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Abstract:  Caffeine and some catechins in coffee leaves were preliminarily investigated. 

To make coffee leaf tea, coffee leaves were roasted for 6 min. at 100±10 ๐C and then rolled 

by hand. Young leaves were roasted again at 100±10 ๐C for 1 hr and 15 min. or until the 

leaves were dry and crispy. For mature leaves, they were roasted further for 1 hr without 

rolling. To make fermented coffee leaf tea, both fresh young and mature leaves were 

crumbled and fermented for 8 hr and then roasted. Caffeine and catechins were determined 

by HPLC. The following results were obtained for fresh coffee leaves: caffeine, 1.8-3.2 

mg/g; epigallocatechin gallate, 5.5-16.4 mg/g; epicatechin gallate, 0.26-0.48 mg/g; 

epicatechin, 0.27-0.40 mg/g; and catechin, 0.05-0.18 mg/g. The amounts of caffeine and 

catechins were found to be higher in young leaves than in mature leaves.  For coffee leaf 

tea, a steeping time of at least 5 min. was suggested. It was also found that most of the 

phenolics were lower in fermented leaves than in non-fermented leaves.  

 
       Keywords:  Coffea arabica, coffee leaf, coffee leaf tea, caffeine, catechins 

_______________________________________________________________________________________ 
 

INTRODUCTION 
 

Coffee leaf tea is a herbal tisane made from the leaves of Coffea robusta or Coffea arabica. 

This tea is from the same plant that produces beans used for ground coffee. The tasty infusion has 

been consumed in Ethiopia (known as Kuti) for over 200 years. Sumatrans also drink coffee leaf tea 

rather than coffee from roasted beans because they believe the former is more nutritious. However, 

coffee leaf tea does not taste like coffee at all. The taste is found to be herbaceous and earthy with 
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sweet grassy notes in the background [1]. Coffee leaf tea may have an even higher concentration of 

antioxidants and other healthy components than do some true teas made from the tea plant, 

Camellia sinensis. Many species of coffee plant have high levels of mangiferin in their leaves; the 

Arabica coffee leaves were found to contain the highest levels of mangiferin, which was claimed to 

possess anti-inflammatory effects, reduce the risk of diabetes and blood cholesterol, and protect 

neurons in the brain [2]. 

Caffeine, a plant alkaloid, has recently attracted much scientific and public attention owing to 

its stimulatory effects [3].  Popular beverages such as coffee and true tea contain certain amounts of 

caffeine: about 74 mg/cup (237 mL) and 15 mg/cup respectively [4].  In coffee seedlings caffeine is 

distributed mainly in leaves and cotyledons, and essentially no caffeine was detected in roots or 

older brown parts of shoots [5].  It has been proposed that caffeine is sequestered in the vacuoles of 

coffee leaves as a chlorogenic acid complex [6].  Young leaves that have not fully expanded have 

the highest content of caffeine [7].  It was also found that the caffeine content in coffee leaves with 

balanced mineral nutrition was 21.9 g/kg dry weight [8].  Ashihara et al. [9] reported the caffeine 

content in coffee leaves (fresh weight): buds, 5.7 mg/g; young leaves, 7.1 mg/g; mature leaves, 2.1 

mg/g; and aged leaves, 2.4 mg/g.  Although coffee leaf tea (antioxidant content: 11.20 µmoles 

Trolox equivalent/mL of tea; caffeine content: 12 mg/250 mL) has been introduced into the market 

as a new beverage in Canada since 2015 [10], to our knowledge no data on the catechins content 

have been reported in the literature. 

It has been shown that tea confers beneficial effects to the health of consumers, including 

the reduction of cholesterol, depression of hypertension, anti-oxidation effect, anti-microbial effect, 

and protection against cardiovascular disease and cancer [11].  Polyphenols, especially catechins, 

are considered to have the main roles in these beneficial effects on human health [12]. The major 

tea catechins are (—)-epigallocatechin gallate, (—)-epigallocatechin, (—)-epicatechin gallate  and 

 (—)-epicatechin [12].  

In this study it is aimed to preliminarily investigate the presence and amounts of caffeine 

and catechins in fresh coffee leaves and coffee leaf tea. The effects of steeping time and 

fermentation of leaves on caffeine and catechins content are also investigated. 

 
MATERIALS AND METHODS 
 

Plant Materials 
 

 Leaves were harvested from organic coffee plants (Coffea arabica), 8-9 years old, growing 

under natural environment in Fang district, Chiang Mai province (altitude 479 m, 19
๐
 55‘ 8‘‘ N/ 

99
๐
 12‘ 49‘‘ E), Thailand. The developmental stages of the leaves were categorised as: 1) buds and 

young leaves (1st-4th leaves, 3-4 weeks after emergence), which are yellow-green (Figure 1a),  and 

2) mature leaves (5th-8th leaves, 5-6 weeks after emergence), which are more expanded and of 

darker green (Figure 1b). The variation in time for each stage depends upon season. 
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 (a) (b) 

Figure 1.  Coffee leaves: (a) buds and young leaves; (b) mature leaves 

 

Coffee Leaf Processing   
 Young and mature coffee leaves were picked and sorted, washed with tab water and air-

dried. One hundred grams of young leaves were roasted at 100±10 ๐C in a rotary roaster for 6 min. 

or until the leaves were soft and rollable.  The young roasted leaves were then rolled by hand, and 

after rolling they were roasted again at 100±10 ๐C for 1 hr and 15 min. or until the leaves were dry 

and crispy (Figure 2a).  For mature leaves, 100 grams of leaves were roasted at 100±10 ๐C for 1 hr 

or until the leaves were dry, crispy and loose without hand rolling since the leaf blades were too 

thick (Figure 2b).  

For fermented coffee leaves, both fresh young and mature leaves were crumbled for a few 

minutes and put in air-tight plastic bags for 8 hr.  The fermented leaves were then roasted in a rotary 

roaster at 100±10 ๐C until the leaves were dry and crispy.  All the processed leaves were kept in  

air-tight plastic bags and stored in a cool, dry place (25-28 ๐C, 60 %RH) for further analysis within 

2 weeks. 

 

   
 (a) (b) 

Figure 2.  (a) Roasted young coffee leaves; (b) roasted mature coffee leaves  
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Determination of Caffeine and Catechins 
 

To determine the relative amounts of caffeine and catechins in fresh coffee leaves,  young or 

mature leaves (1 g) were cut into small pieces and brewed in 100 mL of hot water (80±2C) for  

5 min. To compare steeping time, roasted young coffee leaves (1 g) were cut into small pieces and 

brewed in 100 mL of hot water for an allotted time, i.e. 5, 10 or 15 min.  To compare the caffeine 

and catechins content of fermented and non-fermented coffee leaves, each sample (1 g) of roasted 

coffee leaves (young or mature, fermented or non-fermented) was cut into small pieces and brewed 

in 100 mL of hot water for 5 min.  One mL of each prepared sample was filtered through a 0.45-µm 

nylon membrane filter (Nylon membrane, Filtrex, Singapore) and the filtrate kept in a 2-mL vial, 

wrapped with aluminum foil to protect from light and stored in the refrigerator (4C).  Each sample 

was analysed in triplicate. 

The determination of caffeine and catechins was performed with high performance liquid 

chromatography (HPLC) according to the method of Oliveira [13] with some modifications. The 

HPLC (Shimadzu Corp., Japan) consisted of a UV/VIS detector (model SPD-20A), a column oven 

(model CTO-10AS VP), a pump (model LC-20 AD) and a degasser (model DGU-14AM), and fitted 

with an Inersil ODS-3 column (5 µm, 4.6 x 150 mm).  The column temperature was maintained at 

45C, the flow rate was 1.5 mL/min. and the injection volume was  20 µL. Solvent A, 10 mM 

sodium phosphate buffer pH 2.6 (from ortho-phosphoric acid 85%, Merck, Germany and sodium 

dihydrogen phosphate monohydrate 99%, Merck, Germany), and solvent B (99.9% acetronitrile, 

RCI Labscan, Thailand) were the mobile phase for the gradient elution. A run time of 30 min. was 

set; solvent B was 7% from 0.01-15 min., 50% from 20-23 min. and 7% from 25-30 min. 

Caffeine and catechins in coffee leaf tea were determined by linear equations of the mixed 

standard curves prepared from 0-100 µg/mL of standard caffeine, catechin, epigallocatechin gallate, 

epicatechin and epicatechin gallate (Sigma-Aldrich, USA), all diluted with deionised water (RCI 

Labscan, Thailand). 

The data were analysed by using analysis of variance (ANOVA). Duncan’s multiple range 

tests (DMRT) were calculated to compare significant effects at p<0.05. All analyses were 

performed using Minitab 16 (©2013 Minitab Inc.). 
 
RESULTS AND DISCUSSION  
 

 Figure 3 shows an example of HPLC chromatograms of coffee leaf tea in our study. The 

relative amounts of caffeine and catechins in young and mature coffee leaves is presented in Table 

1. It was found that young leaves significantly (p<0.05) have higher amounts of both caffeine and 

catechins than do mature leaves. A similar result was reported by Fujimori and Ashihara [7], who 

found that young coffee leaves that are not fully expanded have the highest caffeine content. 

Ashihara et al. [9] also reported that buds and young leaves contain the highest concentration of 

caffeine with about one-third as much being detected in mature and aged leaves of coffee.  
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Figure 3.  Sample of HPLC chromatograms of coffee leaf tea showing peaks of caffeine and 
catechins at 270 nm. (Numbers after compound names indicate retention times in minutes.) 
 
 
Table 1.  Caffeine and catechins from fresh coffee leaves 
 

Sample Caffeine (mg/g) Catechin (mg/g) Epigallocatechin 
gallate (mg/g) 

Epicatechin  
(mg/g) 

Epicatechin 
gallate (mg/g) 

Young 
leaves 

3.21040.0035 a 0.18500.0173 a 16.35371.3048 a 0.39980.0113 a 0.48100.0307 a 

Mature 
leaves 

1.80060.1249 b 0.04750.0035 b 5.47522.0007 b 0.27050.0122 b 0.26570.0461 b 

 
Notes:  Values are expressed as means ± standard deviation (n=3). 
            Values in the same column followed by different letters are significantly different (p< 0.05). 

 
 It has been reported that caffeine biosynthesis from adenine and guanine only occurs in 

young coffee leaves whereas conversion of theobromine and caffeine occurs in mature and aged 

leaves [9]. Caffeine synthase activity therefore seems to be present in coffee leaves even after 

maturation. This is different from tea leaves, in which caffeine synthase activity disappeared after 

full development of the leaves [14]. It has been proposed that the synthesis of caffeine in buds and 

leaves of coffee plants is to prevent predation by animals [15]. In plants, caffeine and phenolics 

work as a natural defense system to deter insects and other herbivores with the bitter taste and 

stimulating qualities. Surprisingly, it is the vulnerable, growing buds and young leaves of tea and 

coffee plants that produce the highest amounts of caffeine [16]. 

Many factors affect the amount of caffeine in plucked tea and coffee leaves, which include 

the growing region, plant variety, plant age, duration of growing season, field conditions, soil 

nutrients, rainfall and stress by pests [16]. It was also shown that the position of leaves on the tea 

plant has an effect on the caffeine content. The youngest leaves at the top of the plant contain the 

highest amounts of caffeine and antioxidants [17]. 
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The effects of steeping time of the young coffee leaf on caffeine and catechins content of 

coffee leaf tea are presented in Table 2. It was found that when a longer steeping time is used, a 

higher amount of caffeine and all catechins leaches out but there is no significant difference 

between 5- and 10-min. steeping times. The steeping time of 15 min. gave the highest extracted 

amounts of all the components with significant difference at p<0.05. In preparing coffee leaf tea, 

however, we suggested a steeping time of 5 min. to get the most preferable taste. 

 
Table 2.  Effects of steeping time of young coffee leaf on caffeine and catechins content of coffee   
                 leaf tea 
 

Steeping 
time 
(min.) 

Caffeine (mg/g) Catechin (mg/g) Epigallocatechin 
gallate (mg/g) 

Epicatechin 
(mg/g) 

Epicatechin 
gallate (mg/g) 

  5 4.68311.3502 a 0.36970.1088 a 16.86614.0079 a 1.35510.0756 a 0.90890.1621 a 
10 7.32051.7999 a 0.49540.1009 a 21.85985.3695 a 1.47400.0695 a 1.20870.1792 a 
15 11.44210.6093 b 0.86490.0869 b 37.69507.2511 b 1.71910.0794 b 2.39860.5200 b 
 
Notes:  Values are expressed as means ± standard deviation (n=3). 
            Values in the same column followed by different letters are significantly different (p< 0.05). 
 

The relative amounts of caffeine and catechins in different coffee leaf teas are presented in 

Table 3. Young, non-fermented coffee leaf tea has significantly higher amounts of caffeine, 

epigallocatechin gallate and epicatechin than young, fermented coffee leaf tea but the values for 

catechin and epicatechin gallate were not significantly different. Mature coffee leaf tea has higher 

amounts of catechin and epicatechin, whereas the values for caffeine, epigallocatechin gallate and 

epicatechin gallate are not significantly different. However, it is observed that most of the values for 

the catechins are lower in fermented leaves except those for epicatechin gallate and caffeine in 

mature, fermented coffee leaves although they are not significantly different. Mature leaf teas, both 

fermented and non-fermented, were found to have a higher amount of catechin than young, 

fermented or non-fermented leaf tea. This result does not match our previous results in Table 1 for 

fresh coffee leaves. The rolling process of young leaves, which induces oxidation, might have  

affected the catechin content. Oxidation may also be induced by the crumbling of fermented young 

and mature leaves. Our understanding of the detailed mechanisms is somehow limited due to very 

few researches done. Thus, more research is needed to find out definitive answers. 

 
Table  3.  Caffeine and catechins in coffee leaf teas 
 

Leaf 
sample 

Caffeine (mg/g) Catechin (mg/g) Epigallocatechin 
gallate (mg/g) 

Epicatechin 
(mg/g) 

Epicatechin gallate 
(mg/g) 

Young 12.0615  0.4371 a 0.1524  0.0148 bc 27.7102  3.2805 a 1.6624  0.0299 a 2.8743  0.9182 a 
Young and 
fermented 

11.2061  0.3401 b 0.1035  0.0139 c 10.7726  1.0142 b 1.5458  0.4366 b 2.2160  0.2175 ab 

Mature 7.9860  0.2461 c 0.3517  0.0231 a 13.2639  3.3281 b 1.3487  0.0272 c 1.4943  0.0561 b 
Mature and 
fermented 

8.1893  1.4021 c 0.1946  0.0958 b 8.4034  1.2771 b 1.2870  0.0600 d 1.8007  0.5852 ab 

 
Notes:  Values are expressed as means ± standard deviation (n=3). 
            Values in the same column followed by different letters are significantly different (p < 0.05). 
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CONCLUSIONS 
 

Both caffeine  and catechins were found in coffee leaf. The catechins found are catechin, 

epigallocatechin gallate, epicatechin and epicatechin gallate. The amounts of caffeine and catechins 

are higher in young leaves than in mature leaves.  The amounts of most of the phenolics studied are 

lower in fermented coffee leaves than in non-fermented leaves. 
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