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Introduction 
 

Assam produces about 51% of the tea 

produced in India and about 1/6th of the tea 

produced in the world. India produced around 

1267 million kg of tea in 2016-17 

(Anonymous, 2017). Though, Assam is well 

known for black tea, small tea growers in 

Assam and other North Eastern states of India 

have started making green tea. The concept of 

small tea garden (STGs) is a recent 

phenomenon and the first small tea garden 

was established in Sivasagar District (present 

Golaghat district) of Assam in the year 1978. 

The concentration of small tea garden is the 

largest in Assam followed by West Bengal, 

Tamil Nadu, Kerala, Tripura, Arunachal 

Pradesh, Himachal Pradesh, Mizoram, 

Meghalaya and Bihar (Goowalla et al., 2015). 

Green tea components possess antioxidants, 
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Considering lack of research on biochemical analysis of green tea manufactured 

by gradually increasing small tea growers of Assam and to know the changes of 

the phytochemicals taking place during traditional processing, the present 

investigation was carried out. The present investigation revealed that the 

phytochemicals in green tea changed significantly during processing from fresh 

leaves to final product. Due to processing, the constituents like ash, total 

chlorophyll content, total phenol, ascorbic acid and antioxidant activity in terms of 

DPPH scavenging decreased from 5.90% to 4.19%, 1.82 mg/g to 0.67 mg/g, 48.70 

% to 20.72%, 45.90 mg /100 g to 9.31 mg/100 g and 83% to 76.02%, respectively. 

Boiled, rolled and dried green tea samples revealed the highest content of ascorbic 

acid (14.63 mg/100 g) and antioxidant activity in terms of DPPH scavenging 

(84.17%) among four types of final products of green tea. The highest total phenol 

content (24.55%) was found in green tea processed through boiling, rolling and 

pan firing and the highest (0.85 gm/g) chlorophyll content was found in steamed, 

rolled and pan fired green tea. 
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antimutagenic, and anticarcinogenic activity 

(Lui et al., 2008). Green tea consumption has 

also been linked to the prevention of many 

types of cancer, including lung, colon, 

esophagus, mouth, stomach, small intestine, 

kidney, pancreas, and mammary glands (Koo 

et al., 2004).  

 

Green tea is sold as fresh or dried unfermented 

leaves. In green tea production, the young 

leaves are not allowed to oxidize. Instead, they 

are heated, which inactivates the enzymes (i.e. 

polyphenol oxidase), thus preserving the 

polyphenols. The fresh green leaves are 

steamed or boiled, rolled, and finally dried or 

pan-fired. The way the tea leaves are rolled 

determines the ultimate flavour of the tea. 

Another factor that decides the quality of the 

green tea is the plucking standard followed. 

Tender tea leaves and buds are manually 

plucked by skilled women workers from the 

tea plants after a fixed duration. Ideal plucking 

period for making a good quality green tea is 

5-8 days (Rahman et al., 2013). 

 

Green tea is processed using either artisanal or 

modern method. Sun drying, basket or 

charcoal firing or pan firing are common 

artisanal methods and oven drying, tumbling 

or steaming are common modern methods. In 

Assam, besides modern method, different 

traditional methods of manufacturing green 

tea are also popular among different ethnic 

groups of Assam.  

 

Quality of tea is mainly reflected in its smell 

and taste, which are generated by volatile and 

non-volatile organic compounds present in the 

tea. The concentration of foliar chemical 

compounds has an important impact on the tea 

infusions flavour, smell and other factors that 

make up the tea quality (Chen et al., 2008).  

 

The chemical composition of tea depends on 

growth of the plants, clones of tea, 

horticultural practices, soil, growth altitude, 

plucking season, sorting, grading, 

manufacturing or processing methods such as 

extraction, storage and drying of tea 

(Choudhury, 2010). Polyphenols content, the 

content of PPO (polyphenol oxidase) enzyme 

showed variation among different tea clones, 

which also influenced the final tea quality, and 

the ratio between PPO and its substrate 

(catechins) was used to characterize the 

potential quality of tea clones. In Assam, 

among Tocklai vegetative (TV) clones, TV 

1,TV 9,TV 19,TV 23 and TV 26 are very 

popular among tea growers. TV 23 was found 

to be highly tolerant to drought among the TV 

clones. Moreover, TV 23 has also been 

reported to have high yield and average 

quality and is also one of the most preferred 

clones by the present day tea growers of 

North-East India. 

 

The polyphenol have the highest 

concentrations in fresh leaves. As the leaves 

are heated, rolled, and dried during 

processing, the catechin content decreases as 

leaves undergo oxidation, hydrolysis, 

polymerization and transformation. 

Chlorophyll, the main pigment in fresh and 

dried tea leaves, is reduced by approximately 

half from fresh shoots to dried shoots by 

increased temperature, and hydrolysis (Xu and 

Chen, 2002). The application of heat during 

processing also causes the oxidation of water-

soluble flavonols, which contribute to the 

yellow color of green tea infusions.  

 

Considering lack of information on quality of 

green tea as influenced by the phytochemicals 

and the changes of these phytochemicals 

during processing of green tea produced in 

Assam, the present study was done. 

 

Materials and Methods 

 

The traditional processing methods followed 

for the green tea manufacture in Assam were 

already documented by us (Neog et al., 2018). 
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The fresh tea leaves of clone TV 23 and 

traditionally manufactured four types of green 

tea samples as mentioned below and shown in 

Fig 1 were collected during 4
th

 Flush (October 

to mid November) from a small tea grower 

Shri Basanta Duwara of Geleki, Sivsagar, 

Assam.  

 

Traditionally manufactured : Boiling, rolling 

and drying 

 

Traditionally manufactured : Boiling, rolling 

and pan firing 

 

Traditionally manufactured : Steaming, rolling 

and drying 

 

Traditionally manufactured: Steaming, rolling 

and pan firing  

 

Tea leaves for green tea were plucked at the 

age of 6-8 days (a leaf and a bud) in two days 

interval.  

 

 

The ash content was determined as described 

in the AOAC (2002). The total chlorophyll 

content was determined by the method of 

Arnon (1949).The phenol content was 

determined by Folin-ciocateu method given by 

Bray and Thorpe (1954). The antioxidant 

activity was measured according to Molynux 

et al., 2012 using DPPH (2,2 diphenyl-1-

picrylhydrazyl) reagent. Ascorbic acid or 

vitamin C content was determined by the 

method described by AOAC (2002).  

 

Results and Discussion 

 

Changes in phytochemicals during 

processing 

 

The phytochemicals viz. the ash content, total 

chlorophyll content, total phenol content, 

ascorbic acid content and antioxidant activity 

(in terms of DPPH scavenging) of green tea of 

fourth flush as affected by various traditional 

processing methods are presented at Table 1 

and FIG. 2-6.  

 

The ash content, total phenol, ascorbic acid, 

chlorophyll content and antioxidant capacity 

of fresh tea leaves of TV 23 clone decreased 

during various manufacturing steps including 

heating (boiling or steaming), rolling, drying 

or pan firing. The ash content can be altered 

due to loss of inorganic constituents during 

manufacturing step such as rolling (due to loss 

of juice).  

 

Astill et al., (2001) observed that as the leaves 

are heated, rolled, and dried during 

processing, the polyphenol and catechin 

content decreased as leaves undergo oxidation, 

hydrolysis, polymerization and 

transformation. These results (20-30% loss in 

polyphenol) were in agreement with the earlier 

observation of a processed tea product with at 

least 15% less polyphenol content than freshly 

plucked tea leaves (Astil et al., 2001). The 

chlorophyll content also decreased during 

processing as compared to fresh leaves. The 

observed decrease in chlophyll for the present 

finding too, is well supported by earlier 

findings (Xu and Chen, 2002), who suggested 

that the chlorophyll was reduced by 

approximately half from fresh shoots to dried 

shoots during processing (increased 

temperature, and hydrolysis). 

 

However, absence of any particular pattern in 

content of ash during processing might be 

attributed to heterogeneous composition of 

leaves sample regarding age which was used 

to process. Earlier, the effect of leaf age on 

biochemical constituent of tea were reported 

by Mitscher and Dolby (1997), Rahman et al., 

(2013) and Prawira et al., (2018). Detection of 

higher content of certain biochemical 

constituents at some of the steps of processing 

than those detected for the fresh leaves 

(expressed on dry weight basis) might be 
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attributed to mere increase in percentage, not 

actual increase in content. This increase in 

percentage might be due to loss of some other 

biochemical components during processing. It 

has been already reported that processing of 

tea involved loss of some dry matter 

components (Ruon et al., 2010; Chen et al., 

2008; Wilson and Clifford, 1992 and Dang, 

2005). Boiling/steaming made the leaves 

softer which enhanced increased loss of water 

soluble components during rolling. 

 

 

Table.1 Changes of phytochemicals during processing of green tea 

 

Phyto 

chemicals 

 (On dry 

weight basis) 

Fresh 

leaves 

Boiled 

leaves  

Steamed 

leaves 

Boiled  

& 

Rolled 

leaves  

Steamed 

& Rolled 

leaves 

Boiled, 

rolled 

& 

dried 

leaves 

Boiled, 

rolled  

&pan 

fired 

leaves 

Steamed, 

rolled & 

dried 

leaves 

Steamed, 

rolled & 

pan fired 

leaves 

Ash(%)  5.90  4.67  5.47  4.30  5.17  4.19 4.31 4.51 5.78 

Chlorophyll 

content(mg/g)  

1.82 0.98  1.17 0.84 1.10  0.67 0.80 0.80 0.85 

Total phenol 

content (%)  

48.70  34.40  39.80 31.30 36.50  23.31 24.55 22.20 20.72 

Ascorbic acid 

content 

(mg/100g) 

45.90 22.34 19.17 19.62 

 

 

15.90 14.63 11.17 10.64 9.31 

Antioxidant 

activity, in 

terms of 

DPPH 

scavenging  

(%) 

83.00  82.47  80.02  79.23  76.40  84.17 78.46 76.02 78.91 

 

Fig.1 Green tea manufacturing process followed in traditional unit ( Neog et al., 2018 )  
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Fig.2 Ash Content (%, Dry Basis) of Green Tea 

 

 
 

Fig.3 Chlorophyll  Content (mg/G, Dry Basis) of Green Tea 

 

 
 

Fig.4 Antioxidant Activity(%,Dry Basis) of Green Tea 
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Phytochemicals in final product (green tea 

made during fourth flush) 
 

In the present study, the ash content of the 

final products of green tea processed through 

four different methods ranged from 4.19% to 

5.78%. Jayawardhane et al., (2017) reported 

that ash content of some green tea of Sri 

Lankan market, ranged from 5.0 to 6.6 %. 

Ivanisova et al., (2018) observed that ash 

content of green tea ranged from 2.13 to 

2.36%. Maheshwari and Ramchandani (2018) 

reported the ash content of green tea to be 

from 4.05 to 5.97%.  

 

Ostadalova et al., (2015) observed that the 

chlorophyll content is an indicator of 

freshness. The present findings, chlorophyll 

content (0.67 mg/g to 0.85 mg/g) was found to 

be lower than those (1.12 -1.89 mg /g, 1.18-

2.41 mg/g and 1.59-2.15 mg/g) reported by 

Gogoi and Baruah (2017), Hazarika and 

Mahanta (2000) and Prawira et al.,(2018), 

respectively.  

 

The special flavour and astringency of a tea 

brew is the result of the total tea phenol, which 

amount to 18-36 percent of the weight of the 

total dry matter of a tea leaf (Graham,1992). 

In the present study, the total phenol content 

of the final products of green tea processed 

through four different methods ranged from 

20.72 % to 24.55%. The total phenol content 

was found to be 30-40 %, 11.9-25.2% and 

29.93% as reported by Balentine et al.,(1997), 

Conrad et al., (2011) and Baruah et al.,(2012), 

respectively.  

 

The present finding of ascorbic acid content 

(9.31 mg/100 g to 14.63 mg/100 g) was found 

to be comparable with those (21-48 mg/100 g 

and 3-178 mg/100g) reported by Rahman et 

al., (2013) and Somanchi et al., (2017), 

respectively.  

 

In the present study, the antioxidant activity as 

expressed in terms of DPPH scavenging was 

found to be 76.02% to 84.17 %. Earlier, 

92.1%, 69 %, 88.3-94.3 % activity were 

reported by Yashin et al.,(2011), Obaidi and 

Sahib (2015) and Karori et al., (2014), 

respectively. 

 

Among the traditional manufacturing 

processes of green tea of Assam, it was 

observed that the highest amount of losses of 

total phenol and ascorbic acid were associated 

with steaming and pan firing, while those of 

ash and chlorophyll content were associated 

with boiling and drying. The loss for 

antioxidant activity was the maximum for the 

process steaming and drying. The antioxidant 

activity can be positively correlated with 

ascorbic acid and total phenol content. The 

boiling method of inactivation of enzymes is 

more efficient in comparison to steaming for 

better retention of green tea phytochemicals 

viz total phenols and ascorbic acid. 
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