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Abstract 

Coffee leaf beverage is prepared from pasteurized Robusta coffee leaves. This work aimed 

to study the stability of phenolic antioxidants in coffee leaf beverages during 

pasteurization. Robusta coffee leaves were dried using the smoking method. They 

contained 6.82 g gallic acid equivalents (GAE)/100 g of total phenolic compounds and 

71.15% antioxidant activity. Dried coffee leaves were brewed and pasteurized under 

different conditions: two different temperatures (70°C and 90°C), two duration of times 

(15 mins and 30 mins) and two different pH conditions (adjusted and non-adjusted). The 

total phenolic content and antioxidant activity of pasteurized beverages ranged between 

0.48-0.61 g GAE/L and 14.72-18.58%, respectively. Caffeoylquinic acids were stable 

during pasteurization at 90°C for 30 mins without pH adjustment. Our results indicate that 

pasteurized coffee leaf beverages may be a potent source of phenolic antioxidants.  

1. Introduction 

Coffee leaf beverage prepared using Robusta coffee 

leaves is frequently consumed in West Sumatra, 

Indonesia, where it is also called “kawa-leaves drink.” 

Although it shares its source (coffee plants) with brewed 

coffee beans, their methods of preparation are different. 

Robusta leaves are dried by smoking them above 

firewood followed by boiling them in water. This 

beverage is usually served in dried coconut shells in its 

original form or with the addition of milk, sugar and 

cinnamon. The local people consume it for its 

refreshment value and its health benefits, especially for 

preventing high blood pressure (Dado et al., 2019).  

Coffee leaves have similar bioactive compounds as 

coffee beans, namely phenolics, trigonelline and caffeine 

(Monteiro et al., 2019), all of which are antioxidants. 

Phenolic compounds play important roles in protecting 

cells from oxidative stress and other adverse effects 

associated with chronic diseases (Vipin et al., 2017). The 

predominant phenolics in coffee beans are phenolic 

acids, especially chlorogenic acids. Coffee beans contain 

three main isomers of chlorogenic acids: 3-

caffeoylquinic acid (CQA), 4-CQA and 5-CQA, of 

which 5-CQA naturally occurs in the highest 

concentration (Dawidowicz and Typek, 2011; Górnaś et 

al., 2016). Although chlorogenic acids are not major 

phenolic compounds in coffee leaves, CQA and diCQA 

are found in detectable amounts (Ngamsuk et al., 2019). 

In this study, a coffee leaf brew was pasteurized to 

obtain a pasteurized coffee leaf beverage. We focused on 

the characteristics of phenolic and antioxidant 

compounds during pasteurization, a thermal process in 

which temperatures below 100°C are used. 

Pasteurization of food products with a pH < 4.5 is 

generally aimed at killing pathogenic microbes, 

inactivating enzymes and preventing the growth of 

spoilage microbes, whereas for products with a pH > 4.5, 

it is aimed at preventing the growth of pathogens so that 

the product can be stored for a longer time. Beverage 

products with a pH > 4.6 are known to require higher 

temperatures. For food with a pH between 4.3-4.5, 

pasteurization was recommended at temperatures up to 

99°C (210°F) (Silva et al., 2014). The critical point of 

this process is the amount of heat supplied to the 

product, which is controlled by the temperature and 

duration of the heating process (Fellows, 2017).  

Most bioactive compounds are affected by heating 
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and the effects depend on the heating conditions 

(temperature, duration and pH). The antioxidant activity 

of compounds decreases during heating (Dawidowicz 

and Typek, 2011). The effect of pH on the stability of 

bioactive components in tea (catechins) has been 

reported previously (Li et al., 2012). Catechins in tea are 

generally unstable under neutral and alkaline solutions, 

but relatively stable under acidic conditions (Zeng et al., 

2016). However, the effect of pasteurization on the 

phenolic profile and antioxidant activity of Robusta 

coffee leaf beverages has never been reported. The aim 

of this study was to evaluate the stability of phenolic 

antioxidants in coffee leaf beverage pasteurized under 

different conditions. The findings of this study provide 

valuable information for the development of functional 

foods from underutilized coffee leaves. 

 

2. Materials and methods 

2.1 Chemicals  

Coffee robusta leaves were purchased from “Bonang 

Bersaudara” Enterprise in West Sumatera-Indonesia. 

Other materials used for analysis are methanol, Folin-

ciocalteu reagent, DPPH (2,2-diphenyl-1-

picrylhydrazyl), ascorbic acid, gallic acid,formic acids, 

HPLC grade methanol, HPLC grade water and 3-CQA; 4

-CQA; 5-CQA standards, which were purchased from 

Sigma-Aldrich (Darmstadt, Germany). 

2.2 Sample preparation 

Robusta coffee leaves were harvested from coffee 

plants and then washed and sorted for further processing. 

The coffee leaves were smoked for 2 hrs above firewood 

and utilized hot smoke as drying media. Dried leaves 

were ground with a blender. The dried leaves powder 

was packaged in plastic and stored in a cool and dry 

place for further analysis such as yield, fineness 

modulus, color and moisture content. Dried leaves 

powder was extracted with methanol 10:35 (dried 

leaves:methanol, w/v), and methanolic was extracted 

using a rotary evaporator for total phenolic compounds 

(TPC) and antioxidant activity analysis.  

Dried coffee leaves were boiled with water (ratio of 

dried leaves powder and mineral water = 4.5 g: 250 mL) 

with two duration times; 5 mins and 10 mins. Brewed 

coffee leaves were filtered and stored in the refrigerator 

for further analysis including color, pH, TPC, 

chlorogenic acids, and antioxidant activities. It was 

carried out with two replications and a triplicate analysis. 

The boiling method which gave a sample with higher 

antioxidant activity, total phenolic compounds (TPC), 

and chlorogenic acids was chosen for the pasteurization 

step. 

Coffee leaves brew with the highest phenolic and 

antioxidant compounds was pasteurized in a closed pan 

with combinations of two temperatures (70℃, 90℃), 

two duration times (15 mins, 30 mins) and two initial pH 

conditions (4.43 and 6.65) where pH 6.65 was initial pH 

of beverage without pH adjustment (0% citric acid). 

Meanwhile, pH 4.43 was conducted by adjusting the pH 

of the brew to 4.4 - 4.5 using 0.04% citric acid before 

pasteurization. 

2.3 Physical properties for dried leaves, coffee leaves 

brew and pasteurized product 

2.3.1 Moisture content 

Moisture content of dried coffee leaves was 

measured using Association of Official Analytical 

Collaboration (AOAC) International method (AOAC, 

2012) and expressed as g/100 g wet basis and g/100 g 

dry basis. 

2.3.2 Color analysis 

The color was analyzed by a chromameter CR-300 

Minolta USA. The results were represented by L* value 

(0 = black, 100 = white), a* (- green; + red ) and b* (- 

blue ; + yellow). 

2.3.3 Fineness modulus 

Fineness modulus (FM) was percentage total mass of 

material retained on each sieve and dividing the sum by 

100 (Badan Standarisasi Nasional, 2012). Sieves size 

2.00 mm (No. 10), 0.841 mm (No. 20), 0.500 mm (No. 

35) and 0.297 mm (No. 50) were used in this analysis. 

2.3.4 Yield 

This was the percentage between dried coffee leaves 

(a) and wet leaves with their branches (b). It was 

calculated using Equation 1. 

 2.4 Chemical properties for dried leaves, coffee leaves 

brew and pasteurized coffee leaves brew 

2.4.1 pH 

Sample was conditioned at 25℃ and then connected 

with the electrode. This analysis was carried out using a 

calibrated pH meter (Lunkes and Hashizume, 2014). 

2.4.2 Total phenolic compounds  

Gallic acid was used as standard with six 

concentrations of 0, 10, 20, 30, 40, 50 and 60 µg/mL 

(triplicate, R2 = 0.999). Total phenolic compounds (TPC) 

were analyzed using the spectrophotometry method, 

detected at 756 nm and expressed by a gallic acid 

equivalent (GAE)/100 g dried leaves on a wet basis 

(1) 
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(Siddiqui et al., 2017). 

2.4.3 Chlorogenic acids/caffeoylquinic acids (3-

CQA, 4-CQA, 5-CQA) determination 

Chlorogenic acids analysis was conducted based on 

Herawati, Giriwono, Nur et al. (2019) using 

SHIMADZU LC-20 AD system equipped with UV/VIS 

detector (SHIMADZU Corp., Japan). Samples were 

eluted in a Zorbax C18 column (4.6 × 150 mm; Agilent 

Technologies, Inc., Santa Clara, USA). HPLC grade 

methanol and 0.05% formic acid (5:95, gradient elution) 

were used as a mobile phase. The sample was filtered 

through a 0.45 µm nylon membrane. The components 

were detected at 320 nm, flow rate 1 mL/min, and 

injection volume 20 µL. The standard curve was made 

from five concentrations of each 3-CQA, 4-CQA and 5-

CQA compounds ranging from 15.62 to 500 µg/mL 

(triplicate). Brew samples with all treatments were used 

for this analysis. Nevertheless, the pasteurized sample 

that was used was only with the highest temperature and 

duration time of pasteurization without pH adjustment to 

observe the stability of chlorogenic compounds during 

pasteurization. The chlorogenic acids of samples were 

expressed as mg/L for brews and pasteurized products. 

2.4.4 Antioxidant activity assay 

Antioxidant activity (AA) was assayed using 2,2-

diphenyl-1-picrylhydrazy (DPPH), detected at 517 nm 

and represented as the percentage of inhibition (Equation 

2) (Ngamsuk et al., 2019). This method of estimating the 

AA of products is popular, quick, easy and affordable. 

2.5 Data analysis 

All data were presented as mean ± standard 

deviations (SD) of 6 replicates. Data from the physical 

and chemical characterization of coffee leaves brew were 

analyzed by Independent-samples t-test using IBM SPSS 

20 software (α = 5%). Data from pasteurized coffee 

leaves were analyzed by factorial Generalized Linear 

Model (GLM) with the Duncan Multiple Range Test 

(DMRT) test using Minitab 16 software (α = 5%).  

 

3. Results and discussion 

3.1 Physicochemical properties of dried coffee leaves 

Leaves were smoked for 2 hrs until they were dried 

and easily crushed. The physicochemical properties of 

dried coffee leaves are presented in Table 1. The yield of 

this process was 8.90%. The dried leaves produced had a 

degree of fineness (fineness modulus) of 1.81, with 

50.41% of the powder having a size under 50 mesh. The 

fineness modulus can affect the concentration of 

bioactive components that can be extracted from 

samples. Zaiter et al. (2016) reported that grinding and 

sieving can increase the polyphenol content of tea leaves, 

but the grinding speed should be controlled to prevent 

phenolic degradation by heat. 

The color values of L*, a* and b* in the dried 

smoked coffee leaves were 28.94, 5.87 and 8.76, 

respectively (Table 1), implying a dark color. Compared 

with the cabinet dryer method, the smoking method 

yielded dried leaves of a darker color because of the 

higher degradation of chlorophyll, the main pigment of 

coffee leaves (Defri et al., 2021). The color is also 

associated with carbonyl compounds formed during 

smoking and can indicate the quality and consumer 

acceptance of coffee leaf products. Some consumers 

prefer products with bright colors, while others prefer 

those with darker colors. Green coffee beans are known 

to have L*, a* and b* values of 65.35, 2.82 and 18.88, 

respectively, which decrease with a higher extent of 

roasting of the coffee beans due to non-enzymatic 

browning reactions and pyrolysis (Nakilcioğlu-Taş and 

Ötleş, 2019). The brightness value of the dried leaves 

approached that of medium-roasted coffee beans (L* = 

29).  

The dried smoked coffee leaves had a moisture 

content of 6.22% (wet basis). Defri et al. (2021) reported 

that the smoking method yielded dried coffee leaves with 

moisture content lower than that of leaves dried using the 

Parameter  

Yield (%)1 8.90±0.99 

Fineness modulus (FM) 1.81±0.00 

Color2  

L* 28.94±0.29 

a* 5.87±0.12 

b* 8.76±0.48 

Moisture contents 6.22±0.13 

% (wet basis) 6.63±0.15 

% (dry basis)  

Total phenolic compounds  
(g GAE/100 g dry solid) 

7.32±0.16 

Antioxidant activity (% Inhibition)3 70.15±1.43 

Table 1. Physicochemical properties of dried smoked coffee 

leaves.  

Values are presented as mean±SD, n = 6. 
1percentage of dry leaf weight to wet leaves and their branches 
2Colors; L* indicates lightness, a* are chromaticity 

coordinates from green (-a*) to red (+a*), and b* from blue (-

b*) to yellow (+b*) 
3sample concentration used in the test = 1.00 g extract/10 mL 

(inhibition of ascorbic acid standard with a concentration of 

0.5 g/10 mL = 95.40±0.07%). 

(2) 
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 cabinet dryer method at 70°C for 8 hrs. According to 

Novita et al. (2018), kawa coffee leaves (smoked 

Robusta coffee leaves) had a moisture content between 

3.6-7.6%. Dried tea leaves are known to have a moisture 

content of 5% (You et al., 2018), green coffee beans 8%-

13% and roasted coffee beans 2-4% (Corrêa et al., 2016). 

The moisture content of dried smoked coffee leaves in 

this study falls within the range previously reported and 

is similar to that of dried tea leaves, but lower than that 

of green coffee beans. Differences in the moisture 

content of dried smoked leaves could be due to 

differences in the duration and temperature of smoking. 

A longer process could produce coffee leaves with lower 

moisture content. 

The total phenolic content (TPC) and AA of the 

dried smoked coffee leaves were approximately 7.32 g 

gallic acid equivalents (GAE)/100 g and 70.15%, 

respectively (Table 1). Meanwhile, Ngamsuk et al. 

(2019) reported a TPC of 30-35 g GAE/100 g and a 

DPPH radical scavenging activity of 80-90% in Coffea 

arabica leaves dried using the tray-dryer method at 30-

50°C for 8 hrs. Defri et al. (2021) reported that several 

bioactive compounds in coffee leaves can be damaged 

when exposed to longer smoking processes. The AA of 

coffee leaves may correlate with their TPC (Ngamsuk et 

al., 2019). According to Górnaś et al. (2016), AA in 

coffee is associated with the presence of phenolic 

compounds, especially chlorogenic acids. In addition, it 

can be influenced by other secondary metabolites, such 

as alkaloids (caffeine and trigonelin), saponins and α-

tocopherol (Monteiro et al., 2019). 

3.2 Physicochemical properties of coffee leaf brew 

The physicochemical properties of coffee leaf brew 

are presented in Table 2. The brew obtained after 10 

mins of brewing had a darker color (L* = 27.66) and a 

lower pH (6.59) than the one after 5 mins of brewing (L* 

= 40.64, pH = 6.78). The stability of color is affected by 

the pH (Andrés-Bello et al., 2013). The pH of coffee 

brews prepared from green and roasted beans ranged 

from 5.41–5.90 and 4.95–5.39, respectively (Górnaś et 

al., 2016). Meanwhile, the pH of green and black tea was 

7.02 and 6.75, respectively (Lunkes and Hashizume, 

2014). The coffee leaf brew had a pH similar to that of 

black tea. 

Longer brewing times resulted in a more 

concentrated extract due to the ability of water to extract 

water-soluble chemical components from the leaves. The 

TPC of the 5-min-brew was lower than that of the 10-

min-brew (0.50 vs. 0.58 g GAE/L, respectively). The 

total phenolic acid content in 3-min- and 6-min-Arabica 

coffee brews has been reported to be 0.87 and 0.86 g/L, 

respectively (Górecki and Hallmann, 2020), whereas 

dark-roasted Robusta coffee brew contained 9.59 g 

GAE/100 g soluble solid (2.06 g soluble solid/100 mL) 

(Herawati, Giriwono, Dewi et al., 2019). The TPC of 

coffee leaf brew was lower than that of coffee bean 

brew. The levels of chlorogenic acids, 3-CQA, 4-CQA 

and 5-CQA, in coffee leaf brew, also increased with the 

brewing time. According to Herawati, Giriwono, Dewi et 

al. (2019), the content of 5-CQA in green coffee brew 

and dark-roasted coffee brew was 9.84 g/100 g and 0.54 

g/100 g, respectively, indicating that coffee leaf brew 

contained lower amounts of chlorogenic acids than 

coffee beans brew. 

The AA of the 10-min-brew was also higher than 

that of the 5-min-brew, which is related to the higher 

TPC and chlorogenic acid content of the former. Overall, 

the 10-min-coffee brew showed higher levels of TPC, 

chlorogenic acids and AA than the 5-min-coffee brew. 

Therefore, the 10-min brewing process was used to 

prepare the pasteurized coffee leaf beverage. 

3.3 Physicochemical properties of pasteurized coffee 

leaves beverages 

The physicochemical properties of pasteurized 

coffee leaf beverages are presented in Figures 1 and 2. 

The thermal process performed in this study did not 

affect the color (L*, a* and b*) and TPC (p > 0.05), but 

significantly influenced the pH and AA of the final 

product (p < 0.05). The color of beverages was expressed 

Parameters 
Duration times 

5 min 10 min 

Color2    

L* 40.64±2.06a 27.66±2.06b 

a* 13.65±0.74a 24.85±0.13b 

b* 22.16±0.70a 13.52±1.32a 

pH 6.78±0.00a 6.59±0.07b 

Total phenolic compounds  
(g GAE/L) 

0.50±0.03a 0.58±0.01b 

Chlorogenic acids (mg/L)   

3-CQA 4.02±0.55a 6.74±0.63b 

4-CQA 5.23±0.53a 7.48±0.46b 

5-CQA 23.02±1.52a 24.63±0.97a 

Antioxidant activity 
(% Inhibition)3 13.74±0.58a 17.55±0.39b 

Table 2. Physicochemical properties of coffee leaves brews1. 

Values are presented as mean±SD, n = 6. Values with 

different superscripts within the same row are statistically 

significantly different (P>0.05).  
1Brew was made from 1.82 g of dried coffee leaves per 100 

mL water 
2Colors; L* indicates lightness, a* are chromaticity 

coordinates from green (-a*) to red (+a*), and b* from blue (-

b*) to yellow (+b*). 
3The concentration of the sample used in the test was 1.00 g 

brews/10 mL (inhibition of ascorbic acid standard with a 

concentration of 0.5 g/10 mL = 95.40±0.07%). 
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using three parameters: L* for the lightness, from black 

to white; a* from green (-a*) to red (+a*); and b* from 

blue (-b*) to yellow (+b*). pH-adjusted products tend to 

have higher brightness values than those without pH 

adjustments. The a* and b* values of beverages without 

pH adjustments ranged from 11.76-13.54 to 12.89-26.21, 

while those of pH-adjusted drinks ranged from 17.52-

19.30 to 26.65-29.10, respectively (Figure 1). 

The level of a* was higher in pH-adjusted products, 

indicating that their color tended to be far from green. 

Chlorophyll in leaves is easily degraded during the 

process, which causes discoloration. Chlorophyll is 

sensitive at temperatures above 50°C and its degradation 

initiates with damaged tissue during the blanching 

process or other heating processes. Chlorophyll is more 

sensitive to thermal degradation under acidic conditions 

due to its conversion to pheophytin (Andrés-Bello et al., 

2013). 

pH measurement of the product aims to determine 

the pH range of the beverages after pasteurization. 

Overall, the final pH of beverages without pH 

adjustment tended to decrease compared with brews, 

whereas the opposite was observed in beverages with an 

initial pH of 4.43 (Figure 1).  

The TPC of pH-adjusted beverages (0.48-0.54 g 

GAE/L) did not differ significantly from that of 

beverages without pH adjustments (0.49-0.61 g GAE/L) 

(Figure 2). These compounds might contribute to the AA 

of beverages. The AA of beverages without pH 

adjustment ranged from 15.66 to 18.58% while that of 

pH-adjusted beverages ranged from 14.72 to 16.21%. 

Górnaś et al. (2016) reported that pH of the medium was 

not related to the free radical scavenging activity of the 

coffee brew because significantly different amounts of 

TPC were found in samples with different pH. The AA 

of pH-adjusted beverages heated at 90°C for 30 mins 

(14.72%) was lower than that of those heated for 15 mins 

at the same temperature (16.21%) (Figure 2).  

Réblová (2012) reported that the AA of caffeic acid, 

a phenolic acid, gradually decreased with an increase in 

temperature from 90°C to 150°C. The decrease in 

reactivity of easily oxidized phenolic compounds, such 

as gallic, gentisic, protocatechuic and caffeic acids, 

toward oxidizing radicals will be slower compared with 

less oxidizable compounds (low reactivity), such as 

syringic, ferulic and sinapic acids. Therefore, the activity 

of the former set of phenolics can be maintained even at 

high temperatures. Some phenolic compounds in 

pasteurized coffee leaf beverages could also exhibit a 

slower decrease in AA than others, but this requires 

further research. The highest AA of 18.58% was found 

in samples pasteurized at 90°C for 30 mins without pH 

adjustment, which were used for chlorogenic acid 

analysis. 

3.4 Effect of pasteurization on the stability of phenolic 

antioxidants in coffee leaf brews 

The TPC in pasteurized coffee leaf brew ranged 

from 0.48±0.06g/L to 0.61±0.11 g/L (Figure 2), while 

that in unpasteurized coffee leaf brew was 0.58±0.01 g/L 

(Table 2), indicating that the phenolic compounds in 

coffee brew were reasonably stable during 

pasteurization. However, previous studies have reported 

different results. Phenolic compounds are antioxidants 

that are known to be susceptible to thermal degradation. 

Chmiel et al. (2016) reported the degradation of 7-18% 

of the phenolic compounds in cloudy apple juices and 

consequent attenuation of AA by 10-28% following ultra

-high-temperature treatment. The TPC of apple juice 

pasteurized by the high temperature-short time method at 

(a) 

(b) 

Figure 1. Color (a) and pH (b) of coffee leaves beverages 

pasteurized under different conditions. Bars with different 

notations are statistically significantly different (P>0.05). 

Figure 2. Total phenolic compounds (TPC) (a) and antioxidant 

activities (b) of coffee leaves beverages pasteurized under 

different conditions. The concentration of test solutions was 

1.00 g beverages / 10 mL. Bars with different notations are 

statistically significantly different (P>0.05). 
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90°C for 30 s was also reduced by 32% compared with 

untreated juice (Guiné and Barroca, 2014).  

The stability of phenolics in coffee leaf brew during 

pasteurization was investigated with a focus on CQAs. 

The concentrations of chlorogenic acids in coffee leaf 

brews and the pasteurized product are presented in Table 

3. The amounts of 3-CQA, 4-CQA and 5-CQA in the 

pasteurized product did not differ significantly from that 

in the brew (before pasteurization), suggesting that 

chlorogenic acids are stable during pasteurization at 

90℃ for 30 mins. 

5-CQA, an ester of caffeic acid with quinic acid, is 

naturally found at the highest concentration among the 

chlorogenic acid family in some plants. Chlorogenic 

compounds can be synthesized naturally from raw 

materials through the heating process or can also arise 

from the reaction that occurs during extraction. Heating 

of 5-CQA in an aqueous solution at 100–200°C causes 

two competitive reactions: (i) degradation, or (ii) 

transformation into derivative products, such as quinic 

acid, protocatechuic acid, 1-CQA, 3-CQA, 4-CQA, 

caffeic acid and/or cis-5-CQA. The amount of each 

derivative formed depends on the temperature, duration 

of heating and pH. Similar amounts of two hydroxylated 

derivatives are formed when a water molecule interacts 

with the double bond in chlorogenic acid molecules 

during heating. Some derivatives like 4-O-CQA have 

high thermodynamic stability due to their intramolecular 

hydrogen bonds (Dawidowicz and Typek, 2011). 

 

4. Conclusion 

Dried coffee leaves were a source of phenolic 

antioxidant compounds with a total phenolic content of 

6.82 g GAE/100 g. Dried coffee leaves brews still 

exhibited antioxidant activity although they were 

pasteurized at different pH and temperatures. 

Caffeoylquinic acids (3-CQA, 4-CQA and 5-CQA) were 

stable during pasteurization at 90℃ for 30 mins without 

pH adjustment. The information on the CQAs 

compounds' stability under pasteurization gives 

promising information for the development of coffee 

leaves brew beverages containing CQAs. 
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