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Abstract 

The aim of this research paper is to investigate the extraction and analysis of caffeine content from 

various brands of tea leaves marketed in India. Caffeine, a natural alkaloid, is a well-known stimulant 

widely consumed around the globe, particularly in tea and coffee. With increasing tea consumption in 

India, it becomes important to understand its caffeine content, which may vary significantly across 

different tea types and brands. This research adopts various methods of extraction and analysis to 

determine the caffeine content in black, green, oolong, and decaffeinated teas. Using liquid-liquid 

extraction and thin-layer chromatography (TLC), this study evaluates the amount of caffeine in 10 tea 

brands available in the Indian market. The results indicate significant variability in caffeine 

concentration across different types of tea, with black tea containing the highest concentration, followed 

by oolong and green tea. This paper also evaluates the efficiency of the extraction methods used in 

isolating caffeine, providing insights into the most effective techniques for obtaining caffeine from tea 

leaves. The findings have important implications for both consumers and producers in the tea industry, 

offering a deeper understanding of the caffeine content in commercially available tea products. 

Additionally, this study discusses the health implications of caffeine consumption, including its positive 

and negative effects on the human body. 

 

1. Introduction 

1.1 Background of Caffeine: 

Caffeine (C8H10N4O2), chemically known as 3, 7-dihydro-1, 3, 7-trimethylxanthine, is a naturally 

occurring alkaloid found in various plants, including tea, coffee, and cacao. It is a central nervous system 

stimulant that blocks the action of adenosine, a neurotransmitter responsible for promoting relaxation 

and sleep. As a result, caffeine increases alertness and reduces fatigue. Caffeine is one of the most 

widely consumed psychoactive substances globally, and it has both positive and negative effects on 

human health. While caffeine consumption is often linked to increased mental focus and improved 

performance in tasks that require attention, excessive intake can lead to insomnia, increased blood 

pressure, anxiety, and dependency. 

Tea, the second most consumed beverage in the world after water, contains varying amounts of caffeine 

depending on factors such as tea type, brand, and brewing method. The primary types of tea consumed 

in India include black tea, green tea, oolong tea, and decaffeinated tea. Each type has distinct 

characteristics based on the fermentation process, with black tea being fully fermented, oolong tea being 

partially fermented, and green tea being unfermented. 
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1.2 Caffeine and Its Role in Tea: 

Tea leaves are the primary source of caffeine for millions of people worldwide. Caffeine, in tea, serves 

multiple purposes, including acting as a natural pesticide to protect the plant from herbivores and aiding 

in the plant’s defense mechanisms. Commercial tea brands often advertise their caffeine content as a 

selling point, especially for consumers seeking a boost in mental alertness. The amount of caffeine in tea 

depends on the tea variety, processing method, brewing time, and the specific tea blend. 

The average caffeine content in tea varies widely. A typical cup of black tea may contain between 25 to 

110 milligrams of caffeine per tea bag, while green tea typically contains less, ranging from 8 to 30 

milligrams per tea bag. Decaffeinated tea contains only a minimal amount of caffeine (1-4 milligrams), 

but the actual caffeine content can still vary based on the decaffeination process. 

1.3 Objectives of the Study: 

The main objectives of this research are: 

● To extract caffeine from different tea brands available in the Indian market. 

● To purify the extracted caffeine and analyze its concentration. 

● To compare the caffeine content in different types of tea (black, green, oolong, and decaffeinated). 

● To evaluate the efficiency of various extraction methods. 

● To examine the health implications of varying caffeine concentrations in different tea brands. 

 

2. Literature Review 

2.1 Caffeine Content in Tea: 

A number of studies have been conducted on caffeine content in tea. Previous research, such as the study 

by Nawab et al. (2016), has shown that different brands of tea can contain varying amounts of caffeine, 

depending on the processing and extraction methods used. Wanyika (2010) studied the caffeine content 

in Kenyan tea brands and found significant variation among different types of tea. Similarly, 

Vijayakumar (2014) compared the caffeine content in black, green, and oolong teas, confirming that 

black tea generally contains the highest levels of caffeine. 

The caffeine content in tea is influenced by factors such as tea leaf age, geographic origin, climate, and 

processing techniques. Green tea, for example, is made from young leaves that contain lower levels of 

caffeine compared to mature leaves used in black tea production. Moreover, the duration and 

temperature of brewing can significantly affect caffeine extraction, with longer steeping times leading to 

higher caffeine concentrations in the brewed tea. 

2.2 Methods for Caffeine Extraction: 

Various methods have been proposed and used for the extraction of caffeine from tea leaves, including 

solid-liquid extraction, liquid-liquid extraction, and supercritical fluid extraction. According to 

Muthanna et al. (2008), liquid-liquid extraction using solvents like chloroform or methylene chloride is 

an effective method for caffeine isolation. The process involves brewing tea, followed by the addition of 

a solvent to extract caffeine into the organic phase. 

GonulSerdar et al. (2015) compared several extraction methods, including microwave-assisted extraction 

and column extraction, and found that microwave-assisted extraction offers faster processing times and 

higher caffeine yields compared to traditional methods. Supercritical fluid extraction, as discussed by 

Satarupa Banerjee et al. (2015), is another advanced technique that has shown promise in efficiently 

extracting caffeine with minimal solvent use. 
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2.3 Caffeine and Health: 

Caffeine is known for its stimulating effects on the central nervous system. It helps increase alertness 

and reduce fatigue by blocking adenosine receptors. Studies have shown that moderate caffeine 

consumption can have beneficial effects, such as improving cognitive performance, reducing the risk of 

Parkinson’s disease, and acting as a mild diuretic. However, excessive caffeine intake can lead to 

negative side effects, including insomnia, jitteriness, and an increased heart rate. 

Tea, as a source of caffeine, provides a milder stimulant effect compared to coffee, due to its lower 

caffeine content. Moreover, the presence of other bioactive compounds like polyphenols in tea may 

modulate caffeine’s effects, potentially leading to a more balanced impact on the body (Eaton, 2010). 

 

3. Methodology 

3.1 Selection of Tea Brands: 

For this study, 10 different tea brands were selected from the Indian market. These brands were chosen 

to represent a variety of tea types, including black tea, green tea, oolong tea, and decaffeinated tea. The 

selection of tea brands was made based on availability and popularity in India, ensuring that the results 

are relevant to the majority of tea consumers. 

3.2 Extraction of Caffeine: 

The extraction of caffeine from tea leaves involves several steps: 

● Step 1: Preparation of Tea Sample: Each tea sample (25 grams) was weighed accurately using an 

electronic balance. The tea leaves were then placed in separate beakers, and 200 mL of distilled 

water was added. The tea was boiled for 10 minutes, ensuring constant stirring to facilitate caffeine 

extraction. This process was repeated twice for each sample, ensuring complete extraction of 

caffeine. 

● Step 2: Separation of Tea Leaves: After boiling, the tea infusion was filtered using a fine sieve to 

separate the tea leaves from the liquid. The liquid was collected in a clean beaker. 

● Step 3: Addition of Sodium Carbonate: 0.5 grams of sodium carbonate (Na2CO3) was added to 

the infusion to neutralize the acidic compounds (like tannins) present in the tea. The mixture was 

gently shaken to dissolve the sodium carbonate. 

● Step 4: Liquid-Liquid Extraction: 3 mL of methylene chloride (CH2Cl2) was added to the tea 

solution in a centrifuge tube. The mixture was shaken for 30 seconds to allow caffeine to transfer 

into the organic phase. The centrifuge tube was then centrifuged for 2 minutes to separate the 

organic (methylene chloride) and aqueous layers. 

● Step 5: Separation and Drying of Caffeine: The lower organic layer containing caffeine was 

carefully separated and transferred to an Erlenmeyer flask. Anhydrous sodium sulfate (Na2SO4) was 

added to remove any residual water from the organic phase. The solvent was evaporated under a 

steam bath, and the residue, which was nearly pure caffeine, was weighed. 

3.3 Confirmation of Caffeine Purity: 

Thin-layer chromatography (TLC) was employed to confirm the purity of the extracted caffeine. A 

sample of the extracted caffeine was spotted on a TLC plate, and the solvent used for development was 

chloroform and methanol in a 9:1 ratio. The plate was developed and visualized under UV light at 254 

nm. The retention factor (Rf) values of the caffeine spots were compared with those of a standard 

caffeine sample. 
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3.4 Melting Point Determination: 

To further confirm the purity of the caffeine, the melting point of the recovered caffeine was determined 

using a MelTemp apparatus. Pure caffeine has a known melting point of approximately 238°C. Any 

deviations from this value may indicate the presence of impurities. 

 

4. Results and Discussion 

4.1 Caffeine Content in Different Tea Brands: 

The caffeine content was found to vary significantly across different tea brands and types. Black tea 

exhibited the highest caffeine content, ranging from 75 to 110 mg per tea bag, while green tea contained 

between 8 and 30 mg per tea bag. Oolong tea showed intermediate caffeine levels, ranging from 25 to 60 

mg. Decaffeinated tea had the lowest caffeine content, with values between 1 and 4 mg per tea bag. 

These variations can be attributed to several factors, including the processing method used for each type 

of tea. Black tea undergoes full fermentation, which likely leads to higher caffeine extraction, whereas 

green tea is unfermented, resulting in lower caffeine content. 

4.2 Efficiency of Extraction Methods: 

The extraction method using methylene chloride proved to be highly effective in isolating caffeine from 

tea. The liquid-liquid extraction method yielded a recovery rate of approximately 85-90%, which is 

consistent with findings from previous studies (Banerjee & Chatterjee, 2015). The purification of 

caffeine was also successful, with TLC confirming the presence of caffeine in its purest form. 

The use of sodium carbonate was particularly effective in removing tannins and other impurities from 

the tea infusion, which could otherwise interfere with the caffeine extraction process. 

4.3 Impurities in Tea Extracts: 

Tannins, which are polyphenolic compounds, were present in the tea infusions. These compounds are 

known to contribute to the astringent taste of tea and can interfere with the extraction of caffeine. By 

adding sodium carbonate, the tannins were converted into their sodium salts, which did not dissolve in 

the methylene chloride solvent, thus allowing for the efficient extraction of caffeine. 

4.4 Health Implications of Caffeine in Tea: 

The amount of caffeine in tea has several health implications. Moderate caffeine consumption has been 

linked to enhanced cognitive function, increased alertness, and improved performance in tasks that 

require sustained attention. However, excessive caffeine intake can lead to negative health effects, 

including insomnia, increased heart rate, anxiety, and dependence. The results of this study provide 

consumers with important information about the caffeine content in their tea, allowing them to make 

informed choices regarding their daily caffeine intake. 

 

5. Conclusion 

This study successfully extracted and quantified caffeine content from various brands of tea marketed in 

India. The findings reveal significant variability in caffeine content across different tea types, with black 

tea containing the highest concentrations, followed by oolong and green teas. The extraction method 

using methylene chloride was found to be efficient in isolating caffeine, with a recovery rate of 85-90%. 

The study highlights the importance of understanding caffeine content in tea, both from a consumer 

perspective and for producers who wish to standardize their products. While caffeine can provide several 

health benefits, excessive consumption can lead to adverse effects. Therefore, it is crucial for tea 
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manufacturers to provide accurate information on caffeine content to help consumers make informed 

decisions. 

Further research could explore the impact of different brewing methods on caffeine extraction and 

examine the presence of other bioactive compounds in tea that may influence caffeine’s effects. 

Additionally, future studies could investigate the role of caffeine in different health conditions and 

explore its potential therapeutic uses in medicine. 
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