content of soil greatly 

influence the phytochemical constituents present in the different parts of Drymaria plants 

(Mandal et al., 2009b). Similar results were also established as noticed in Table 6.21-

6.23. Mandal et al. (2009) also reported that phytochemicals constituents and physico-

chemical properties of soil collected from different places of Dooars, Terai and 

Darjeeling Hills were significantly correlated with each other. From Table 6.21 -6.23, it is 
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clear that age is also a vital factor for mobilizing soil nutrients and it is highly correlated 

with antioxidant attributes of tea. 

6.10 TEA PROCESSING CONTROLS 

The drying of agriculture crops for preservation is a long practiced by traditional method 

of treatment so that they can be stored for subsequent consumption or transported to 

distant market. The tea crop at the moments of harvesting has high moisture and as such it 

could be decomposed in a relative short time. The basic need to process the tea crops in a 

short time interval is meant that there are limits to harvest areas served by an individual 

tea factory. These limits are affected by local productivity levels, transportation of leaf to 

the factory, and any potential drop in price caused by delayed treatment overcoming the 

supposed economic advantages of scale. The basic concept of drying has tended also at 

time to obscure vital role played by the factory equipments in processing tea such that 

optimum flavour and quality development in terms of high antioxidants and that a clean 

attractive product is produced. The following section describes the tea processing and its 

different stages and highlights some of the aspects which need to be kept in mind by the 

designers or planters. 

The variation of chemical content present in tea shoots in different harvest time 

(Misra et al., 2016) and change during processing (Figure 6.17) in particular in North 

Bengal has not been studied and also challenges before tea industries to get a clear 

comprehension of biochemical reactions (Figure 6.20) which take place during processing 

which are necessary for safe keeping the constituents in end product of black tea because 

of its large user group. 
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Figure 6.17 Schematic representation of process flow diagram of Tea manufacturing  
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Figure 6.18 Schematic representation of manufacturing of Non Fermented (Green), Semi Fermented 

(Oolong) and Fermented Black Tea. 
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The primary polyphenols are oxidized during the fermentation process and are transformed 

to compounds with tanning properties. The oxidized polyphenols in tea are responsible for 

briskness, strength, colour, taste and pungency of the tea infusion. These polyphenols 

remain intact in tea as drying of leaves followed by plucking and finally drying in 

orthodox tea manufacture industry inactivates the enzyme polyphenol oxidase. Therefore, 

processing step optimization of manufacturing can be devised to upgrade the end product. 

Another major area, seems to be nearly absent in all industries i.e. controlling reactions in 

processing. The requirements of tea processing have undergone a major shift over the 

Figure 6.19 Withering behavior of investigated cultivars  
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years. Then the question is what is responsible for this shift? For finding the solution, this 

study has been under taken in North Bengal University Laboratory for studying different 

chemical composition in leaf and end product step wise manufacturing process (Figure 

6.18)  in young tea shoots of ten tea clones in North Bengal i.e. Terai, Dooars and Hill 

region. As the black tea processing control is very difficult for trial in the Garden factory 

so sample collection is very crucial. 

 

 

 

 

 

 

 

 

 

 

 

 

6.10.1 Sample Collection and preparation for tea manufacturing 

Fresh tea shoots (C. sinensis), comprises of one apical bud and two adjoining leaves, 

around 250 gm, were hand plucked from commercial clones, TV-1, TV-20, TV26, TV-

29, TV-30, Tingamara, Dangarimonipuri and Sundaram (B/5/63), Tinali17, Takda7 and 

Takda8. The clones are initially identified by Bagan babu (Head of the workers) and 

Figure 6.20 Reaction pathways during Tea processing. 
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Assistant Manager of the TE and finally by the Tea experts. The clones are found together 

in the same plantation in Paharghumia TE located at Naxalbari area in Terai, Bagracote 

Tea garden in Dooars and Phuguri in Darjeeling Hill of North Bengal. The clones were 

more or less of same age. The samples were collected from these commercially produced 

clones at three harvest season (March, June and December) in 2006, 2007, 2008, 2009 

and 2010 respectively. There were no statistical differences between years in terms of 

chemical profile among shoots and black tea; therefore the results of five years were 

pooled. The handpick freshly collected tea shoots of 16 plants per clone / jat were 

processed for sample preparation following the usual manufacturing procedure of black 

tea. For this, leaves were withered for 10-14 hrs depending on the moisture contents in the 

leaves, fermented in regulated 26, 28, 30 and 32ᵒ C temperature and in controlled moisture 

for 40 to 110 minutes, then oven dried in an oven not exceeding the temperature above 

88ᵒC. For enzyme extraction leaves and intermediate products were taken followed by 

standard procedure. 

6.10.2 Principal stages of processing (Figure 6.19) 

Basically tea factory consists of series of operations in the following order and same 

principle was followed in the laboratory: 

1. Partial removal of moisture (withering) 

2. Leaf disintegration into small pieces (cutting, rolling) 

3. Quality development by exposure to air (oxidation or fermentation) 

4. Completion of moisture removal (drying or firing) 

5. Sieving into size fractions with fibre removal (sorting) 

The most important physical functions are water removal and particle size determination, 

while the most important chemical aspects occur is withering, fermenting and drying. 

6.10.3 Withering and Fermentation behaviour 

Withering is the first stage black tea manufacturing, at this stage leaf goes under physical 

and chemical wither. In physical wither, loss of moisture occurs, as a result leaves 
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become flaccid. In chemical wither, breakdown of large molecules to small units result in 

(a) increase in amino acids; (b) Increase in flavour compounds by the breakdown of fatty 

acids into aldehydes and alcohol; (c) increase the cell wall permeability. Results shown in 

Table 6.24 that free radical scavenging activity was highest in TV1, 20, 26 Takda 7, 8 and 

B/5/63 at the 70%, TV29, 30, Tingamara and Tinali 1,7 at 68 % and only Dangrimonipuri 

at 69% withered leaf moisture  and the Figure 6.19 showed the withering behavior of tea  

cultivar and it was varied between 10 to 14 hrs depending on the season and presence of 

leaf moisture, atmospheric humidity, ambient temperature, air flow etc. 

6.10.4 Black tea quality optimization in relation to fermentation 

6.10.4.1 Process optimization with moisture content 

Withered leaves in optimum condition were then proceed for fermentation followed by 

rolling i.e. the break up the leaf cell so as to mix biochemical constituents and enzymes 

that initiate a whole series of reactions and in case of orthodox tea, less cell disruption is 

required as compared with CTC. The main action of preconditioning roll is the expression 

of leaf juice onto the surface of the twisted particle, these juice dry up on the surface of 

the particles to contribute to the blackness of tea.  In fermenting process, the oxidation of 

phenols by the enzyme action of PPO takes place as shown below: 

Enzyme 

Polyphenols + Oxygen                        Oxidized polyphenol 

 

Two groups of chemicals, TF (Orange red colour) and TR (Brown colour) are formed in 

presence of atmospheric oxygen and the levels depend on the period of fermentation and 

temperature of the processed tea leaves. 
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Table 6.24 Black Tea quality in relation to withered leaf moisture 
 

Cultivar % WL Moisture % TF % TR(t) % Total phenol 

% Free radical 

scavenging 

activity 

PPO activities 

QO2 μl/ mg 

T
V

1
 

67 1.16± 0.12 15.58±1.2 26.15±1.32 99.49±3.21 15.85±1.45 

68 1.28± 0.11 17.69 ±1.21 27.56±1.25 99.62±2.41 16.41±1.21 

69 1.41± 0.13 17.21± 1.32 24.99±1.65 98.68±2.54 16±1.32 

70 1.85± 0.12 17.10± 1.21 27.95±2.31 99.81±2.65 16.65±1.12 

71 1.76± 0.11 17.35±1.10 26.95±2.12 99.51±2.36 15.65±1.32 

T
V

2
0
 

67 1.21±0.85 17.36± 0.98 28.48±1.10 99.07±3.21 15.7±1.10 

68 1.34 ±0.52 17.15 ±0.65 28.47±0.85 99.02±3.31 16.1±1.12 

69 1.39 ±0.36 19.72± 0.54 28.21±0.27 99.15±3.62 16.2±1.23 

70 1.59± 0.24 19.99±0.52 28.58±0.36 99.603.89 16.41±1.14 

71 1.57 ±0.28 19.85 ±0.35 28.50±0.65 99.19±3.34 15.81±1.12 

T
V

2
6
 

67 1.05± 0.32 17.49 ±0.45 22.88±0.87 99.71±3.21 13.82±1.12 

68 1.19 ±0.31 20.62±0.32 22.61±0.65 99.84±2.58 13.25±1.11 

69 1.48± 0.17 19.93± 0.36 22.73±0.31 99.74±2.54 13.47±1.12 

70 1.51 ±0.12 21.32 ±0.28 23.68±0.34 99.94±2.65 14.62±1.15 

71 1.49± 0.14 19.60 ±0.21 22.63±0.78 99.33±2.14 13.15±0.98 



153 

  

Table 6.24 Black Tea quality in relation to withered leaf moisture 
 

Cultivar % WL Moisture % TF % TR(t) % Total phenol 

% Free radical 

scavenging 

activity 

PPO activities 

QO2 μl/ mg 

T
V

2
9
 

67 1.64± 0.18 21.71±0.36 24.55±0.34 99.8±2.13 12.68±0.56 

68 1.69±0.11 20.55 ±0.32 25.37±0.31 99.85±3.21 13.47±0.89 

69 1.49± 0.14 18.08±0.21 24.41±0.12 99.81±3.21 12.53±0.89 

70 1.41± 0.13 16.97± 0.18 25.15±0.87 99.81±4.12 13.28±0.95 

71 1.41± 0.11 15.06± 0.17 24.01±1.1 99.21±4.21 12.45±0.96 

T
V

3
0
 

67 1.72± 0.17 22.29 ±0.15 22.63±0.65 98.43±4.65 10.17±0.97 

68 2.08±0.151 23.32 ±0.19 23.51±1.4 99.69±4.52 10.58±0.94 

69 1.90±0.12 23.29± 0.20 22.45±0.19 98.68±3.28 10.1±0.94 

70 1.43± 0.13 22.91±0.32 23.43±0.69 99.51±3.96 10.17±0.92 

71 1.36±0.21 19.63±0.14 22.41±0.25 98.38±3.56 10.53±0.91 

D
a
n

g
ri

 M
a
n

ip
u

ri
 

67 1.81±0.14 24.51± 0.11 26.51±0.45 99.51±3.45 15.42±0.93 

68 2.08 ±0.32 23.02 ±0.36 26.78±0.24 99.72±3.25 15.51±0.93 

69 2.09± 0.24 22.49 ±0.54 25.69±0.24 99.92±3.14 16.39±0.95 

70 1.67±0.32 19.60± 0.98 26.31±0.24 99.15±3.89 15.22±0.95 

71 1.47± 0.27 19.95± 0.59 26.08±0.87 99.51±3.78 15.13±0.94 
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Table 6.24 Black Tea quality in relation to withered leaf moisture 
 

Cultivar % WL Moisture % TF % TR(t) % Total phenol 

% Free radical 

scavenging 

activity 

PPO activities 

QO2 μl/ mg 

T
in

g
a
m

a
ra

 

67 1.62± 0.39 21.71± 0.39 26.88±0.36 99.54±3.45 15.71±0.96 

68 1.67± 0.34 20.55±0.37 27.51±0.24 99.66±3.21 16.61±0.91 

69 1.29 ±0.39 18.08±0.32 26.38±0.34 99.38±3.12 16.01±0.92 

70 1.31± 0.34 16.97±0.31 27.18±0.32 98.71±3.58 16.51±0.93 

71 1.42 ±0.12 15.06 ±0.31 26.38±0.24 99.38±5.32 16.01±0.95 

T
in

a
li

 1
7
 

67 1.15 ±0.11 17.43± 0.39 25.12±0.28 98.65±1.52 14.23±0.93 

68 1.29±0.13 19.52±0.98 25.18±0.36 98.56±1.98 14.58±0.91 

69 1.42 ±0.13 19.93 ±0.88 24.32±0.39 98.68±1.89 14.78±0.90 

70 1.59 ±0.12 21.33±0.87 25.92±0.32 99.51±2.45 15.03±0.93 

71 1.50± 0.11 19.61±0.62 22.43±0.39 98.38±3.21 10.51±0.97 

T
a
k

d
a
 7

,8
 

67 1.76± 0.11 22.23 ±0.32 24.32±0.34 98.65±3.12 14.25±0.95 

68 1.28± 0.15 23.12± 0.27 25.36±0.31 98.65±2.98 15.01±0.94 

69 1.91± 0.11 23.29±0.36 24.99±0.32 97.56±2.87 13.2±0.96 

70 2.03± 0.21 23.91± 0.24 25.52±0.30 99.51±2.63 15.05±0.94 

71 1.33± 0.10 19.66±0.54 25.18±0.31 98.56±2.321 14.58±0.93 
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Table 6.24 Black Tea quality in relation to withered leaf moisture 
 

Cultivar % WL Moisture % TF % TR(t) % Total phenol 

% Free radical 

scavenging 

activity 

PPO activities 

QO2 μl/ mg 

B
/5

/6
3
 

67 1.17± 0.12 15.58± 0.21 24.35±0.31 98.65±2.69 14.23±0.92 

68 1.23 ±0.11 17.69±0.78 25.28±0.36 98.75±2.45 15.21±0.93 

69 1.44± 0.11 17.21± 0.39 24.65±0.39 98.68±3.65 15.1±0.92 

70 1.95±0.10 18.10± 0.92 25.25±0.32 99.51±3.21 15.23±0.92 

71 1.76± 0.12 17.35± 0.31 24.90±0.31 97.56±3.11 13.2±0.91 

All data are presented as the mean of three experiments; within columns (Mean ± SE) 
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High temperature accelerates the formation of TR, which imparts dull colour to the 

liquor. Figure 6.23 below shows the progressive formation of TF and TR during 

fermentation and for the idealized liquor, color and brightness the ideal ration of TF: TR 

is 1:10.  Formation of flavour compounds too occur during this process where some of the 

desirable components form during the early stages and this would be the reason for the 

practice of short fermentation period during flavour seasons which would have lost on 

extended fermentation. Oxidized polyphenols and enzymes Polyphenol Oxidase or 

Peroxidase cause degradation of amino acids to aldehyde , carotenes become beta-ionone 

and alpha-ionone etc which imparts typical tea flavours, fatty acids like linolenic acid 

degraded to aldehydes which are responsible for flavoury compounds. 

Figure 6.21 Optimization of fermentation time  
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From Table 6.25, it was revealed that the highest antioxidant properties and other 

tea quality attributes were obtained at the temperature 28ºC in case of TV1, 

Dangrimanipuri,, Tingamara , B/5/63 whereas the same was optimized at 32ºC for 

cultivars like TV26, 29, 30, Tinali17, Takda78 and only TV20 showed best result at 30ºC 

temperature.  In Figure 6.21, the optimization of fermentation time of different cultivars 

was represented. 

 

 

The series of chemical and biochemical reaction are arrested in the drying process by the 

removal of moisture and inactivation of endogenous enzymes. Chlorophylls are converted 

to pheophytin at elevated temperature of firing and tea become black; higher temperature 

helps to bond polyphenols with the protein and brings down the astringency. Interaction 

with sugar and amino acids take place at elevated temperature leading to formation of 

Figure 6.22 Cultivar Wise Scatter Matrix based on Fermentation and Withering Time.  
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beta-ionone and other compounds have the flavour and this flavour is balanced during 

drying /firing at 88ºC because some of the lesser desirable low boiling compounds are 

removed thus accentuating the presence of more useful higher boiling compounds. 

 

6.10.4.2 Process optimization with fermentation temperature 

Figure 6.22 showed the cultivar wise withering and fermenting time. It was revealed from 

this experiment that withering and fermentation are inversely related for each cultivar 

with some exceptions. Optimum fermentation time is found to be similar for pruned and 

unpruned leaf for each cultivar. In each cultivar, composition of different biochemical 

parameters was found to be similar between prune and unpruned tea. The scatter matrix 

may help in blending of different cultivars for uniform behaviour during processing and 

the withering behaviour and fermentation trends for ten cultivars was documented. 

The Factors  which might affect fermentation time are fineness of plucking, nature 

of cultivars, degree of wither or percentage of moisture in withered leaf, temperature, 

aeration, thickness of bed etc. and catechin composition of the green leaf. Tea leaf 

Polyphenol Oxidase (PPO) which is responsible for oxidizing dihydroxy polyphenol, 

varied from clone to clone (Misra et al., 2016),  increases by abiotic stress; influence on 

Figure 6.23 Equation for the formation of TF & TR from EC.  
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Table 6.25 Black Tea quality in relation to fermentation 
 

Cultivar Temp °C % TF % TR(t) % Total phenol % Free radical scavenging 

activity 

PPO activities  QO2 μl/ 

mg 

T
V

1
 

26 1.84±0.11 18.70±1.11 26.15±1.12 99.49±2.52 15.85±1.23 

28 1.87±0.12 19.73±1.12 27.56±2.10 99.62±2.31 16.41±1.32 

30 1.57±0.14 18.28±1.32 24.99±2.12 98.68±2.12 16±1.52 

32 1.40±0.11 13.60±1.11 26.95±2.32 99.51±2.45 15.65±1.28 

T
V

2
0

 

26 1.60 ±0.10 17.93± 1.10 28.48±2.21 99.07±3.21 15.7±1.47 

28 1.68± 0.11 18.03± 1.11 28.47±2.20 99.02±2.87 16.1±1.24 

30 1.54 ±0.10 18.43±1.10 28.51±2.10 99.15±2.45 16.2±1.12 

32 1.30 ±0.11 17.01± 1.13 28.38±2.12 99.14±2.98 16.0±1.11 

T
V

2
6
 

26 1.26±0.11 15.28±1.10 22.88±2.23 99.71±3.45 13.82±1.21 

28 1.37± 0.12 16.82 ±1.11 22.61±2.36 99.84±1.87 13.25±1.32 

30 1.43± 0.13 18.03±1.12 22.73±2.54 99.74±1.69 13.47±1.36 

32 1.56±0.11 19.73 ±1.10 23.68±1.85 99.94±3.65 14.62±1.89 

T
V

2
9
 

26 1.50 ±0.10 17.93± 1.12 24.55±1.89 99.9±2.98 12.68±1.54 

28 1.69± 0.13 18.03 ±1.10 24.37±1.45 99.75±1.98 12.47±1.12 

30 1.98± 0.11 18.43± 1.12 24.41±1.78 99.81±1.59 12.53±1.10 
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Table 6.25 Black Tea quality in relation to fermentation 
 

Cultivar Temp °C % TF % TR(t) % Total phenol % Free radical scavenging 

activity 

PPO activities  QO2 μl/ 

mg 

32 2.35±0.11 17.01± 1.10 25.15±1.65 99.91±2.36 13.28±1.13 

T
V

3
0
 

26 1.22 ±0.98 13.97± 1.13 22.63±1.45 98.43±2.45 10.17±1.10 

28 1.48± 0.96 16.79±1.12 22.51±1.54 98.11±2.87 9.58±1.10 

30 1.79± 0.33 16.71± 1.10 22.45±1.35 98.68±3.65 10.1±1.10 

32 1.85±0.69 17.46±1.32 23.43±1.36 99.51±4.21 10.97±1.32 

D
a
n

g
ri

 M
a
n

ip
u

ri
 

26 1.52± 0.52 17.60 ±1.25 26.51±1.38 99.51±4.36 15.42±1.23 

28 1.66± 0.31 18.32± 1.12 26.78±1.34 99.72±4.96 15.51±1.32 

30 1.40± 0.36 18.07±1.14 25.69±1.12 99.62±4.25 15.39±1.20 

32 1.30± 0.36 18.01 ±1.25 26.31±1.10 99.15±4.29 15.22±1.25 

T
in

g
a
m

a
ra

 

26 1.57± 0.54 19.05 ±1.12 26.88±1.05 99.54±4.65 15.71±1.29 

28 1.78 ±0.24 20.87± 1.24 27.51±1.02 99.66±3.98 16.61±0.98 

30 1.43± 0.21 20.74± 1.12 26.38±1.19 99.38±3.25 16.01±0.95 
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Table 6.25 Black Tea quality in relation to fermentation 
 

Cultivar Temp °C % TF % TR(t) % Total phenol % Free radical scavenging 

activity 

PPO activities  QO2 μl/ 

mg 

32 1.34 ±0.36 17.15 ±1.10 27.68±1.65 99.71±3.18 16.51±0.96 

T
in

a
li

 1
7
 

26 1.51± 0.25 17.91±1.11 25.12±1.32 98.65±3.28 14.23±1.21 

28 1.70±0.36 18.00 ±1.15 25.18±1.45 98.56±3.87 14.58±1.24 

30 1.99 ±0.20 18.40±1.35 24.32±1.32 98.68±3.25 14.78±1.27 

32 2.34± 0.32 17.04 ± 1.25 25.92±1.36 99.51±3.47 15.03±1.36 

T
a
k

d
a
 7

, 
8
 

26 1.21 ±0.14 13.96 ± 1.58 24.32±1.96 98.65±3.69 14.25±1.28 

28 1.47± 0.36 16.78 ±1.27 25.36±1.42 98.65±3.12 15.01±1.10 

30 1.78 ±0.32 16.72 ±1.69 24.99±1.32 97.56±3.28 13.2±1.12 

32 1.86 ±0.18 17.44 ± 1.34 25.52±1.10 99.51±3.96 15.05±1.32 

B
/5

/6
3
 

26 1.52 ±0.14 17.58± 1.27 24.35±1.12 98.65±3.58 14.23±1.12 

28 1.64± 0.15 18.31± 1.32 25.28±1.16 99.75±3.24 15.21±1.11 

30 1.42± 0.13 18.09 ±1.32 24.65±1.10 98.68±3.21 15.1±1.10 

32 1.33 ±0.11 18.04 ±1.10 25.15±1.13 99.51±3.51 15.03±1.12 

All data are presented as the mean of three experiments; within columns (Mean ± SE) 
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pH, moisture contents of soil, P deficiency decreases PPO activity. The amount of H2O2 

produced is greater at pH 5.5, the optimum pH for PPO activity, as compared with pH 

4.5. Hence, an observed increase of theaflavins in black teas fermented at pH 4.5 appears 

to be due to lower turnover of formed theaflavins into thearubigins. It is also found that 

less moisture content in the soil increases the catechin content in tea. During processing, 

TF is reduced by rise of temperature which is important for brightness and briskness but 

effect on strength due to TR is not that significant. It will be possible if rise in 

temperature be regulated due to chemical reactions during fermentation. 

This equation in Figure 6.23, clearly shows that which are the factors affecting the 

formation and degradation of TF & TR are 

• Coupled Oxidation 

• Oxygen 

• pH 

• Catechin composition of green leaf 

• Temperature 

Air plays important role during withering in accumulation of desirable amino acids 

and is independent of the loss of moisture. High temperature of withering results in plain 

and soft liquor. Depending upon the environment optimum withering is achieved within 

12 to 14 hrs increasing the overall tea quality. Humidified hot air can reduce the 

fermentation time with no adverse effect on quality in cooler ambient temperature. Hot air 

without humidification is detrimental. Also it seems that the quality of cultivars varies 

with flushes. Earlier plants were grown under low fertiliser regime. Later certain sections 

of tea industry have gone for higher input with resultant impact on chemical constituents 

of tea shoots responsible for quality. All these factors influence the level of chemical 

constituents significantly. Hence many of the basic findings in the past may have to be 

revised. Despite excellent efforts, changes in different micro environments were not 

possible earlier due to lack of precise control of physical parameters. Different factors 

also affecting fermentation time like fineness of plucking, nature of cultivars, degree of 

withering or percentage of moisture in withered leaf, temperature, aeration, thickness of 

bed etc and catechin composition of the green leaf.  
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Table 6.26 TF, TR, HPS and TC of Tea drying at optimum temperature (FB) 

Tea Sample TF% TR% HPS TLC FI::TF:TR 

TV1 0.337±0.01 9.175±0.01 14.562±0.01 4.77±0.01 0.037 

TV20 0.268±0.03 7.352±0.02 11.250±0.20 3.89±0.02 0.036 

TV26 0.395±0.02 2.855±0.01 10.140±0.32 4.65±0.03 0.138 

TV29 0.285±0.01 6.520±0.01 22.235±0.41 5.73±0.01 0.044 

TV30 0.358±0.02 7.321±0.02 12.156±0.23 3.49±0.01 0.049 

Tingamara 0.289±0.03 7.754±0.05 13.895±0.15 4.21±0.02 0.037 

Dangri Manipuri 0.356±0.04 9.654±0.04 19.658±0.24 5.01±0.01 0.037 

Sundaram (B/5/63) 0.263±0.01 6.589±0.01 11.965±0.28 3.75±0.02 0.040 

Tinali17 0.402±0.02 9.602±0.2 14.456±0.39 4.62±0.01 0.042 

Takda 7,8 0.451±0.01 9.653±0.2 17.365±0.02 4.38±0.02 0.047 

All data are presented as the mean ± SE of three experiments. 
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The major quality attributes of tea are flavour, aroma, color and strength.  The TF and 

TR ratio are called flavour index and should be within 0.08 to 0.1 for a good quality tea. 

The TF:TR ratio is shown in Table 6.26. Low TF content in black tea might be due to 

over fermentation and/or long periods of storage (Yao et al., 2006). Similar observations 

were made by Masoud et al.(2006) on different manufactured black teas. The primary 

polyphenols are oxidized during the fermentation process and the oxidized polyphenols in 

black tea are responsible for briskness, strength, colour, taste and pungency of the black 

tea infusion (Figure 6.26). Among the different teas, obtained from TV26 was found to 

have a greater amount of VFC followed by TV30, Takda 7, 8, TV29, Tinali17, 

Sundaram(B/5/63), TV1, Dangrimanipuri, Tingamara and TV20  with 0.138 to 0.036% 

VFC respectively(Figure 6.24). The total liquor colour values of different tea infusions 

was found to have the highest in TV29  value of 5.73 and lowest in TV30 value of 3.49 

compared to other teas. Highly polymerized substances were found in TV29 and lowest in 

TV26, value was 22.24 and 10.14 respectively. As each tea was processed from different 

tea cultivars that were grown in various agro-climatic conditions, the difference in 

polyphenol content of these various teas is reasonable. 

 

Figure 6.24 Equation of formation of volatile flavouring compounds. 
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6.11 INDUSTRIAL PROCESSING CONTROL OF TEA 

In a nutshell the schematic diagram of conventional manufacture process can be 

represented in Figure 6.25 and 6.39a, b, c. No industry in North Bengal produced tea from 

specific cultivar because while plucking shoots (B+3L) from tea garden, labourer never 

plucked shoots from individual cultivar, always mixed up and after weighing, tea shoots 

are moving from garden to distance factory by trolley. During transportation withering 

starts and it takes nearly 4hrs. Therefore, study of industrial process control i.e. through 

what process, tea industry is actually following and what the quality attribute is restored 

from processed intermediate to final grade, has focused through this study. 

 

 

 

6.11.1 Biochemical changes during withering 

The effect of withering time on the level of biochemical and enzymological changes 

were studied in details with the blend of tea clone. Table 6.27 represented the changing 

biochemical and enzymological attributes on withering duration of CTC grade tea. 

Figure 6.25 Schematic diagram of conventional processing of three basic tea grades  
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Table 6.27  Biochemical changes associated with withering periods. 
  

Duration 

of 

withering 

(Hrs.) 

Total 

Polyphenol (%) 

Total Soluble 

salt (mg/G 

DW) 

Caffeine % Moisture % % of Freshness 

PPO (nmole 

Oxygen/G dry 

Weight) 

PO (Units/G dry 

Weight) 

After Fermentation 

TF 

(mg/G 

DW)  

TR 

(mg/G 

DW) 

0 24.28 ± 1.34 52.77 ± 3.76 3.56 ± 0.23 80.20 ± 4.86 100 ± 0.00 817.23 ± 23.44  19.78 ± 2.39  21.45 184.12 

6 22.75 ± 2.06 52.14 ± 4.11 3.60 ± 0.34 76.23 ± 3.98 85.13 ± 2.34 950.67 ± 34.56 20.92 ± 1.89 20.48 189.56 

8 23.19 ± 1.96 51.93 ± 3.26 3.72 ± 0.54 73.17 ± 3.76 80.25 ± 3.14 1423.54 ± 45.67 20.79 ± 2.02 20.33 190.34 

10 22.90 ± 2.56 51.98 ± 2.07 3.78 ± 0.67 72.60 ± 4.45 75.11 ± 2.23 1859.67 ± 40.49 22.67 ± 2.45 26.96 200.08 

12 22,95 ± 1.81 52.05 ± 1.87 3.82 ± 0.47 72.52 ± 3.98 73.08 ± 3.88 1855.73 ± 33.47 23.24 ± 3.87 28.79 208.77 

14 23.28 ± 1.76 52.09 ± 2.76 3.98 ± 0.55 72.13 ± 4.08 72.75 ± 3.98 1552. 34 ± 46.98 23.99 ± 4.05 22.96 199.78 

16 22.11 ± 2.34 51.10 ± 1.89 3.52 ± 0.34 71.32 ± 5.56 60.12 ± 4.06 1424.36 ± 41.22 24.11 ± 3.89 19.47 188.45 

18 22.08 ± 2.11 51.35 ± 2.87 3.47 ± 0.28 71.34 ± 3.78 60.52 ± 3.45 1102.93 ± 38.76 24.96 ± 5.97 19.39 185.96 

20 21.91 ± 2.45 51.57 ± 1.67 3.34 ± 0.45 71.18 ± 4.56 60.78 ± 3.44 1010.56 ± 53.56 27.23 ± 6.07 18.28 179.79 

All data are presented as the mean ± SE of three experiments 
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Variation of total polyphenols, total soluble salt and caffeine levels were not much 

significant, but have profound effect on enzyme level particularly PPO and PO. PPO 

level increased steadily upto 10 to 12 hours of withering, thereafter its activity falls 

significantly. In case of Peroxidase (PO) activity, steady increase was maintained upto 

20 hours of withering time. As a result of active PPO, TF and TR was enhanced upto 14 

to 16 hours duration of withering and might change the testing and antioxidant quality 

of made CTC tea preapred in Terai, Dooars and Darjeeling region of North Bengal. 

 

 

Biochemical changes associated with withering might play a pivotal role for 

determining different quality aspects of tea. Generally withering was practiced for 15-16 

hours with the fresh green plucked shoots for achieving the required physical condition of 

tea shoots. From physiological viewpoint, during withering period respiration of plucked 

tea shoots continues as a result of which shoot loses partial moisture  transformation in 

the chemical composition of shoots by the catabolic processes (Bhuyan et al., 2012). 

6.11.2 Changes of Catechin level during withering 

Temperature affects the rate of respiration and therefore chemical changes inside shoots. 

Figure 6.26 TF%, TR% and TLC Variation of different Tea Samples  
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Figure 6.27 TLC profile of different grades of CTC tea and their industrial intermediates

Abbreviations: FL: Fresh Leaf; H8: Eight hours after harvest; WI: Withering; CD: Cutting and disruption; RO: Rolling;

FER: Fermentation; HT: Heating and drying; BOP, OF and PD are different grades of CTC tea.
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During withering, the effect of temperature on catechin content was studied where four 

different temperatures were taken viz. 25, 30, 35 and 40°C. As the higher temperature 

affects moisture loss, higher temperature during withering causes substantial degradation 

of catechin and therefore might be detrimental to tea quality. In case of individual 

catechins, good quantity of ECG was obtained upto 35°C, but EGCG was very much 

susceptible during thermal withering. Total and individual catechins associated with 

temperature variation was shown in Table 6.28. 

6.11.3 Changes of Flavin level during withering 

Also the level of flavins were studied under same conditions of moisture and temperature 

(Table 6.30). Temperature and end moisture level of withered leaves of tea has profound 

influence on CTC grade made tea quality. Distinct variation in the quality of black tea 

was observed at different temperature and moisture level. Optimal enhancement of 

theaflavin and thearubigin was observed at 30°C and 70-75% moisture level. Beyond this 

temperature, both theaflavins and thearubigins reduced drastically indicating the 

deterioration of briskness of tea. 

6.11.4 Changes of antioxidants during withering 

Free radical scavenging activites are also widely varied with temperature and moisture 

level (Table 6.29). Optimum antioxidant activity in terms of DPPH and ABTS
+
 radical 

scavenging capacity was observed at 30ºC with 73% moisture level. But the 

phytochelation potential was restored upto the stage of 35ºC  temperature. Therefore 

higher temperature is not only detrimental for taste of tea, but also for antioxidant 

molecules present in the tea extract. 

6.12 Biochemical changes during processing intermediates of CTC and orthodox tea 

Despite the increasing interest on the antioxidant potential of different types of final tea 

products, limited information is available on antioxidant capacity and phytochemical 

quality of different industrial intermediate processed product of black and orthodox tea. 

Until and unless these products are properly assessed, determination of physico-chemical 

feasibility for appropriate restoration of antioxidant quality would be impossible. 
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Table 6.28 Catechin content under different withering condition 

Temperature 

treatments (°C) 
Moisture level 

Catechin (Percentage on dry weight basis) [Mean ± SD]  

EGCG ECG Total catechins 

25°C 78 ± 2 11.43 ± 2.11 4.67 ± 0.98 20.55 ± 1.87 

30°C 73 ± 5 10.78 ± 3.34 3.99 ± 0.78 19.59 ± 2.13 

35°C 69 ± 4 10.13 ± 1.12 3.23 ± 0.69 17.66 ± 3.34 

40°C 63 ± 3 08.46 ± 2.31 2.56 ± 0.87 14.18 ± 2.91 

Table 6.29 Antioxidant activities of tea extracts under different withering condition 

Temperature 

treatments (°C) 
Moisture level 

Antioxidant activity [Mean ± SE of Estimates]  

DPPH ( IC50) ABTS
+
( IC50) 

Metal Chelation  EDTA 

Eq.(mM) 

25°C 78 ± 2 116.54 ± 6.18 298.76 ± 7.82 0.19 ± 0.05 

30°C 73 ± 5 98.67 ± 7.83 202.67 ± 5.69 0.28 ± 0.09 

35°C 69 ± 4 151.39 ± 5.37 259.34± 4.35 0.29 ± 0.11 

40°C 63 ± 3 202.45 ± 4.84 378.46 ± 6.65 0.15 ± 0.07 

[Type a quote from the document or the summary of 

an interesting point. You can position the text box 

anywhere in the document. Use the Text Box Tools 

tab to change the formatting of the pull quote text 

box.] 

All data are presented as the mean ± SE of three experiments 

 

All data are presented as the mean ± SE of three experiments 
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All data are presented as the mean ± SE of three experiments 

Table 6.31 Free radical scavenging activities under different intermediate processing of CTC tea 

Antioxidant attributes: 

Scavenging of Free 

radicals 

Units 

Intermediate Products of CTC tea processing 

Fresh Green 

Leaves 

Withering 

(14-18 hrs) 

Crush-Tear-

Curl (30 sec) 

Fermentation 

(54 min) 

Drying 

(20 min) 

DPPH IC50 55.63±4.83  118.07±3.32 126.12±4.98 184.35±3.87 133.83±5.51 

ABTS
+
 IC50 118.29±12.4 4 287.65±9.13 245.67±13.22 398.55±12.43 339.46±8.74 

Superoxide I%  15.16±2.18 25.40±3.34 21.27±3.92 25.43±2.88 14.29±4.16 

Nitric Oxide I%  14.29±0.34 21.43±1.22 32.14±1.02 25.01±0.78 35.74±1.43 

Hydroxyl I%  18.18±0.66 09.06±0.28 27.29±0.39 63.49±1.23 64.79±0.98 

Metal Chelation EDTA Eq.(mM) 0.230±0.03 0.090±0.01 0.170±0.04 0.310±0.06 0.280±0.08 
         All data are presented as the mean ± SE of three experiment

Table 6.30 Tea flavin content under different withering condition 

Temperature 

treatments (°C) 
Moisture level 

Tea flavonoids (mg/ G DW) [Mean ± SD] 

Theaflavin Thearubigin Flavour Index 

25°C 78 ± 2 22.86 ± 1.11 261.87 ± 5.78 0.087 

30°C 73 ± 5 23.95 ± 2.83 248.23 ± 6.41 0.096 

35°C 69 ± 4 21.19 ± 2.31 209.77± 4.69 0.101 

40°C 63 ± 3 19.51 ± 1.85 178.56 ± 3.67 0.109 
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Concerning the antioxidative and anti-oncogenic activities of tea, some researchers 

reported that tea antioxidants specifically target to scavenge hydrogen peroxide and 

superoxide, by this way tea extracts can effectively prevent oxygen radical and hydrogen 

peroxide induced cytotoxicity and inhibition of intercellular communication in cell 

culture (Ruch et al., 1989). Antioxidant activities in terms of scavenging of DPPH, 

ABTS
+
, superoxide and nitric oxide radical can be effectively measured by their 

hydrogen donating ability. The antioxidant properties of blended CTC tea processing 

intermediates that were assessed were represented in Table 9. For the said purpose, 

continuous study on CTC tea manufacturing at different season was conducted at Phuguri 

TE, New Chamta TE and Bngracote TE with the following objectives: 

1. Free-radical scavenging behaviour of plucked green leaf and 

processing intermediates 

2. Quantification of phytochemical constituents and bioactive substances 

of tea responsible for free-radical scavenging property. 

6.12.1 Assessment of antioxidant activity 

Since no single measurement of free-radical scavenging status is sufficient, a „battery‟ of 

different radicals, working on different principles was employed. The DPPH and ABTS 

assay was indirect assessment that simply determines the capacity of both of the radicals 

to abstract a hydrogen atoms or electrons under study (Prior et al., 2005). Both of the 

methods are reproducible and can be used to evaluate the antioxidant property of different 

food products (Re et al, 1999). During CTC tea production, both of these radicals 

drastically reduced during Crush-Tear-Curl of thirty seconds duration followed by 56 

minutes oxidation. Almost same fate was happened in case of superoxide, nitric oxide and 

hydroxyl radical scavenging behaviour. However, metal chelating activity was 

significantly induced after Crush-Tear and Curl. Though during drying antioxidant 

activities were enhanced, but the chelation activity was reduced indicating that the 

process is inversely related with other radical scavengers. 

In case of Orthodox tea manufacturing process, rolling in orthodox roller for 15 minutes 

practically restores the antioxidant quality to a great extent. Therefore, during 
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fermentation and drying, free-radical scavenging property was much higher particularly 

in case of DPPH and ABTS radicals, as indicated in Table 6.31 by low IC50 values of 

Orthodox tea processing intermediates, when compared with CTC tea. 

6.12.2 Assessment of phytochemical composition 

Phytochemical composition of different intermediate product of CTC and Orthodox tea 

processing intermediates were represented in Table 6.32 and 6.33 respectively. In Table 

32 and 33, total phenols and total flavonoids of CTC and Orthodox tea intermediates are 

represented with mM concentrations of gallic acid and catechin equivalent respectively. 

When the data of intermediate processed products were compared, it is clear that crush-

tear-curl process rapidly destroyed much of total phenol and flavonoids which might have 

significant impact on overall quality and antioxidant activity of made tea. This is in 

agreement with earlier authors (Astill et al., 2001), who obtained lower total catechin 

level in CTC-manufactured black tea compared with Orthodox tea on a batch of leaves of 

same cultivars of Assam Tea Estate.  It is well known that CTC processing method 

involves a more rapid and severe leaf disruption as a result of which smaller fragments 

are produced and greater surface area was occupied by polyphenol oxidase enzymatic 

oxidation (Carloni et al., 2013). This leads to higher degree of fermentation and converts 

the catechin into theaflavin and thearubigin in CTC tea, thereby deteriorating the 

antioxidant quality of tea. Parallel to this, hydrolysable tannins are enhanced much higher 

fold in CTC tea during Crush-Tear-Curl followed by fermentation, when compared with 

Orthodox process, giving adequate impact on tea quality and antioxidant attributes. 

6.13 VARIATION OF ANTIOXIDANTS AND PHYTOCHEMICALS IN 

DIFFERENT GRADES OF CTC TEA 

Free radical scavenging activities of different grades of CTC tea mainly produced in 

different tea gardens of Terai, Dooars and Darjeeling hills region of North Bengal was 

compared in details and represented in Table 34. Among different tea grades, OF, PD and 

Dust were proved to be more potential regarding in vitro scavenging of free radicals like 

DPPH and ABTS
+
. However there were no significant differences in superoxide 

scavenging activities among different tea grades and in fact no CTC tea grade taken under 
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study could effectively inhibit superoxide radicals in vitro. Nitric oxide scavenging 

potential was proved to be highest in BOP(SM) and OF whereas the hydroxyl radicals 

could be effectively scavenged by BP and BOP(SM). Metal chelation activity compared 

with EDTA chelation equivalent in mM concentration was found to be highest in tea dust.  

As I already stated that curl-tear-crushing process could effectively reduce the free-

radical scavenging potential by enhancing the oxidation steps during fermentation, still 

difference in different grades of CTC tea could be effective in scavenging of versatile 

group of free radicals. This might be due to existence of high quantity of polyphenols in 

black tea (Erol et al., 2009) which might contribute in scavenging free radicals because of 

their structural chemistry.  Previous studies also indicated that the black tea polyphenols 

particularly theaflavin present in different grades of CTC tea bear significant correlation 

with the free-radical scavenging properties (Fernando and Soysa, 2015). Phytochemical 

composition of different grades of CTC tea were also compared in details and represented 

in Table 6.35. It was observed that different simple and complex polyphenols were 

accumulated in much higher amount in OF and Dust including flavonoids and highly 

polymerized substances. From Table 6.36, it was also clear that they were more efficient 

in scavenging of different free radicals. This might be due to higher polymerization of 

flavonoids with oxidation process and oxy-polymers could improve the antioxidant 

activity (Chen et al., 2012). 

6.14 CHANGES OF ANTIOXIDANTS AND FLAVONOIDS QUALITY OF CTC 

TEA WITH FERMENTATION TIME 

After Crush-Tear-Curl, blend of cultivar were allowed for fermentation from 30 to 70 

minutes time variation. The effect of changing antioxidants and Theaflavin/Thearubigin 

quantity with fermentation time was represented in Table 6.37 and 6.38 respectively. 

When the antioxidant activities of CTC tea was measured after different fermentation 

time, it was observed that the scavenging capacity of stable free radicals like DPPH and 

ABTS
+
 was most efficient after 60 minutes fermentation time. From 30 to 60 minutes 

variation, the scavenging capacity was gradually increased whereas, after one hour 

duration of fermentation, scavenging potency was drastically deteriorated.
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Table 6.32 Free radical scavenging activities under different intermediate processing of Orthodox tea 

Antioxidant attribute 

Scavenging of  free 

radicals 

Units 

Intermediate Products of Orthodox tea processing 

Fresh Green 

Leaves 

Withering 

(14-18 hrs) 

Rolling 

(15 min) 

Fermentation 

(54 min) 

Drying 

(20 min) 

DPPH IC50 58.94±3.24 112.98±4.59 89.73±2.34 59.78±3.94 49.78±5.67 

ABTS
+
 IC50 121.56±2.11 299.76±3.86 185.67±4.31 199.43±5.44 205.88±3.22 

Superoxide I% 18.29±1.12 23.45±2.15 28.88±1.28 22.75±2.11 20.88±0.98 

Nitric Oxide I% 17.77±0.93 20.97±0.78 30.97±0.75 24.78±0.69 29.79±0.78 

Hydroxyl I% 20.67±0.92 10.44±0.89 38.78±0.85 43.98±1.32 49.09±1.22 

Metal Chelation EDTA Eq.(mM) 0.180±0.05 0.230±0.05 0.380±0.05 0.39±0.08 0.45±0.04 

All data are presented as the mean ± SE of three experiments 

      

  Table 6.33 Phytochemical composition under different intermediate processing of CTC tea 

Phytochemical 

attributes: 

Phytochemical 

composition 

 

Units 

Intermediate Products of CTC tea processing 

Fresh Green 

Leaves 

Withering 

(14-18 hrs) 

Crush-Tear-

Curl (30 sec) 

Fermentation 

(54 min) 

Drying 

(20 min) 

Total Phenol 
mM Gallic acid 

Eqv. 
24.99±1.84 17.41±1.99 4.69±0.89 11.10±1.34 9.01±1.56 

Ortho-dihydric 

Phenol 

% Dry Weight 0.19±0.04 0.08±0.06 0.06±0.03 0.07±0.07 0.04±0.08 

Flavonoids mM Catechin 

Eqv. 

10.68±0.45 8.24±0.98 4.75±0.76 5.79±0.73 5.44±0.45 

Hydrolysable tannin % Dry Weight 26.01±1.34 17.34±1.25 16.34±1.78 24.89±0.44 23.34±2.02 

Quinone % Dry Weight 0.17±0.02 0.15±0.06 0.13±0.08 0.18±0.04 0.13±0.05 

    All All data are presented as the mean ± SE of three experiments 
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Table 6.34: Phytochemical composition under different intermediate processing of Orthodox tea 

Phytochemical 

attributes 
Units 

 Intermediate Products of Orthodox tea processing 

Fresh Green 

Leaves 

Withering 

(14-18 hrs) 

Rolling  

(15 min) 

Fermentation 

(54 min) 

Drying 

(20 min) 

Total Phenol 
mM Gallic acid 

Eqv. 
28.75±1.56 19.44±2.37 15.67±1.56 17.68±1.11 14.89±0.72 

Ortho-dihydric 

Phenol 

% Dry Weight 0.22±0.05 0.12±0.08 0.11±0.06 0.16±0.03 0.14±0.04 

Flavonoids mM Catechin 

Eqv. 

11.26±0.49 9.78±1.02 10.28±0.59 10.45±0.93 9.04±0.78 

Hydrolysable 

tannin 

% Dry Weight 22.45±1.78 18.76±1.59 14.34±2.11 8.79±0.93 18.91±0.76 

Quinone % Dry Weight  0.18±0.05 0.14±0.09 0.16±0.08 0.11±0.04 0.15±0.06 
All data are presented as the mean ± SE of three experiments 

 

Table 6.35: Free radical scavenging activities of different grades of CTC tea 

Antioxidant 

attributes: 

Scavenging of Free 

radicals 

Units 

Different grades of CTC tea 

BP BOP(SM) OF PD Dust 

DPPH IC50 137.33±33.45 176.58±21.56 129.78±11.76 188.31±11.25 180.51±24.56 

ABTS
+
 IC50 468.79±21.22 288.72±32.67 212.39±12.87 228.44±13.45 198.56±10.92 

Superoxide I%  14.29±1.56 15.48±1.87 14.37±0.98 11.59±0.78 9.13±0.55 

Nitric Oxide I%  7.14±0.34 26.22±1.02 25.20±1.34 3.56±0.87 22.99±2.13 

Hydroxyl I%  69.87±1.44 63.68±1.56 54.55±1.88 61.28±2.13 72.33±1.79 

Metal Chelation EDTA 

Eq.(mM) 

0.38±0.07 0.29±0.12 0.19±0.06 0.33±0.03 0.38±0.11 

All data are presented as the mean ± SE of three experiments 
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Table 6.36 Phytochemical composition of different grades of CTC tea 

Phytochemical 

attributes: 

 

Units 

Different grades of CTC tea  

BP BOP(SM) OF PD Dust 

Total Phenol mM Gallic acid Eqv. 10.89±2.67 8.67±1.87 16.56±2.45 9.78±1.91 11.45±1.34 

Ortho-dihydric 

Phenol 

% Dry Weight 0.18±0.05 0.15±0.07 0.17±0.08 0.09±0.01 0.23±0.11 

Flavonoids mM Catechin Eqv. 6.72±0.23 7.76±0.38 4.82±0.19 8.91±0.28 3.21±0.27 

Hydrolysable tannin % Dry Weight 19.25±1.12 17.56±1.61 18.74±1.92 15.43±1.34 26.78±1.29 

Quinone % Dry Weight  0.19±0.05 0.18±0.08 0.22±0.05 0.16±0.06 0.17±0.04 

Theaflavin % Dry Weight 0.296±0.09 0.377±0.03 2.493±0.05 2.254±0.01 2.99±0.05 

Highly Polymerized 

Substances  
% Dry Weight 16.65±1.53 14.98±1.93 18.25±1.43 15.95±2.11 17.63±1.59 

Total Colour  TLC 6.87±0.02 5.02±0.02 5.12±0.03 5.29±0.07 
9.07±0.06 

 
All data are presented as the mean ± SE of three experiments 
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Table 6.37 Antioxidant activities under different Fermentation Temperature of CTC Tea ( Blend of many cultivar) 

All data are presented as the mean ± SE of three experiments 

 

 

 

Table 6.38: Tea flavin content under different Fermentation Temperature of CTC Tea ( Blend of many cultivar) 

All data are presented as the mean ± SE of three experiments 

Fermentation Temperature 

(º C) 

Antioxidant activity [Mean ± SE of Estimates] 

DPPH ( IC50) ABTS
+
( IC50) 

Metal Chelation  EDTA 

Eq.(mM) 

25 208.78±1.25 416.79±2.22 0.25±0.02 

30 178.28±2.31 402.86±2.63 0.33±0.01 

35 184.88±2.29 378.43±1.09 0.39±0.02 

40 253.46±2.24 612.96±3.10 0.48±0.03 

Fermentation Temperature 

(ºC) 

Tea flavonoids (mg/G DW) [Mean ± SD]  

Theaflavin (%) Thearubigin (%) Flavour Index=TF/TR 

25 1.73 13.43 0.129 

30 1.68 15.38 0.109 

35 1.89 16.44 0.115 

40 1.54 11.81 0.130 
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 Interestingly metal chelation activity in terms of EDTA equivalent was maximized after 

70 minutes fermentation. Our result indicates that more fermentation time was required 

for effective accumulation of chelating agents in tea probably due to breakdown of 

complex polymers from the cell wall of tea. Somehow oxidized phenolics might perform 

better chelating agents than normal phenolics during CTC tea preparation. However 

Theaflavin content was shown to be highest after 50 minutes fermentation and after one 

hour, the content was reduced. Thearubigin content on the other hand, was accumulated 

highest after 1 hour fermentation. Flavour Index, defined as the quotient of these two 

important flavins, was shown to be highest at 50 minutes fermentation time. Therefore, 

restoring flavour quality along with antioxidant potential of tea could only be possible if 

the fermentation time was selected in between 50 to 60 minutes. In most of the tea 

industries of Dooars region of North Bengal, fermentation time was selected in between 

55 to 60 minutes duration for preparation of CTC tea. However tea quality and 

antioxidant potency might vary with flushes and plucking quality of tea along with the 

choice of cultivars for blending purposes. 

6.15 VARIATION OF PROFILE OF UV RESPONSIVE SUBSTANCES DURING 

INDUSTRIAL PROCESSING OF CTC TEA 

Tea contain versatile group of bioactive polyphenols including different forms of 

catechins. When the tea leaves are fresh, catechin content can be up to 30% of its dry 

weight. Oxidative preparation in CTC black and Orthodox tea destroys the level of 

catechin and theaflavins are regenerated. Tea also contains theophylline, theobromine and 

caffeine and the final biochemical profile of these compounds depend on industrial 

processing. Although different flavonoids from tea extracts are resolved better in HPLC; 

TLC or rather HPTLC is common or routine analysis for separation of different 

components from tea sample. Here we separated different flavonoids of tea by ready 

prepared TLC plates (Merck, Germany) with automated sample application device and by 

standardized mobile phase acetone-chloroform-water:: 80: 20: 10. Chromatograms of 

TLC were obtained after application of Natural Product (NP) and Polyethylene Glycol 
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(PEG) reagent and detection was made at UV 365nm (Figure 6.27). Typical fluorescence 

colour at UV 365 nm was produced after spraying the developer reagent. Different 

flavonols like quercetin, myricetin and their glycosides would appear as orange-yellow 

colour, Kaempherol as yellow-green and different flavones as orange colour. Various 

flavonoids of tea processing intermediates were detected by standard markers. From 

apparent observation, it was clear that Rutin and their glycosides reduced with industrial 

processing of black tea. After withering and Crush-Tear-Curl process, Catechin content 

significantly reduced as reflected from TLC chromatogram. Theaflavin was appeared 

only as black bands only after Crush-Tear-Curl i.e. cutting and disruption process as 

represented in TLC plates. Besides catechin and theaflavin, Kaempherol (yellow-green) 

and Myricetin (blue) bands were also appeared in different CTC processing intermediates. 

Earlier studies also confirmed the greatest existence of rutin in black tea (Magdalena et 

al., 2008). Our results are in agreement with other studies that the level of catechins 

destroyed immediately by oxidation process during industrial processing. However the 

existence of different flavonoids could not be ignored and that explains the 

pharmacological and biological activity of black tea extracts. Our results also confirmed 

that TLC can also be efficaciously used for rapid analysis of different tea grades and their 

processing intermediates during quality control like other pharmaceutical and food 

products for evaluation of nutraceuticals and other value-added products 

6.16 COMPARATIVE ANALYSIS OF ANTIOXIDANTS AND BIOACTIVE 

COMPOUNDS OF THREE BASIC TEA PRODUCTS 

Three basic types of tea namely green, orthodox and CTC are widely popular beverage in 

India. Tea is also receiving continual interest due to versatile beneficial health effects 

associated with its regular consumption. In CTC and Orthodox tea, fermentation consists 

of enzymatic oxidation by polyphenol oxidases and peroxidases which convert colourless 

flavones into theaflavins and thearubigins, responsible for characteristic colour and aroma 

of black and CTC tea (Obanda et al., 2004).  Oxidation process is accelerated by 

rupturing the withered tea leaves by using orthodox rollers or mechanical crushing 

followed by disruption, therefore released oxidases could be more rapidly react with 

oxygen. 
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Table 6.39 Comparative analysis of antioxidants and phytochemicals of three basic tea qualities produced at Terai and Dooars region 

and Darjeeling Hills 

Phytochemical & 

antioxidant attributes: 
Units 

Different types of tea  

Green CTC Black Orthodox 

Total Phenol mM GA Eqv. 23.61±5.4 10.76±4.3 14.92±5.9 

Ortho-dihydric Phenol % Dry Weight 0.43±0.11 0.28±0.16 0.38±0.14 

Flavonoids 

 
mM Catechin Eqv. 7.53±0.34 4.23±0.25 6.67±0.93 

ECG  mg/G 15.12±1.23 3.04±1.01 18.35±1.77 

EGCG  mg/G 48.43±2.34 0.98±0.26 41.04±2.45 

Total Catechin % Dry weight 19.48±1.34 2.31±1.92 16.81±1.73 

DPPH  IC50 31.08±2.35 71.24±1.93 44.98±2.11 

ABTS
+
  IC50 162.54±5.67 235.48±9.89 195.88±7.81 

Metal Chelation mM EDTA Eqv. 0.21±0.020 0.27±0.06 0.48±0.08 

All data are presented as the mean ± SE of three experiments
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 On the other hand, in case of unfermented teas like green tea, fermentation was 

prevented by the inactivation of endogenous enzymes through pressure mediated 

steaming or heating. Due to restriction in fermentation process, total and ortho-dihydric 

phenols, flavonoids along with different catechin species were highly abundant in green 

tea as observed from Table 6.39. Orthodox tea also contains sufficient quantity of these 

polyphenols due to limited oxidation process. Although the result shows small differences 

in antioxidant activity among different types of tea, a general trend can be delineated: 

Green tea > Orthodox tea > CTC tea. This indicates that the manufacturing process might 

have serious influence on the manufacturing process of tea. Our observation is in 

agreement with previous authors who stated that green tea was much enriched with 

several groups of polyphenols and catechin species, but the content of phenols were 

drastically reduced in black tea due to oxidation process (Carloni et al., 2013). 

Fermentation process reduces the level of catechin species in CTC tea as they are 

converted to theaflavin and thearubigins (Baruah and Mahanta, 2003). From our study it 

can be affirmed that orthodox tea have a more potent antioxidant activity as compared to 

other CTC teas besides enhanced colour and aroma.  However in our study, metal 

chelation requires separate discussion. Performance of metal chelation activity was lowest 

in green tea and the same was profound in orthodox teas. However, this didn‟t appear to 

be unusual and Lin et al. (2008) also observed the same phenomenon. In this case 

theaflavin might contribute to metal chelation activity along with specific group of 

catechins as revealed from Table 19. Though EGCG was observed to be highest in green 

tea, we found more ECG in Orthodox tea, when compared with green and CTC tea. It 

might happen that the metal chelation activity might be contributed by some new 

components other than catechins, where adjacent hydroxyl and carbonyl groups might 

play an important role in metal chelation. 

6.17 PRINCIPLE COMPONENTS ANALYSIS AND CLUSTER HEAT MAP 

ANALYSIS 

PCA statistically explains the covariance organization of a set of variables and is used 

mainly to dimensionally condense the multiple features to two or three dimensions.  
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In general, it indicates the main directions in which the data varies and summarizes the 

variation of correlated multi-attributes with respect to uncorrelated components set. 

The Cluster heat map analysis: The heat map is a graphical illustration of data. It 

was first designed & coined by Cormac Kinney in 1991. In heat map the individual values 

are represented as colors. In this case, the rows (columns) of the tiling are ordered in such 

a way that the similar rows (columns) are nearer to each other. On the other hand, 

hierarchical cluster trees were on the vertical and horizontal margins of the tiling

Figure: 6.28 Plotting (PC1× PC2) of scores and loadings for the PCA of soil 

physicochemical properties, phytoconstituents and antioxidant attributes of Tea Garden 

of Dooars. 
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Figure 6.29 Dendrogram for Dooars tea (collected three main seasons) depicted relation among edaphic factors, age of the bush, phytoconstituents and 

antioxidant activity. Deep blue colour showing attributes with high impact.   

[ABBREVIATIONS USED (Horizontal):OH: Hydroxyl radical scavenging; MC: Metal Chelating; FLAV: Flavonol content; ABTS: ABTS radical 

scavenging ; pH: Soil pH; SO: Superoxide radical scavenging; ECG: Epicatechin Gallate; EGCG: Epigallocatechin Gallate; QUIN: Quinone; EC: 

Soil electrical conductivity; MC%= Soil moisture content; Cl: Soil chloride; FI: Flavour Index: Av. K: Soil available potassium; CLAY: Soil clay 

fraction; SILT: Soil silt fraction; NO: Nitric oxide radical scavenging; Av. N: Soil available Nitrogen; OM: Soil organic matter; OC: Soil organic 

carbon; SAND: Soil sand fraction; Av. S: Soil available sulphur; DPPH: DPPH radical scavenging; ALP: Anti-lipid peroxidation activity]  

 

ABBREVIATIONS USED 

(Vertical): 

20, 30, 40 and 50 at the back 

of parenthesis indicates age of the 

bush in year; 

Ind: Indong Tea Estate; 

Nag: Nagracata Tea Estate; 

Bin: Binnaguri Tea Estate; 

Deb: Debpara Tea Estate; 

Ghat: Ghatia Tea Estate; 

Sams: Samsing Tea Estate; 

 



185 

  

6.17.1 PCA with relation to edaphic factors 

To understand more about the relationship between soil physicochemical profile 

phytoconstituents, antioxidant attributes and age of the plantation, PCA was performed 

with each region of North Bengal. The twenty eight principal components were chosen on 

the basis of their eigenvalues, explaining the total data variance for Dooars, Terai and 

Darjeeling hill. In almost all cases composite soil physicochemical attributes were heavily 

loaded on the second principle component (PC2) and clustered as evidenced by the 

Dendro-hit map. In case of Dooars (Figure 6.28 & 6.29) metal chelating activity and anti-

lipid peroxidation were clustered in opposite co-ordinate which indicated that these 

antioxidant attributes were controlled by soil nutrients, but potassium level and free 

radical scavenging attributes were loaded on PC1 and were clustered in opposite domain 

indicating that enhancement of soil potassium level is important for reducing IC50 values 

of these scavenging components. Similar observations were also found by Wu et al., 

(2013) in Zizyphus jujuba who stated that potassium supplementation improved the 

accumulation of bioactive phenolics and strengthened antioxidant activity. In case of all 

six garden of Dooars, the PCA graphs shows that soil sulphur and phosphorus  level was 

placed very nearly to DPPH and ALP, both of which were loaded on PC2, indicating that 

soil sulphur and phosphorus  actually increased IC50 values or otherwise interfere the 

activity of scavenging DPPH and ALP free radicals. Soil nitrogen, organic carbon and 

organic matter were clustered together, but these attributes are not so much significant 

contributors of antioxidant activity as revealed from PCA. In Lebisia pumila, 

enhancement of nitrate content through organic fertilizer application in soil improved 

secondary metabolites production and antioxidant activity (Ibrahim et al., 2013). 

Different attributes were significantly correlated with other at P < 0.01 level i.e. silt 

(0.718), pH (0.875), P (0.615), Cl
-
 (0.858), TP (0.776), Flav (0.923), Q (0.666), T (0.865), 

DPPH (0.536), SO (0.576), ABTS (0.520) and MC (0.777). 

In case of Terai(Figure 6.30 &6.31), first principle components (PC1) i.e. soil K, 

moisture, EC and organic nitrogen clustered with metal chelating ability and for PC2 as 

evidenced by dendr-hit map; ABTS, ALP, SO, NO,  DPPH (IC50) clustered with the 

available soil sulphur and phosphorus. Different attributes were significantly correlated 
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Figure 6.30 Plotting (PC1×PC2) of scores and loadings for the PCA of soil 

physicochemical properties, phytoconstituents and antioxidant attributes of Tea Garden 

of Terai.  

 

each other i.e. clay fraction (0.778), EC (0.618), N (0.777), S (0.748) P (0.514), FI 

(0.918), TP (0.687) DPPH (0.794), NO (0.913), ALP (0.717) and MC (0.665) at P < 0.01 

level. 

 

In case of Darjeeling hills (Figure 6.32 &6.33), in PC1, soil available nitrogen, 

potash, phosphorous, EC and  in tea EGCG  were clustered with ALP and ABTS and for 

PC2, soil available sulphur, pH, MC%  were clustered with tea phytochemical attributes 

like TP, FI, ECG and antioxidant attributes like SO and ABTS. 
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ABBREVIATIONS USED (Vertical): 

20, 30, 40 and 50 at the back of parenthesis indicates 

age of the bush in year; 

Pahar: Pahargunia Tea Estate; 

Gaya: Gayaganga Tea Estate; 

Chum: New Chumta Tea Estate; 

Hans: Hansqua Tea Estate; 

Saye: Sayedabad Tea Estate; 

Moth: Mothidhar Tea Estate 

Figure 6.31 Dendrogram for Terai  tea (collected three main seasons) depicted relation among edaphic factors, age of the bush,  phytoconstituents and 

antioxidant activity. Deep green colour showing attributes with high impact.   

[ABBREVIATIONS USED (Horizontal):OH: Hydroxyl radical scavenging; MC: Metal Chelating; FLAV: Flavonol content; ABTS: ABTS radical scavenging 

; pH: Soil pH; SO: Superoxide radical scavenging; ECG: Epicatechin Gallate; EGCG: Epigallocatechin Gallate; QUIN: Quinone; EC: Soil electrical 

conductivity; MC%= Soil moisture content; Cl: Soil chloride; FI: Flavour Index: Av. K: Soil available potassium; CLAY: Soil clay fraction; SILT: Soil silt 

fraction; NO: Nitric oxide radical scavenging; Av. N: Soil available Nitrogen; OM: Soil organic matter; OC: Soil organic carbon; SAND: Soil sand fraction; Av. 

S: Soil available sulphur; DPPH: DPPH radical scavenging; ALP: Anti-lipid peroxidation activity]  
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Following attributes were highly correlated with clay (0.812), sand (0.818), silt fraction 

(0.974), K (0.932), S (0.999), MC of soil (0.671), TP (0.853), tannins (0.912), DPPH 

(0.624), ABTS (0.661) and MC (0.633) at P<0.01 level. 

Thus it can be stated that soil nutrient profile particularly NPK and sulphur has 

changed with age variation which ultimately influence the accumulation of bioactive 

secondary metabolites and antioxidants in natural vegetation. So, for elicitation of 

bioactive metabolites and high quality nutraceuticals in tea of Dooars, Terai and 

Darjeeling hills, application of NPK is required for improving cultivation techniques.

Figure: 6.32 Plotting (PC1 × PC2) of scores and loadings for the PCA of soil 

physicochemical properties, phytoconstituents and antioxidant attributes of Tea 

Garden of Darjeeling hills.  
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ABBREVIATIONS USED (Vertical): 
20, 30, 40 and 50 at the back of parenthesis 
indicates age of the bush in year; 
Happy: Happy Vally Tea Estate; 
Cham: Chamong Tea Estate; 
Amb: Ambutia Tea Estate; 
Sig: Sigtom Tea Estate; 
Soom: Soom Tea Estate; 
Phub: Phubsering Tea Estate;  

Figure 6.33: Dendrogram for Darjeeling Hill tea (collected three main seasons) depicted relation among edaphic factors, age of the bush, 

phytoconstituents and antioxidant activity. Blood Red colour showing attributes with high impact.   

[ABBREVIATIONS USED (Horizontal):OH: Hydroxyl radical scavenging; MC: Metal Chelating; FLAV: Flavonol content; ABTS: ABTS radical 

scavenging ; pH: Soil pH; SO: Superoxide radical scavenging; ECG: Epicatechin Gallate; EGCG: Epigallocatechin Gallate; QUIN: Quinone; EC: 

Soil electrical conductivity; MC%= Soil moisture content; Cl: Soil chloride; FI: Flavour Index: Av. K: Soil available potassium; CLAY: Soil clay 

fraction; SILT: Soil silt fraction; NO: Nitric oxide radical scavenging; Av. N: Soil available Nitrogen; OM: Soil organic matter; OC: Soil organic 

carbon; SAND: Soil sand fraction; Av. S: Soil available sulphur; DPPH: DPPH radical scavenging; ALP: Anti-lipid peroxidation activity]  
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Table 6.40 Correlation matrix analyses of phytoconstituents and antioxidant quality of tea with climatic variability attributes of Dooars region 

 

  *Correlation is significant at the P < 0.05 level. 

**Correlation is significant at the P < 0.01 level.  
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Temp 

Max 
0.755 -0.463 0.975* 0.168 0.669 0.751 0.285 0.902 0.996 -0.008 -0.785 0.067 0.048 0.959* 

Temp 

Min 
0.988 -0.976 0.627 -0.644 -0.136 -0.02 -0.547 0.912 0.573 0.759 -0.985 0.805 0.793 0.618 

Rain fall 0.859 -0.987 0.291 -0.883 -0.496 -0.391 -0.825 0.693 0.226 0.947 -0.835 0.968 0.963 0.271 

Rain Day 0.894 -0.996 0.362 -0.847 -0.431 -0.324 -0.777 0.743 0.296 0.921 -0.872 0.948 0.941 0.343 

Wind 

Speed 
0.028 0.339 0.694 0.841 0.989** 0.994 0.899 0.293 0.741 -0.742 -0.075 -0.69 -0.703 0.709 

Press -0.957 0.997 -0.512 0.745 0.273 0.163 0.661 -0.845 -0.452 -0.843 0.942 -0.882 -0.871 -0.493 

Cloud % -0.694 0.382 -0.998* -0.255 -0.733 -0.807 -0.37 -0.861 -0.995** 0.097 0.726 0.023 0.042 -0.999* 

RH% 0.965 -0.803 0.891 -0.278 0.279 0.389 -0.163 0.992** 0.857 0.428 -0.976 0.494 0.477 0.883 

UV 

Index 
0.817 -0.972 0.217 -0.917 -0.561 -0.461 -0.862 0.635 0.153 0.969 -0.791 0.985 0.981 0.196 

Sunshine 

Hr 
0.744 -0.448 0.997** 0.184 0.681 0.762 0.302 0.895 0.997* -0.025 -0.774 0.05 0.031 0.992* 

Sun Day -0.894 0.996 -0.361 0.847 0.431 0.324 0.777 -0.743 -0.296 -0.921 0.872 -0.948 -0.941 -0.346 

Visibility -0.817 0.972 -0.217 0.917 0.561 0.461 0.862 -0.635 -0.159 -0.969 0.791 -0.985 -0.981 -0.196 
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Table 6.41 Correlation matrix analyses of phytoconstituents and antioxidant quality of tea with climatic variability attributes of Terai region 

 

  *Correlation is significant at the P < 0.05 level. 

**Correlation is significant at the P < 0.01 level.  
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Temp Max -0.247 -0.345 -0.189 -0.642 -0.302 0.533 -0.832 0.168 0.566 -0.981 0.186 0.207 -0.203 -0.082 

Temp Min -0.699 -0.768 -0.655 -0.939 -0.737 0.885 -0.998* -0.347 0.903 -0.946 -0.33 -0.31 -0.665 0.427 

Rain fall -0.956 -0.981 -0.937 -0.989 -0.971 0.993** -0.907 -0.754 0.999* -0.675 -0.742 -0.728 -0.942 0.808 

Rain Day -0.909 -0.947 -0.882 -0.994* -0.931 0.993 -0.954 -0.661 0.997* -0.767 -0.647 -0.631 -0.889 0.723 

Wind 

Speed 
-0.122 -0.223 -0.062 -0.539 -0.176 0.421 -0.755 0.292 0.457 -0.949 0.31 0.329 -0.077 -0.208 

Press 0.853 0.899 0.817 0.994 0.878 -0.971 0.984 0.562 -0.98 0.841 0.547 0.529 0.825 -0.632 

Cloud % -0.949 -0.976 -0.928 -0.992 -0.965 0.992** -0.917 -0.738 0.992* -0.693 -0.726 -0.711 -0.933 0.794 

RH% -0.856 -0.799 -0.885 -0.548 -0.826 0.656 -0.293 -0.992 0.625 0.101 -0.994 -0.996 -0.879 0.978 

UV Index -0.963 -0.985 -0.945 -0.985 -0.976 0.999* -0.896 -0.773 0.997 -0.658 -0.758 -0.744 -0.949 0.822 

Sunshine 

Hr 
-0.414 -0.505 -0.359 -0.767 -0.464 0.674 -0.917 -0.008 0.703 -0.997* 0.01 0.031 -0.372 0.095 

Sun Day 0.897 0.938 0.869 0.992** 0.920 -0.993 0.962 0.648 -0.995 0.784 0.626 0.61 0.876 -0.704 

Visibility 0.963 0.985 0.945 0.985 0.976 -0.999* 0.896 0.778 -0.997 0.658 0.758 0.744 0.949 -0.822 
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Table 6.42 Correlation matrix analyses of phytoconstituents and antioxidant quality of tea with climatic variability attributes of Darjeeling hill region 

 

  *Correlation is significant at the P < 0.05 level. 

**Correlation is significant at the P < 0.01 level.  

C
lim

at
ic

 

A
tt

ri
b

u
te

s 

EG
C

G
%

 

EC
G

%
 

FI
 

TP
 

FL
A

V
 

Q
U

IN
 

TA
N

 

D
P

P
H

 

N
O

 

O
H

 

SO
 

A
LP

 

A
B

TS
 

M
C

 

Temp Max -0.665 -0.897 -0.459 -0.439 -0.637 -0.303 0.952 -0.936 0.103 0.628 0.034 -0.143 0.822 0.998* 

Temp Min -0.833 -0.981 -0.217 -0.654 -0.813 -0.049 0.999* -0.806 -0.155 0.806 -0.222 0.115 0.946 0.989 

Rain fall -0.979 -0.984 0.161 -0.888 -0.971 0.325 0.947 -0.529 -0.511 0.968 -0.569 0.475 0.999* 0.837 

Rain Day -0.991 -0.968 0.232 -0.919 -0.986 0.393 0.921 -0.466 -0.571 0.984 -0.627 0.538 0.994 0.795 

Wind Speed 0.645 0.309 -0.945 0.827 0.672 -0.987 -0.167 -0.496 0.999* -0.681 0.994 -0.998** -0.446 0.084 

Press 0.919 0.994* 0.038 0.779 0.904 -0.131 -0.992 0.687 0.329 -0.899 0.394 -0.291 -0.986 -0.929 

Cloud % -0.993 -0.965 0.243 -0.923 -0.988 0.403 0.916 -0.456 -0.581 0.986 -0.636 0.548 0.993 0.788 

RH% -0.909 -0.685 0.715 -0.988 -0.924 0.822 0.572 0.077 -0.921 0.928 -0.945 0.904 0.786 0.359 

UV Index -0.984 -0.978 0.189 -0.901 -0.977 0.352 0.937 -0.504 -0.534 0.975 -0.592 0.525 0.998* 0.821 

Sunshine 

Hr 
-0.751 -0.944 -0.347 -0.545 -0.726 -0.184 0.982 -0.879 -0.019 0.718 -0.088 -0.021 0.885 0.998* 

Sun Day 0.918 0.992* 0.042 0.776 0.903 -0.127 -0.992 0.689 0.326 -0.897 0.398 -0.288 -0.985 -0.936 

Visibility 0.984 0.978 -0.189 0.901 0.977 -0.352 -0.937 0.504 0.534 -0.975 0.592 -0.536 -0.998* -0.821 
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6.17.2 PCA with relation to climatic factors 

To study more about the relationship between climatic factors, profile of 

phytoconstituents, and antioxidant attributes, PCA was performed with each region of 

North Bengal. The twenty six principal components were chosen on the basis of their 

eigenvalues, explaining the total data variance for Dooars, Terai and Darjeeling hill. In 

almost all cases climatic attribute were heavily loaded on the second principle component 

(PC2) and clustered as evidenced by the correlation matrix analysis. In case of Dooars 

(Figure 6.34 and Table 6.40) ABTS, hydroxyl radical scavenging and anti-lipid 

peroxidation were clustered in opposite co-ordinate with rain fall, rain day, UV index, sun 

day, wind pressure and visibility which indicated that these antioxidant attributes were 

controlled by climatic factors, but metal chelating, nitric oxide free radical scavenging  

attributes were loaded on PC1 and were clustered in opposite domain with cloud % 

indicating that enhancement of cloud  is important for reducing percentage values of these 

scavenging components and as well as ECG values. 

In case of Terai region, climatic variable heavily loaded with TP, free radical 

scavenging activity and climatic variability and clustered (Figure 6.35) and this has been 

verified in the correlation matrix test (Table 6.41). 

In case of Darjeeling hills region EGCG % and flavonol content and ABTS 

activity highly loaded with climatic factors like rain fall, rain day, UV index, visibility etc 

(Figure 6.36), which means that these parameters were highly correlated(Table 6.42). 

The concentration of flavonoids in tea leaves changes during the development of tea 

shoots i.e. spring tea; summer tea and a 3
rd

-crop tea differ to some extent. It is evident that 

flavonoid accumulation is higher in summer that in spring and also apical bud + 2 leaves 

are richer in polyphenols than old leaves. It is quite difficult to assign a physiological role 

of the majority of plant phenolics; there is increasing evidence that a considerable number 

of these substances play an ecological role in plants. The flavonoid pigments are 

contributed to flower and fruit colour for the purposes of attraction of bees and green fly 

in tea plant for pollination and seed dispersal. 
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Figure 6.34 Plotting (PC1 x PC2) of scores and loadings for the PCA of climatic 

factors, phytoconstituents and antioxidant attributes of Tea Garden of Dooars region.  

  

 The contribution of ployphenols in the cell vacuoles is self evident flavones and 

flavonols present in the flower tissues are essential as co-pigments to the anthocyanin and 

also occasionally concerned as a hidden UV honey guides for attracting green fly to the 

tea flowers. N-ethyl glutamine (Theanine) content of tea shoots varies with clones and 

seasons. During tea processing theanine contents of tea shoots get gradually decreased. 

High level of theanine in tea appears to be detrimental to tea quality of some clones. (Dev 

Choudhury, 1984). 

Carr(1972) cited  that effect of climate( and weather) on the yield of tea are warm 

days , long sunshine hours, high humidity, rainfall,  preferably over night shower and 

Square (1985) were  analyzed that four factors like solar radiation received, amount of 
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Figure 6.35 Plotting (PC1 x PC2) of scores and loadings for the PCA of climatic 

factors, phytoconstituents and antioxidant attributes of Tea Garden of Terai region.  

 

solar radiation intercepted by the crop canopy, efficiency of conversion of intercepted 

radiation to dry matter and fraction of the dry matter partitioned to the useful product. 

There is evidenced that dormancy set when day length falls below about 11 hrs 15min, 

long sunshine hour are essential for maximum production of tea. Tea plant seems unable 

to maintained favourable water balance in its leaves even when the soil profile is at field 

capacity if the saturation deficit of the air exceed about 2.0 kPa. minimum air temperature 

required to support shoot growth appears to be about 13 or 14°C with an optimum range 

18 to 30°C Day time max temperature in excess of 30°C and night minimum 14°C leads 

to reduction of rate of growth of tea,  frequent hails, storms and high winds are 

detrimental to growth. Same finding were also observed in this experiment.  
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Figure 6.36 Plotting (PC1 x PC2) of scores and loadings for the PCA of climatic 

factors, phytoconstituents and antioxidant attributes of Tea Garden of Darjeeling hill 

region.  

 

 

6.18 COMPARISON OF PHYTOCHEMICAL CONSTITUENTS AND 

ANTIOXIDANT ACTIVITY OF ORGANICALLY AND NON-ORGANICALLY 

PRODUCED BLACK TEA 

Reactive oxygen species (ROS), which consist of free-radicals, such as OH·, NO·
 
and 

non-radical species such singlet O
-
2 are different forms of activated oxygen (Halliwell and 

Gutteridge, 1984). These free-radicals are fundamental to any biochemical processes 

which represent an essential part of aerobic life including our metabolism and can easily 

react with most biological molecules including proteins, lipids, lipoproteins and DNA. 

Ample generation of ROS produced a variety of patho-physiological disorders like 

arthritis, diabetes, inflammation, cancer, hypertension, Parkinsonism, atherosclerosis, 

ishaemic disease, Alzheimer's disease, aging and genotoxicity, which are considered to be 

primarily due to the imbalance between pro-oxidants' and antioxidant homeostasis 

(Ghosal, 1991; Chen et al., 2004).  



197 

  

There is a dynamic balance between the amount of free-radicals generated in the body 

and antioxidants to quench and/or scavenge them and protect the body against their 

deleterious effects. Thus, phytochemicals deserve a proper position in the therapeutic 

armamentarium. 

Tea is one of the most commonly consumed beverages, and it may now became a 

health elixir for its putative physiological functions (Mabe et al.,1999; Misra et al., 2003; 

Pajohk et al., 2006; Sarata et al., 1988; Tamara et al., 2004), desirable aroma and taste in 

the world. However, tea should be free from any toxic chemical residues which has 

deleterious effects and should be rich in antioxidants to combat harmful oxidants in the 

bodies of consumers. Tea is rich in polyphenols, flavonoids etc. that have been shown to 

possess a wide range of biological and pharmaceutical benefits, including combating 

efficiency against various patho-physiological disorders. These beneficial effects may be 

attributed to tea's free-radical scavenging activity. 

Depending on the agronomic practices, tea is classified into two types: non-

organically produced tea (NOT); when inorganic fertilizers and chemical pesticides are 

used in cultivation, and organically produced tea (OT) when environment-friendly 

organic techniques are employed in its agronomic practices. Indiscriminate use of 

chemicals in field management techniques and profit making attitude has led to 

contaminate the tea products with harmful chemicals and pesticides, as a result of which 

antioxidant quality of tea is degrading day by day. 

It has also been reported that some types of polyphenols; catechins, epicatechins, 

epigallo catechins, catechins gallate and epicatechins gallate, tannins, vitamins, minerals 

etc. are present in the tea (Bajaj et al., 1988; Misra et al., 2016). Therefore; tea must be 

considered to have nutraceutical potentialities along with natural antioxidant properties 

with broad-spectrum action. Despite the upsurge of interest in the therapeutic potential of 

tea as sources of natural antioxidants, no studies have been carried out using black tea 

from different sources.  
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In the present study, eight black tea grades; either produced organically or non-

organically were analyzed for total phenols, flavanols, tannins, orthdihydric phenols and 

antioxidant activities. 

6.18.1 Sample and sample treatment for phytochemicals and antioxidant activity 

analysis 

Sixteen commercial tea samples of eight black tea grades, viz., orange pekoe (OP), 

broken orange souchans (BPS), orange fanning(OF), fanning dust (FD), flowery orange 

pekoe (FOP), broken orange pekoe one (BOPI), broken orange fanning (BOF), orange 

churamani dust (OCD) were collected from the tea gardens of Terai, Dooars and 

Darjeeling Hills, in a three harvesting seasons and analyzed. All the samples used in the 

study are the grades prepared by the different factories in North Bengal over the year. All 

analysis was carried out in triplicate. 

Tea samples of a coarse leafy/shoots structure were minced and ground to a fine 

powder. Two grams of dry sample powder were taken in a soxhlet. Five ml of 70% v/v 

methanol was dispensed into the sample as an extraction mixture and heated for 10 min. 

Extracted tea brew was then centrifuged at 10000 rpm for 5 min and the supernatant was 

taken and used for phytochemicals and antioxidant activity studies. 

There was a wide variation in the amount of total polyphenols in eight different 

grades tested. Among the eight grades of organically produced tea, the highest phenol 

content was found in FOP and lowest in FD, whereas in the non-organically produced tea, 

highest phenol content was observed in BOPS and lowest in OF. From the results, greater 

amounts of , polyphenol, flavonol, tannin and orthodihydric phenol content were found in 

organically produced orthodox tea, resulting in better tea quality for healthy consumption 

compared to the non-organically produced Black tea grades obtained from the gardens 

(Figure 6.37a,b,c) of Terai, Dooars and Darjeeling Hills. 

6.18.1.1 DPPH & Superoxide radical scavenging activity 

The hydro-alcoholic extracts of tea grades from three different sources exhibited DPPH 

antioxidant activity with a concentration 10 ug/ml. Superoxide radicals are produced by a 
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Figure 6.37a Different phytoconstituents present in organically produced (OT) and 

non-organically produced tea (NOT) in  Terai, all data are presented by mean of 

three seasons ±SE. 

 

number of cellular reactions associated with various enzyme systems, such as 

lipoxygenase, peroxidases, NADPH oxidase and xanthin oxidase. Superoxide anions play 

important role in plant tissues and are involved in the formation of other cell damaging 

free-radicals (Bloknina et al., 2003). 

Superoxide is a highly reactive molecule that can react with many substrates produced in 

various metabolic processes including phagocytosis. It causes oxidation or reduction of 

solutes depending on their reduction potential. Both aerobic and anaerobic organisms 

possess superoxide dismutase enzymes which catalyze the breakdown of superoxide 

radical. It is evident from (Fig 6.38a to 6.38c) that strong superoxide anion scavenging 

activity (> 90% inhibition) was observed when 10 ug/ml of the hydro-alcoholic extract of 

orthodox tea from three different sources were used (i.e. strong superoxide radical 



200 

  

scavenger). OT grades comparatively executed better superoxide radical scavenging 

activity than the NOT grades. It is well known that superoxide anions damage bio 

molecules directly or indirectly by forming H202, OH·, and peroxinitrite or singlet oxygen 

during pathophysiological events such as ischemic reperfusion injury. This study 

suggested that regular intake of organic tea as a drink may be preventing ventricular 

tachy-arrhythmias and sudden coronary death after myocardial ischemic damage. 

6.18.1.2 Hydroxyl radical scavenging activity 

Hydroxyl radicals were generated by reaction of substrate deoxyribose and ferric-EDTA 

together with H202 and ascorbic acid. When hydroalcoholic tea extract were incubated 

with the above reaction mixture, it could prevent the damage against sugar. The results 

are shown in Figure 6.8a to 6.38c. The concentration of 10 ug/ml tea extract was found as 

the better hydroxyl radical scavenger. More than 250 % inhibition was observed in OF in 

OT grade, whereas all the grades of NOT showed comparatively poor scavenging 

activity. 

6.18.1.3 Nitric oxide radical scavenging activity 

Nitric oxide is very unstable under aerobic conditions. It reacts with O2 to produce its 

stable product NO3
-
 and NO 2

• 
through intermediates NO 2, N2O4 and N3O4

•
 Tea showed 

maximum scavenging activity at 10ug/ml with an inhibition of 10.89% in FOP of OT 

grade and minimum of 4.56% in FD of NOT (Figure 6.6.38a to 6.38c). From the results it 

was clear that OT was much better than NOT at the same concentration. Nitric oxide is a 

potent pleiotropic Type-III elicitor of physiological processes such as smooth muscle 

relaxation, neuronal signaling, inhibition of platelets aggregation and regulation of cell 

mediated toxicity. It is a diffusible free-radical, which plays many roles as an effectors 

molecule in diverse biological systems including neuronal messenger, vasodilatation, 

antimicrobial and antitumor activities (Shirwaikar et al., 2006). Nitric oxide is also a 

cause of inflammatory bowel diseases. Sometimes consumption of toxic chemical may 

aggravate nitric oxide synthase as a result of higher production of nitric oxide. It may 

reduce the activity of other radical scavenging property. Mechanisms of action for the 

protective effect of tea as a nitric oxide free-radical scavenger are not clear. 
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Figure 6.37b Different phytoconstituents present in organically produced (OT) and non-organically produced tea 

(NOT) in  Dooars, all data are presented by mean of three seasons ±SE  

 
 

Figure 6.37c Different phytoconstituents present in organically produced (OT) and non-

organically produced tea (NOT) in Darjeeling hills, all data are presented by mean of three 

seasons ±SE. 
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Figure 6.38a Different free radical scavenging activity in organically produced (OT) and non-organically produced tea 

(NOT) in Terai, all data are presented by mean of three seasons ±SE. 
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Figure 6.38b Different free radical scavenging activity in organically produced (OT) and non-organically produced tea 

(NOT) in Dooars, all data are presented by mean of three seasons ± SE. 
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Figure 6.38c: Different free radical scavenging activity in organically produced (OT) and non-organically 

produced tea (NOT) in Darjeeling hill, all data are presented by mean of three seasons ± SE. 
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6.18.1.4 Anti-lipid peroxidation activity 

Iron stimulates lipid peroxidation by the Fenton reaction and accelerates peroxidation by 

decomposing lipid hydroperoxides into peroxyl and alkoxyl radicals which themselves 

abstract hydrogen and perpetuate the chain reaction of lipid peroxidation (Shirwaikar et 

al., 2006). 

Lipid hydroperoxide is again decomposed to produce alkoxyl or peroxyl radicals, 

which eventually yield carbonyl products and it is responsible for DNA damage, 

generation of cancer and aging-related diseases. The decrease in the concentration of 

malonaldehyde level with addition of 10 ug/ml hydro alcoholic extract indicates the ant-

lipid per oxidation role of tea. The role of ALP in tea extract may be due to its free-

radical scavenging properties. It is clear from the results that FD grade of OT was better 

ALP activity compared to NOT all grades (Figure 6.38a to 6.38c). 

The results of this study therefore justify the therapeutic potential of tea, especially in 

diseases where the antioxidant activities are the important component. The results also 

suggest that organically produced tea is comparatively better than the non-organically 

produced tea, and the antioxidant property should be important criterion for gradation of 

tea. 

6.19 CONCLUSION AND FUTURE PROSPECTS 

Tea plantation industry performs very important role in the national economy and earning 

huge foreign exchange.  The industry has accounted for 10% of the labour force 

employed in private sector. Therefore tea industry is largely labour intensive and provides 

employment to a large quantum of female workers. In India, tea cultivation regions are 

mainly located in monsoon belt comprising Assam, West Bengal, Tamil Nadu and Kerala 

and the foot hills of Himalayas. Within this geographic territory, Darjeeling tea is very 

famous worldwide. During survey, we visited tea gardens and industries situated at 

foothills of Himalayas of North Bengal and observed the conventional plantation 

management practices along with industrial processing. Tea plantation management 

practices include shade tree management, irrigation practices, plucking style, maintenance 

of tea nursery, pest control, mixed cultivation with tea (here black pepper cultivation), 
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pruning and weed removal . In addition, one bungalow should be nearby tea garden for 

management authorities and where industries are present, appropriate tea tasters should be 

appointed.  Currently several tea industries of North Bengal are sick and facing serious 

constraints that are directly affecting productivity of tea. The major constraints are old 

age of bushes, limited availability of land for extension, slower pace of re-plantation, 

fluctuation of weather and seasonal variation as well as the tea prices, poor drainage and 

lack of appropriate irrigation along with poor tea waste management in industry and 

above all high labour cost. The stagnation in productivity levels is compounded by high 

land labour ratios. In this context, creation of product versatility of tea followed by 

appropriate up gradation of nutraceutical quality in tea is essential through industrial 

processing. As the reactive oxygen species are widely believed to cause several human 

pathologies, antioxidants are required in every step of our life for preventing oxidative 

stress mediated lifestyle disorders. The magnitude of lifestyle disorders are enhanced day-

by-day and no synthetic molecules can effectively prevent this with creating essential 

health hazards. Considering the wide scale popularity of tea among Indian citizen, only 

antioxidant enriched orthodox or CTC tea could hold the promise. Though in recent 

times, consumption of green tea has increased; numerous studies already indicate that the 

consumption of green tea could effectively reduce cardiovascular disease, inflammatory 

bowel, and certain types of cancer, diabetes and neurodegenerative diseases (Dufresne 

and Farnworth, 2001).  Health benefits of green tea are attributed for high catechin 

content which has been described as potent antioxidants. From our study, it might be 

concluded that more disease specific, target directed and highly bio-available specific 

components could be enriched even in orthodox or CTC tea by changing agronomic 

practices and manufacturing processes from which the direct benefit of oxidized tea 

consumption could be utilized. 
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Figure 6.39a Industrial CTC tea processing (STEP-I)  
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Figure 6.39b Industrial CTC tea processing (STEP-II) 
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Figure 6.39c Industrial CTC tea processing (STEP-III) 
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7. OUTCOME OF THE STUDY 

7.1 Relationship of soil fertility with antioxidant properties  

The results have undoubtedly shown that the antioxidant quality of tea is best, if the soil 

is sandy loam, pH is in between 4.50-5.00, EC below 0.5mmhos, moisture content at 15-

20%, nitrogen status 0.13%, available phosphorous as P2O5 is in between 15-45 ppm and 

available potassium as K2O is in between 80-100ppm, available sulphur is in between 15-

30ppm, chloride below 0.05ppm. It is also reported that restoring high antioxidant activity 

of tea depends on agronomic practices and leaf maturation.  

7.2 Optimum climatic condition for enhanced antioxidant property 

These works seem to suggest that the harvest time is crucial to determining the 

antioxidant potential of fresh tea shoots. Climatic variation of anti-oxidative properties, 

Phenolics and mineral nutraceuticals in fresh tea shoots, consisting of one apical bud and 

two adjoining leaves sampled from TV1, TV20, TV26, TV29, TV30 (Tocklai Vegetative) 

clone and Tingamara, Dangri Manipuri and Sundaram B/5/63(Seed jat) grown in Terai 

region in Darjeeling district, North Bengal was investigated during three harvest seasons 

(March, June and December). The total Phenolics of all clones were lower in cool months 

of December in three years (average 36.02-93.29 mg GAE/g dry weight basis). 

Thereafter, the levels of total Phenolics increased throughout the warmer months from 

March to September. Antioxidant activity determined by Antioxidant activity determined 

by DPPH based free-radicals scavenging assay showed similar trends which increased 

from 1st harvest (March) to 3rd harvest (December). All clones showed nearly 100% 

antioxidant activity at 2nd and 3rd harvest season which higher than standard synthetic 

antioxidant BHA (Butylated hydroxyl anisole). However, seasonal variation of minerals 

(N, P, K, Ca, Mg, Na, Fe, Cu, Mn, and Zn) showed different results according to clones 

used.  Tea grows well and showing potential antioxidant properties in the following 

optimum climatic factors; Rainfall 700-2500mm, sunshine hour not below 4.00hrs, 

temperature minimum:12-13°C,  maximum: 30°C , cloud 8-40%, wind speed 6.00, 

pressure 1000mb , UV index 6.00.  
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7.3 Age of the and their antioxidant property 

This study suggested that age of the bush affect the plants ability to cope with 

environmental stress. Various biochemical changes occurs during aging process in tea 

bush which could be correlated with age induced loss in growth and productivity. It was 

observed that total phenolic content of leaves increased with age of a plant, but it is not 

sufficient to balance between ROS generation and antioxidant function of plant because 

of increased MDA content of the leaf thus making the aged plant tissue less capable of 

coping with the prevailing environmental stress and regulation of nutrient transport 

during aging process. Age dependent environmental stress adaptation mechanism changes 

in mineral nutrition absorption from soil and its effect on antioxidative defense 

mechanism. Therefore, maintaining sustained productivity as well as antioxidants quality 

of tea, young bush are suitable.  

7.4 Antioxidant of different tea varieties and processed optimization 

Tea, which is one of the most popular beverages worldwide, is obtainable from aqueous 

infusion of processed tea leaves (Camellia sinensis L.). In India, mainly three types of tea 

are produced: viz. Crush-Tear-Curl (CTC), Green and Orthodox tea. From therapeutic 

viewpoint, green tea has been most widely studied due to its richness in different catechin 

derivatives. CTC and Orthodox tea is mainly used as beverage due to high aroma, flavour 

and brilliant colour. Conventional orthodox processing consists of rolling the leaf, 

stretching and tearing followed by fermentation, which during CTC preparation, being 

replaced by quicker and more severe leaf disruption followed by more oxidation process 

due to wider surface area of interaction of polyphenols with oxygen by polyphenol 

oxidases (PPO) and peroxidases (PO) enzyme. However, in case of green tea, withered 

leaves are steamed and dried for minimizing chemical and enzymatic reactions.  Industrial 

processing of tea starts with harvesting phase. Our study suggests that harvest time is 

crucial for determining antioxidant potential of fresh tea shoots. The total phenols of TV 

clones were lower in cold season, whereas increased throughout the warmer months from 

March to September. Antioxidant activity showed similar trend which increased from 1
st
 

to 3
rd

 harvest comparable with standard synthetic antioxidant BHA (Butylated hydroxyl 

anisole).  Among different tea cultivars PPO activity was found to be highest in TV1.  
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There are biochemical and enzymological changes associated with withering periods. 

PPO enzyme showed maximum activity after 10 hours of withering whereas PO activity 

increased continuously with withering time. Highest polyphenols was recorded after 14 

hours of withering. Withering temperature is also important for individual catechin 

species and total catechin accumulation. Higher temperature particularly degrades the 

level of catechin to a substantial extent along with antioxidant activity as measured by 

scavenging of DPPH and ABTS∙
+
 radicals. Metal chelating activity on the other hand, was 

enhanced with withering temperature. In case of CTC processing, antioxidant activity was 

drastically reduced immediately after rapid crush-tear and curl process. However the 

antioxidant activity of Orthodox tea is quite high even after firing indicating that slow and 

limited oxidation during fermentation is helpful for restoration of antioxidant activity. 

Also polymerization of phenols by enzymatic oxidation reduces antioxidant activity in 

CTC tea as revealed from higher abundance of hydrolysable tannins and quinone in those 

grades. When different CTC grades were compared, OF and PD was found superior than 

others in terms of quality and quantity of antioxidants and phytochemicals. Flavour index 

along with antioxidant activity vary widely with fermentation time and temperature and 

best fermentation environment was optimized at 60 minutes with 35º C temperature for 

preparation of better quality tea. Changes in profiles of flavonoid pattern during industrial 

processing were also revealed from thin layer chromatographic analysis. When compared 

with different industrially prepared tea of North Bengal, CTC black tea was found to be 

inferior in antioxidants and bioactive compounds. In a nutshell, it can be stated that 

physicochemical attributes during industrial processing might have profound influence for 

determining quality framework of made tea. Optimum time required for withering of 10-

14 hrs depending on the moisture of the leaf and season, and the fermentation time is in 

between 40 to 90 min in temperature 32° C and 60-110 min in temperature 28° C. 

The results of this study justify the antioxidant potential of tea, especially in 

diseases where the antioxidant activities are the important component. The results also 

suggest that organically produced tea is comparatively better than the non-organically 

produced tea and the antioxidant property should be important criterion for gradation of 

tea. 
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SUMMARY 

The present study deals with the “Evaluation of antioxidant properties of tea under 

various agro-climatic conditions of North Bengal”. The thesis is comprised of seven 

chapters. At the onset of the work a brief introduction followed by literature review in 

concord with the line of investigation has been presented. 

General aspects of tea have been included in the introduction. After that origin and 

history of tea along with bud dormancy, productivity etc. have been discussed.  

About two-third of the world population consumes tea [Camellia sinensis (L.)]. In 

therapeutics, various kinds of tea obtained from different varieties of tea are most often 

employed in prophylactic purposes and in the formulation of plant derived elixir to 

protect human diseases. Tea productions need a combination of industry and agriculture. 

Northern part of West Bengal (called North Bengal) has three distinctly different tea 

growing regions.  

The literature reviewed has been divided into several sub-heads such as,  history 

of tea cultivation in India,  taxonomy of tea, present scenario of tea cultivation, 

antioxidant mechanism of action, synthetic antioxidants, therapeutic and chemical 

characteristics of tea, assessment of free radicals scavenging activity and regional 

variation, quantitative variation of antioxidant activity with soil nutritional properties, 

agro-climatic zones of North Bengal, importance of tea cultivation, problems of tea pests, 

shade trees in tea cultivation, variation of antioxidants attribute with agro-climatic 

conditions and suitability, industrial processing of tea, tea as powerful and its uses in 

different diseases, antioxidants, metabolomics of tea polyphenols and future prospects 

emphasize how to restored antioxidants quality of tea. 

In chapter III, deals with the location of study area, agro-climatic conditions of 

North Bengal includes climate, rainfall, temperature, relative humidity,    Humid-

prehumid ecosystem, sunshine / brightness, wind speed, rivers, soil types etc.  

The scopes and objective of the study were elucidated in chapter IV. We set our 

objectives to examine the changes in contents of antioxidants and secondary (total 
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flavonoids and total phenolics) metabolites with different soil profile to search 

relationship among the parameters within our study area which includes twenty gardens. 

The objectives of the study are as follows;  

1) Study of the variation of antioxidant properties of tea in: 

(i) different soil conditions  

(ii) different climatic conditions  

(iii) different geographical distributions  

(iv) different plant varieties  

(v) different processed grades  

(vi) different physical conditions of processing. 

2) Comparison of antioxidant properties in organically grown tea and non-organically 

grown tea. 

3) Soil degradation pattern with the span of plantation ages and antioxidant properties of 

plants at different ages. 

4) Study of phenolic contents in different tea. 

In Chapter V, materials and methodologies have been presented with valid 

references wherever necessary. The different sub-heads of materials and methods are as 

follows:  

a) Collection of unprocessed and processed tea samples 

b) Record of collection of data regarding shade tree, weeds, grass, mulching materials and 

climatic data. 

 c) Collection soil sample 

d) Assay phytoconstituents and antioxidants of tea viz. total phenol, flavonol, tannins, 

caffeine, quinone, ortho-dihydric phenol, TF, TR, TLC, FI, EGCG, ECG, antioxidants 

attributes viz. DPPH, nitric oxide, hydroxyl, superoxide, ALP, MC, ABTS, soil physico-

chemicals attributes etc.  
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In chapter VI, results have been represented and analyzed with published 

literature. Valid discussions have been made with citation of the works related to our 

present results. 

Field surveys were conducted and tally with existing data source of tea gardens of 

Terai, Dooars and Darjeeling Hills to document the distribution of tea cultivars and their 

ages. On the basis of the survey, ten tea cultivars were selected. Soil physico-chemicals, 

phytochemicals analysis, antioxidant studies of the collected samples were performed. 

Twenty four species of shade trees in tea plantations have been identified on various soil 

conditions of North Bengal region. The prevailing soil types and different soil 

characteristics have been recognized in the area. 

Correlation matrix analysis of physico-chemical attributes of tea soil of Terai, 

Dooars and Darjeeling  hill of North Bengal revealed that among the six tea gardens of 

Dooars regions, the soils of Debpara and Binnaguri tea gardens were predominantly 

sandy loam to clay loam in texture, whereas, the soils of Nagrakata and Ghatia were clay 

loam to clayey in texture.  The organic carbon, organic matter and available nitrogen were 

found relatively higher in young aged section of Ghatia and Samsing and medium aged 

section of Debpara, Binnaguri, Nagrakata tea garden and aged section of Indong tea 

garden. Maximum potassium content was found with young section of Samsing and the 

lowest was with aged sections of Indong tea soil.  

Soil organic carbon, organic matter, available nitrogen, phosphorus, potassium, 

sulphur, moisture content and chloride had a positive correlation with nutrient and 

physical parameter, suggesting that soil organic carbon increased the availability of 

nutrients under tea growing soils. Higher potassium content was found in both medium 

and young aged sections of all tea soils respectively. The available soil K content varied 

from 86.94 to 445.57 ppm.  

The soil of six tea garden in Terai region; viz. New Chumta, Sayedabad, Hansqua, 

Gayaganga, Motidhar and Paharghumia were recorded. Physico-chemical properties of 

soils were strong to moderately acidic (4.10 to 5.34) with low electrical conductivity. 

Soils were sandy loam in texture. The clay content varied from 6.6 to 20.4%. The organic 

carbon, organic matter and available nitrogen content varied from 0.98 to 1.60%, 1.54 to 
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2.77 % and 0.14 to 0.22 % respectively in young, 0.95 to 1.80, 1.65 to 2.94, 0.13 to 

0.24% in medium and 0.85 to 1.90, 1.47 to 3.28, 0.12 to 0.26% in old aged soils. The 

highest available nitrogen was obtained with Motidhar Tea Garden and the lowest in 

Gayaganga Tea Garden. Available phosphorus content varied between 8.92 to 32.55 ppm 

in young, 9.22 to 25.96 ppm in medium and 3.91 to 41.08 ppm in old aged soils and wide 

variation of soil available P might be due to the fixation of phosphorus in soil as insoluble 

aluminium and iron phosphate, higher acidity and poor application of rock phosphate. 

Available potassium content varied from the medium to high. Higher potassium content 

was found in both medium and young aged sections of all tea soils respectively. Available 

Sulphur was below recommended levels (Misra et al., 2009) of all section and Chloride 

was within limits in all sections. Moisture content was highest in medium aged section of 

Motidhar tea garden; this is because of using mulching in dry spell and comparatively 

satisfactory levels of organic matter. Soils were compared with virgin and multi-crops 

system of very closest area from respective tea garden, it was found that pH lies in 

between 4.1 to 5.50, electrical conductivity were within limits and all nutrients were 

satisfactory levels in Terai region.  

The soils of six tea gardens in Hills of Darjeeling region viz: Phubsering, 

Singtom, Ambootia, Happy Valley, Soom and Chamong were recorded for three times in 

a year for five years. Soil pH was found to be strong to moderately acidic in nature (4.11 

to 5.50), with low electrical conductivity, might be due to leaching of soluble salts by 

heavy rainfall. Soils under study were sandy loam to sandy clay loom in texture and the 

clay content varied from 8.5 to 41.20.  The organic carbon, organic matter and available 

nitrogen content were high in all section and these variations might be due to the effect of 

management practices of these locations. The availability of soil phosphorus varied from 

10.65 to 78.96 under low, medium and high elevations respectively. The higher 

availability of phosphorus under lower elevation was observed. The available soil 

potassium content varied from 86.94 to 445.57 ppm. Soil pH had a positive correlation 

with all nutrients. The phosphorus had a significant correlation with electrical 

conductivity, organic carbon and available potassium. The potassium had a significant 

positive correlation with nitrogen, phosphorus, sulphur. 
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Soils were compared with virgin and multi-crops systems of very closest area from 

respective tea garden, it was found that pH lies in between 4.26 to 5.40 and all required 

nutrients were within recommended (Misra et al.,2009) levels in hilly regions.  

Phytochemical quality and free radical scavenging quality of fresh tea shoots and 

processed handmade tea of mostly cultivated clone of TV1, TV2, TV20, TV26, TV29, 

TV30, Dangri Manipuri, Tinali 17, Takda 7.8, Sundaram(B/5/63), Tingamara were 

assayed for characterization of cultivar.  

Tea leaf Polyphenol Oxidases (PPO), which is responsible for oxidizing dihydroxy 

polyphenol varied from clone to clone increases by oxidative stress and have influence on 

soil pH content.Phosphorus deficiency resulting decreases of PPO activity.  

TLC and HPLC have been used for quantification of main attributes of polyphenol 

i.e. ECG and EGCG content in fresh leaf and processed leaf and seasonal variation region 

wise. It has revealed that the levels of total phenolics in terms of EGCG and ECG 

increased throughout the warmer months from March to September.  

Seasonal variation of mineral content in tea shoots with clonal variation depend, 

not only on the species or varieties, but also on the growing conditions such as soil and 

geographic condition.  

Climate and agronomical factors affect both the flavonol content of green tea 

shoots and the composition of the resulting made tea. The present total phenolic content 

would indicate that there is potential to produce higher quality black tea during the 

December months in North Bengal. There were statistical difference among harvest times 

in all ten tea cultivars except TV1 (p<0.01). Antioxidant activity was increased from 1
st
 

harvest to 3
rd

 harvest times in all tea cultivar. Free radical scavenging activity was found 

to be between 99.97-74.10%.  Antioxidant activity (% free radical scavenging) of BHA 

(200 mg/l) was 91.18%. In previous studies conducted on tea the antioxidant activity of 

different tea products in different solvent was found between 56-83%. It was revealed 

from literature study that commonly consumed products such as tea, coffee and cocoa 

have possessed significant amount antioxidant activity. The results for antioxidant 

activity clearly outlined that tea shoots could be one of the richest sources among plants 
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in terms of antioxidant activity. The composition of tea shoots varies with climate, 

season, variety, and age of the shoot.  

The chemical composition of tea shoots varies with genotype, season and cultural 

practices. Processed tea that is widely consumed now as a popular health drinks/beverage 

i.e. commercially manufactured from the young tender leaves (bud, bud + single leaf, bud 

+ second leaf etc.) of the tea plant.  This research elucidates how functional component in 

tea cultivar could expand the role of diet in oxidative disease prevention and treatment. 

There are evidences that tea constituents play therapeutic role in more than sixty different 

health conditions.  

Certain plants show antioxidant activity with DPPH because of their phenolics 

constituents. Irrespective of cultivar and leaf maturation the antioxidant capacity of tea 

plant was significantly varied with soil physicochemical parameters. DPPH (IC50) based 

free-radical scavenging activity was significantly correlated with soil pH, because soil pH 

significant affects on the availability plant nutrients and microbial activity surrounding 

the rhizosphere. It may be predicted that antioxidant activity restoration in tea leaves is 

optimized when the pH range in between 4.00 -5.50. There is a correlation between 

available form of organic nitrogen and antioxidant quality of tea leaves. Insignificant 

action of sulphur on antioxidant was observed, above 13 and below 7.00 reduces the tea 

antioxidant quality. Moisture level at 15% decreases the nutrients availability of tea 

plants. Plant age and leaf maturation also have significant correlation with antioxidant 

quality of tea. Maturation of tea leaf affects the accumulation pattern of antioxidant 

capacity was executed. Below minimum temperature and above maximum temperature, 

storage and development of antioxidant compounds in tea leaves may be hampered. The 

high variation of antioxidant activity of tea of Dooars region and soil nutrient profile of 

six places with different age was observed. Also this observation suggested that anti-lipid 

peroxidation has significant correlation with nitrogen content available in soil, which 

indicates that nitrogen content of soil is highly responsible for antioxidant capacity of tea. 

Tea industries have gone for higher input with resultant impact on chemical constituents 

of tea shoots responsible for quality. The major quality attributes of tea are flavour, 

aroma, colour, and strength. Low theaflavin content in black tea is due to over 

fermentation and/or long periods of storage  
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No industry in North Bengal produced tea from specific cultivar because while 

plucking shoots from tea garden, labourer never plucked shoots from individual cultivar, 

always mixed up and after weighing, tea shoots are moving from garden to distance 

factory by trolley. During transportation withering starts and it takes nearly 4hrs. 

Therefore, study of industrial process control i.e. through what process, tea industry is 

actually following and what the quality attribute is restored from processed intermediate 

to final grade, has focused through this study. For the betterment of quality tea 

manufacturing, withering and fermentation behaviour of selected cultivars were also 

studied exhaustively. 

It was revealed from the study of variation of profile of UV responsive substances 

during industrial processing of CTC tea and the results confirmed that TLC can also be 

efficaciously used for rapid analysis of different tea grades and their processing 

intermediates during quality control like other pharmaceutical and food products for 

evaluation of nutraceuticals and other value-added products. 

Comparative analysis of antioxidants and bioactive compounds of three basic tea 

products viz. CTC, orthodox and green tea were executed. From our study it can be 

affirmed that orthodox tea have a more potent antioxidant activity as compared to other 

CTC teas besides enhanced colour and aroma. 

To understand more about the relationship between soil physicochemical profile 

phytoconstituents, antioxidant attributes and age of the plantation, PCA (Principal 

Component Analysis) was performed with each region of North Bengal. The twenty eight 

principal components were chosen on the basis of their eigenvalues, explaining the total 

data variance for Dooars, Terai and Darjeeling hill. In almost all cases composite soil 

physicochemical attributes were heavily loaded on the second principle component (PC2) 

and clustered as evidenced by the Dendro-hit map.  

To study more about the relationship between climatic factors, profile of 

phytoconstituents, and antioxidant attributes, PCA was performed with each region of 

North Bengal. The twenty six principal components were chosen on the basis of their 

eigenvalues, explaining the total data variance for Dooars, Terai and Darjeeling hill. In 
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almost all cases climatic attribute were heavily loaded on the second principle component 

(PC2) and clustered as evidenced by the correlation matrix analysis.  

Comparison of phytochemical constituents and antioxidant activity of organically 

and non-organically produced black tea were studied. For that purposes sixteen 

commercial tea samples of eight black tea grades, viz., orange pekoe (OP), broken orange 

souchans (BPS), orange fanning (OF), fanning dust (FD), flowery orange pekoe (FOP), 

broken orange pekoe one (BOPI), broken orange fanning (BOF), orange churamani dust 

(OCD) were collected from the tea gardens of Terai, Dooars and Darjeeling Hills, in a 

three harvesting seasons and analyzed. All the samples used in the study are the grades 

prepared by the different factories in North Bengal over the years. There was a wide 

variation in the amount of total polyphenols and antioxidants in eight different grades 

tested. Among the eight grades of organically produced tea, the highest phenol content 

and antioxidant activity was found in FOP and lowest in FD, whereas in the non-

organically produced tea, highest phenol content was observed in BOPS and lowest in 

OF. From the results, greater amounts of  polyphenol, flavonol, tannin and ortho-dihydric 

phenol content were found in organically produced orthodox tea, resulting in better tea 

quality for healthy consumption compared to the non-organically produced Black tea 

grades obtained from the gardens of Terai, Dooars and Darjeeling Hills. 

In chapter VII, outcome of the studies has been precisely discussed. 
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CHEMICALS USED 

A 

α-amylase enzyme 

α-glucosidase enzyme 

2,2ʹ Azinobis-(3-ethylbenzthiazoline-6-sulfonic acid) ABTS 

Acetic acid 

acetic anhydride 

Acetone 

Aluminum chloride 

Ammonia 

Ascorbic acid 

B 

Butanol 

BHT 

C 

Chloroform 

Citrate buffer(pH 4.5) 

Conc. Sulfuric acid 

Copper acetate 

D 

2-deoxiribose solution 

Dichloro methane 

Dichromatic acid 

2,2ʹ-di-p-nitrophenyl-5.5ʹ-diphenyl-(3,3ʹ-dimethoxy-4,4ʹ-diphenylene)di-

tetrazolium chloride 

DNS(3,5-dinitrosalicylic acid) reagent 

DPPH(2,2-diphenyl-1-picrylhydrazyl) 

DNP 

E 

EDTA 

Ethanol 

Ethyl acetate 

EGCG 
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ECG 

F 

Ferric chloride 

Ferrozine 

Ferrous sulphate hepta hydrate 

Folin-ciocalteu reagent 

Formic acid 

Ferrous ammonium sulphate 

G 

Gallic acid 

Glacial acetic acid 

Glucose 

H 

Hexane 

Hydrated ferrous sulphate 

Hydrochloric acid 

Hydrogen peroxide 

Hydroxylamine hydrochloride 

L 

Lead acetate 

M 

Methanol 

Methyl isobutyl ketone 

N 

n-butanol 

 

Nitro-blue tetrazolium 

P 

Petrolium ether 

Phenazine methosulphate 

p-nitrophenol-α-D glucopyranoside 

Potassium dichromate 

Potassium ferricyanide 
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Potassium hydroxide 

Potassium hexa metaphospahte 

Potassium sulphate 

Potassium hydroxide 

Potassium per sulphite 

Pyridine 

Q 

Quercetin 

R 

Resorcinol 

S 

Sodium hydroxide 

Sodium sulphate 

Silver nitrate 

Sodium fluoride  

Sodium nitropruside 

Sodium carbonate 

T 

Thiobarbituric acid 

Trichloro acetic acid 

V  

Vanillin 
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ABBREVIATION AND SYMBOL USED 

°C Degree centigrade 

.
OH Hydroxyl 

1
O2 Singlet oxygen 

abs Absorbance 

ABTS 2,2ʹ Azinobis-(3-ethylbenzthiazoline-6-sulfonic acid) 

ABTS
. + 

ABTS radical cation 

ACC 1-aminocyclopropane-1-carboxylic acid 

ACE Acetone 

ACO Acyl carrier protein 

AEE Ascorbic acid equivalent 

ALP Anti-lipid peroxidation 

AQ Aqueous 

ATP Adenosine triphosphate 

B Boiling 

BHA Butylated hydroxy anisole 

BHT Butylated hydroxy toluene 

BP Blood pressure 

CAT Catalase 

Chl Chloroform 

DCM Dichloromethane 

DMRT Duncan’s multiple range test 

DPPH 2,2-diphenyl-1-picrylhydrazyl 

EA Ethyl acetate 

EDTA Ethylendiamine tetraacetic acid 

ET Electron transfer 

EV Extractive vale 

EC Electrical conductivity 

GSH Glutathione 

h Hour 

H2O2 Hydrogen peroxide 
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HPTLC high performance liquid chromatography 

IC50% 50% Inhibition Concentration 

MVSP Multivariate Statistical 

 package 

MC Metal chelating 

MC % Moisture content percentage 

M molar 

mg Milligram 

min Minute 

ml Millilitre 

NA Not detected/not applicable 

 

nm Nanometre 

NO· Nitric oxide radical 

NBT Nitro-blue tetrazolium 

O
2·- 

Superoxide 

ODP Ortho-dihydric phenol 

OH Hydroxyl radical 

ONOO· Peroxynitrite 

OC Organic carbon 

OM Organic Matter 

PAL Phenylalanine Ammonia Laze 

PC Principal component 

PCA Principal component analysis 

PMS Phenazine methosulphate 

PPO polyphenol oxidase 

RNS Reactive nitrogen species 

RO· Alkoxyl 

ROO· Peroxyl 

ROC Reactive Oxygen Species 

rpm revolution per minute 

SD Sun drying 

SE Standard error 
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SO Super oxide 

SOD Super oxide dismutase 

TBA Thiobarbituric acid 

TCA Trichloro acetic acid 

TP Total phenol 

TFC Total flavonol content 

TF Theaflavin 

TR Thearubigin 

TLC Total liquor colour 

TV Tocklai vegetative 

VIT Vitamin 

α-Amy α-Amylase 

α-Glu α-Glucosidase 

μl Micro litre 

μg Micro gram 

β Beta 

Ø Ring cleavage  
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