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ABSTRACT  
Green tea is one of the essential beverage which have several beneficial effects on health as it constiutes high 
polyphenolic content in green tea leaves. The major polyphenolic compounds in green tea are catechins, which 
mainly include (-)-epigallocatechin gallate (EGCG), (-)- epigallocatechin (EGC), (-)-epicatechin gallate (ECG), and 
(-)- epicatechin. The article is aimed to find out the various method for extraction of several constituents of 
polyphenols and flavanoid, caffeine, and pigments which are all present in the green tea, as we know the 
physicochemical properties of tea extracts are significantly affected by the extraction method which makes vary in 
the percentage yield of these constituents and their antioxidant activities were evaluated by DPPH radical 
scavenging method. They are extracted and isolated using the defined method. The process of estimation of these 
catechin is similar to other catechins as they constitute of similar moeity i.e, polyphenol using the HPLC- PDA and 
the mobile phase used is acetonitrile: methanol at a flow rate of 1ml/min. 
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1. Introduction 
Green tea is one of the well-known beverage which is most consumed after the water and famous as a “morning 
drink” among people worldwide due to its many beneficial effects on health and antioxidant properties cure the 
patient of several diseases such as cancer, tumor, respiratory diseases, neurological disorders, muscle illness, and 
control aging process(3). Apart from it, green leaves are also used as vegetables such as “leppet tea” in Burma and 
“Meing tea” in Thailand. 
Green tea consists of several phytochemicals such as Ascorbic acid, Tocopherols, Carotenoids, and other 
Polyphenolic compounds basically, green tea is rich in catechins and caffeine. Catechins are polyphenols that belong 
to the flavonoid group considered as flavan-3-ol. Common catechins found in tea are (-) epigallocatechins, 
epigallocatechin-3- gallate, (-) epicatechin -3- gallate and (-) epicatechin(4).  Catechins give the bitterness and 
astringency taste to the green tea and are colorless and water-soluble compounds concerning the toxicity of 
catechins, there is no study is conducted that shows any toxic effect to the animals(5). Tea seed oil is used as a 
lubricant but not economical. They also contain saponins but in poor quantity so cannot be used as fertilizers and 
animal feed but can be used as nematocide(6). 
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Tea (Camellia Sinensis) plants belonging to the Theaceae family are known to contain the higher antioxidant 
compound. According to the latest research till 2000 there are 325 species discovered which high out- breeding 
nature of the genus as there were only 82 species in 1958. (6) There are three main varieties of tea are: - 
a) Camellia sinensis l. China type or Kunzte  

b) C. assamica Assam type or Masters 

c) Cambodia type or Southern type   

Based on the Fermentation Tea is also classified as: - 

Fermented tea: - Black teas are fully fermented. Tea from Black tea leaves have a dark red colour and a sweet 
aroma of malt sugar. Example: -Black Tea  

Non-fermented tea: - These teas generally do not undergo fermentation but can go light fermentation under some 
circumstances. Example: - Green tea, White tea. 

Semi- fermented tea: - Tea which is allowed to undergo 10% to 80% fermentation. These are further classified as: - 
Light (10% to 20%), Medium (20% to 50%), and Heavy (50% to 80%). Example:- Jasmine Tea, Oolong Tea(1)(7) 

Tea is a perennial evergreen plant that requires humid and warm environmental conditions. Widely planted in 
tropical and subtropical areas and grow on well-drained acidic soils (PH-4.5 to 6.0). The original type or “the 
primary center of origin” in Southeast Asia. Tea plants are mainly cultivated in India, China, Japan, Taiwan, Sri 
Lanka, Indonesia, Central Africa, Kenya, the northern region of Iran, Gulian and Mazandaran are an important 
region which contributes in tea production. (6)(8) 

The teabags had the highest concentration of total catechins with 5 to 9.5% followed by the extract with 3.64 to 
4.88% and ready-to-drink green tea beverages should low levels of catechins. (3) 

2. Processing: - Six different types of processed tea are produced from fresh tea leaves, usually using the apical bud 
and the next four to five leaves on the growing shoots. These are black, green, oolong, yellow, Pu-erh, and white 
teas. Black tea is the most consumed tea, account for 78% then green tea 20% consumption and rest 2% 
consumption. (6) 

Green tea produced by first quickly inactivating the oxidative enzymes in the fresh leaves under heat, then rolling 
the leaves and finally drying to obtain dried green tea as we knew it is a rich source of caffeine, catechins, and 
theanine, and caffeine accounts for 14-28mg/g of tea leaf it varies from different grade. (9) 

Tea catechins can be isolated in the form of crude extract, catechin mixtures, and individual catechins but the 
challenges are heat, enzyme, and high PH which is needed to be well controlled because they can be unstable under 
certain condition. (10)(9)  

For example- C.sinensis, C.ptilopbylla, C. Assanica. 

3. Economic importance 

India is the largest manufacturer of tea in the world (contributing 28 percent) and an important exporter (accounting 
for 13 percent of world exports). Certain varieties of tea (like Darjeeling)  and others are grown only in India and are 
in great demand across the world. Hence the role of the government is crucial for the development of the tea 
industry. A comprehensive plan of action should be implemented for its development. (11)  In 2017, total tea 
production accounted 
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for 5.98 million tonnes, of which approximately 35 percent and USD 8 billion was exported in the same year, the 
sector had a retail value of approximately USD 50 billion which was growing tentatively year by year worldwide. 
(8)  
 

4. Benefits: - 

Catechins have the potential to improve the shelf life of food products and provide antioxidants to consumers. 

In the food industry, catechins especially EGCG provide lipid oxidation of food, meat, and meat product. Generally, 
industry uses synthetic antioxidant i.e., BHA, BHT, tertiary butyl hydroquinone which is inexpensive and effective 
but they are toxic at high concentration. (7) 

Catechins also prevent the growth of bacteria. For example: - it inhibits the growth of clostridium and bacillus, 
basically EGCG AND ECG. 

Tea catechins are also added to vegetable oils, cakes, starch, bread, and juice to enhance shelflife and health 
benefits. (7) 

Even the beta-carotene, pheophytin, chlorophyll, xanthophylls, pheophorbide have many beneficial effects as they 
have antioxidant properties. (12) 

5. Analytical Methods for Extraction, Isolation, And Characteristics 
A. Decaffeination of green tea – why important?? 

Caffeine is considered to have a stimulant effect which is widely used by people around the world. Caffeine 
concentration varies from plant to plant: - 

Dried green tea contains a high level of caffeine (2 to 5 % dry weight), dried coffee beans (3% of dry weight) but 
which is higher than normal tea (20-40 mg).  

The study reveals the caffeine consumption with various human health benefits such as enhancement of cognitive 
functioning, improvement of neuromuscular coordination, the elevation of mood and relief of anxiety, and 
stimulation of the central nervous system and the cardiac muscle. Therefore, caffeine has been used as an additive 
for soft drinks and energy drinks. Approximately 74% of total caffeine production is utilized for beverages, 25% of 
total caffeine for pharmaceutical purposes, and the rest for others. Green tea is such a potential alternative source for 
producing commercial quantities of caffeine because contains high levels of caffeine other than coffee beans. 

Caffeine risks: - arrhythmia, tachycardia, vomiting, convulsion, coma or even death, reduced bone mass and 
increased fracture risk in some person, irritation of GI tract. Due to these problems, there is increased demand for 
decaffeinated versions of beverages. (13) 

B. Caffeine extraction: -  
a) Liquid-liquid extraction of caffeine: - Generally dichloromethane is the most widely used solvent and its 

efficiency to extract caffeine is 98-99 percentage. The extraction process starts from mixing the solution prepared 
and dichloromethane in 25:25 ml and stirring for 10 minutes and using a separating funnel, caffeine was extracted 
from the solution. The extraction of caffeine is carried out four times with 25ml dichloromethane at each round and 
crude caffeine was recrystallized using a mixed solvent system that involves dissolving it with 5ml hot acetone 
followed by the addition of hexane until the solution becomes cloudy. The solution was cooled and crystalline 
caffeine was collected by vacuum filtration(7)(14). 

b) Decaffinationation using co:
R2R- It comes into the picture when the consumer shout for the purest decaffeinated 

product as the chemical comes into the product during Decaffeination using organic solvents to overcome the 
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problem supercritical fluid extraction with coR2R is used for decaffeination(7). The process starts with grinding the 
leaves into the small particle size which is then soaked into the solvent (95:1) Ethanol: Water and loaded to 
extraction vessel and liquid co R2R is pumped at a designated pressure and backpressure is monitor significantly. CoR2R is 
heated and pumped into the vessel to extract the caffeine. Caffeine is separated from coR2R in other sections by 
reducing the pressure(7)(15). 

c) Citric acid water extraction: -10g of green tea was added into 300ml of water at 80 degrees Celsius for 40 min. 
The extract was filtered through 110mm filter paper. The supernatant was extracted three times using 1.5l Ethyl 
acetate in each process. The organic phase was re-extracted with1.5l aqueous citric acid solution three times to 
separate caffeine. The concentration of the citric acid solution is 10mg/l. The ethyl acetate phase containing caffeine 
was dried and concentrated under reduced pressure(16).  

The percentage of caffeine is calculated as - = 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑎𝑓𝑓𝑒𝑖𝑛𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡𝑒𝑎 𝑠𝑎𝑚𝑝𝑙𝑒

∗ 100 

The aqueous extract was evaporated down to 300ml then freeze-dried and weighed. 

d) Subcritical water extraction (SWE) for tea extraction: - SWE is also one of the latest methods for caffeine extraction 
using a toxic-free solvent. It is the method where hot water-assisted extraction is performed at 100 ° C to 374 ° C, 
and at 10 to 60 bar pressure until water is in the liquid state. The action behind it is at 250 degrees Celsius dielectric 
constant of water becomes equal to ethanol and hence caffeine and polyphenol are extracted in good quantity than 
conventional methods. (17) 
 

C. Catechin extraction 
a. Ethanol extraction: - 10g of green tea sample was soaked in 75% ethanol at 30 degrees Celsius for 10 min (Tea: 

Solvent- 1:60w/v). The infusion was filtered and caffeine is extracted by ethyl acetate. The filtrate was concentrated 
by a rotary evaporator under reduced pressure finally dried by vacuum at 55°c ± 2°c to obtain catechins. The 
calculation is done using the below formula. (16) 

b. Two-step water extraction: - 10g of green tea soaked in 300ml of distilled water. The first soaking step was carried 
out at 50°c for 10min. The tea leaves remove for some time then pre-soaked into the fresh portion of HR2RO for 
another 10min at 80°c. The aqueous infusion is combined and repeated three times. The filtered samples were 
partitioned with chloroform to separate caffeine. The aqueous phase was then extracted with ethyl acetate to obtain a 
catechins mixture. The calculation is done using the below formula. (16)(17)  

c. High-temperature pre-treatment water extraction: - The 10g of ground leaves of green tea were extracted with 
300ml of pure water at 100°c for 3 min to remove caffeine from leaves. Then these leaves are removed and soaked 
in other 200ml water at 80°c for 40 min. (16) The water phase was separated and extracted with chloroform to 
obtain caffeine. The aqueous layer was re-extracted with ethyl acetate to obtain a catechin mixture. This method can 
lead to the degradation of polyphenols and caffeine so the ultrasound-assisted extraction (USE) method can be 
employed to get a better result. The calculation is done using the below formula. (17) 

d. Water extraction at 80°c: - it is one of the best yielding processes. It involves 10g of ground leaves of green tea 
were extracted with 300ml pure water at 80°c for 40 min. The leaves were removed using filter paper of pore size 
5µm. The aqueous tea infusion was initially partitioned with chloroform and the second portion is partitioned with 
ethyl acetate. The calculation is done using the below formula. (16) 

The percentage catechin is calculated as - =  𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑎𝑡𝑒𝑐ℎ𝑖𝑛𝑠 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡𝑒𝑎 𝑠𝑎𝑚𝑝𝑙𝑒

∗ 100  

D. Pigment extraction (chlorophyll and carotenoids):  - 

Take ten gram of sample powdered and extracted by using a mixture solution of acetone: methanol (3:7 v/v) then the 
calcium carbonate was added as a neutralizing agent and sodium ascorbate as an antioxidant to prevent oxidation. 
The extraction was done fast to avoid further oxidation. The extract was filtered and the extract was re-extracted 
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until the color of residue become pale as an indicator of complete pigment extraction. The resultant extract was 
partitioned with diethyl ether and later the dimethyl ether is removed by nitrogen gas. (12) 

E. Isolation Of Individual Catechins 

Isolation of individual catechins from their mixture is a challenge because their structure and molecular weight are 
very similar. Countercurrent chromatography is used to separate them. The counter-current chromatography is done 
using the two different solvent mixtures flowing in opposite direction i.e, water: chloroform (1:1 v/v) then isolate the 
individual catechin using Sephadex LH-20 eluted with ethanol. The column chromatography includes several solid 
support phases that include Silica gel, Alumina, and Sephadex based on the different affinities of the individual 
catechins for the column material and then separated by differentially eluting the catechins with various solvents.  

6. Characteristics of green tea plants 
a) stem- Occasionally grow into a small tree but usually flowers and fruits as a shrub 2-4m tall. 
b) leaves- leaf blades about 10*3.5cm, margin toothed from the base to the apex with about 30-40teeth on each side of 

the midrib. Lateral veins from loops well inside the blade margin, twigs, petiole grooved on the upper surface. 
c) flowers- flowers pleasantly perfumed, calyx lobes dimorphic, outer three about 10-14 long. Ovary longitudinally 

ribbed, densely clothed in straight, white, appressed hair, ovules about 4-6 per lobule. 
d) fruit- Capsules usually 3- lobbed and broader than long with one seed in each lobe. Seeds about 10-15* 10-

12mm(6). 
7. Analysis of green tea and phytoconstituents using HPLC 
a) Sample preparation:- Take freeze-dried leaves (2g) then added to 100ml of conical flask contains 40ml of 80% 

methanol. Later add 6ml of 6M HCL was added and the mixture was reflux for 2h at 90 degrees Celsius. Then the 
filtration of the mixture using Whatman NO.1 filter paper and the filtrate was evaporated to dryness using a 
vacuumed rotary evaporator. The dried extract was dissolved in methanol and stored at -20degree Celsius for further 
studies then using HPLC phenolic content is determined as well as a flavonoid. 
OR 
Green tea leaves were washed with distilled water and dried at room temperature in the dark. Leaves are powdered 
using blender and coffee beans were screened through 250 micrometers to get the uniform texture and weigh 
accurately to 50mg each and dissolved in 25ml of distilled water and solution is stirred for one hour using a 
magnetic stirrer heated gently to remove caffeine from solution and solution is filtered using glass filter. 

8. Analysis of phenolic and flavonoid compounds by RP-HPLC:- High-Performance Liquid Chromatography 
(HPLC) grade methanol and acetonitrile were procured from LOBA CHEMICALS Five flavonoid standards; (−)-
EC, (+)-catechin (C), EGC, EGCG, ECG were obtained from SIGMA CHEMICAL CO. Caffeine was supplied by 
Wako (Japan). Double distilled water was obtained from a Mili-Q purification system. 

Both qualitative and quantitative analysis of C. Sinensis extracts were analyzed on a Shimadzu HPLC System 
equipped with a photodiode array detector (PDA). A C18 Synergi column (250 × 4.6 mm) was used. The column 
temperature was maintained at 40°C. A binary solvent system of acetonitrile (solvent A) and double distilled water 
(solvent B) was used and finally washing the column with 100% methanol for 30 min and reconditioning with 
acetonitrile and water (1:1) isocratic for 5 min. The mobile phase was degassed before HPLC injection. The flow 
rate was set at 1.00 mL/min. The Signal was monitored at 280 nm. Data acquisition was performed using LC system 
software (SHIMADZU, JAPAN). 

All standard solutions were prepared in methanol. Calibration curves were obtained for C, EGC, EGCG, CAF, and 
ECG using a series of standard solutions over four-point concentrations (25–500 μg/mL). All calibration curves 
were linear over the concentration ranges tested with correlation coefficients ≥0.998. (18) 
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9. DETERMINATION OF ANTIOXIDANT ACTIVITY 
1. The antioxidant activity can be determined by using the DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical 

scavenging assay. The lower absorbance value of the reaction mixture indicates higher free radical scavenging 
activity. The free radical scavenging activity is expressed as a percentage of inhibition. 

                                                 % 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝐷𝑃𝑃𝐻 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 𝐴0−𝐴1
𝐴0

× 100  

       Where AR1R is the absorbance of the test sample and AR0R is the absorbance of the blank sample 

       The value of each test sample was present as an inhibition curve at 50% or ICR50. 

2. Another method of determination of antioxidant activity is FRAP( ferric – reducing antioxidant power) assay was 
performed to calculate antioxidant power expressed as µmol ferrous gP

-1. 
PAntioxidants in the sample reduced the fe P

3+
P/ 

tripyridyltriazine complex to blue–colored ferrous form with an increase in absorbance to 593nm. (18) 
10. Conclusion  

Isolation and extraction of tea polyphenol is a complex mechanism as it involves chances of oxidation leading to 
degradation of these bioactive molecules and further removal of caffeine make the process tougher and challenging 
so the researcher develops several methods for extraction, Isolation, estimation, and the characteristics, and 
antioxidant properties of green tea was also studied to know better about the green tea plants and their parts. It also 
includes the method for the determination of polyphenols and antioxidant properties. This study also gives a better 
outlook to choose the option of selecting method which is most feasible for obtaining better yield which is helpful in 
the food industry, chemical industry, and other several industries. 
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