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Artikel Awal
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3 Research Institute for Tea and Cinchona, Bandung, Indonesia

Abstract

Purpose: To analyze bioactive components and antibacterial activity in brewed Robusta coffee leaves that
processed by Japanese Style Green Tea Process (JGTP).

Methodology: This was an experimental research with the sample of Robusta coffee leaves and brewed Robusta
coffee leaves. The coffee leaves were brewed in water at 70°C during 10 minutes. The analysis of nutrition
contents by proximate method, total flavonoids by calorimeter method, chlorogenic acid and caffeine by HPLC
method, antioxidant activity by DPPH method, total chlorophyll using the arnon formula and antibacterial activity
by disk diffusion method in 5, 10, 15, and 20 g.

Results: There were significant differences in color, taste, and acceptability of brewed Robusta coffee leaves. The
best acceptance of brewed Robusta coffee leaves was 5 g of dried coffee leaves. Robusta coffee leaves contain
3,1% water, 6,03% ash, 17,76% protein, 2,37% fat, and 70,83% carbohydrate. The content of flavonoids,
chlorogenic acid and caffeine in Robusta coffee leaves were 0.81 mgQE/g, 16.92 mg/g, 0.46 mg while in the
brewed were 0.10 mgQE/g, 3.49 mg/g, 0.19 mg/g, respectively. The inhibition of free radical in Robusta coffee
leaves were 90,2-92,7%, while in the brewed were 83,3-86,1%. Total chlorophyll of dried leaves were 63,62-
69,39 mg/L and the brewed were 2,08-6,01 mg/L. Antibacterial activity Escherichia coli 7,65-9,89 mm and
Salmonella tiphy 7,47-8,70 mm inhibition zone.

Applications/Originality/Value: The role of various bioactive components in Robusta coffee leaves on antioxidant
and antibacterial activity.

¢ Both authors contributed equally to this manuscript
* Corresponding author: gemaanjani@gmail.com



Introduction

Coffee plant (Coffea sp.) is included in the family Rubiaceae. In general, there are three types of coffee, including
Arabica coffee (Coffea arabica), Robusta coffee (Coffea canephora), and Liberica coffee (Coffea liberica). The
most widely consumed coffee in Indonesia is Robusta coffee. Robusta coffee can be easily grown at lower altitude
of less than 1000 meters above sea level and it resilient against disease and pests.(Kanisius, 1988)

The results of research on Arabica coffee leaves have nutritional content based on proximate components.
Proximate components of Arabica coffee leaves from the Ethiopian region include 5.5-7.8% moisture, 8.8-12.4%
ash content, 14.4-19.0% protein, 4.5-12.5% fat, and 51.0-63.9% carbohydrate.(\Woldesenebet, 2005) Robusta
coffee leaves contain phytochemicals that vary depending on leaf development.(X.-M. Chen, Ma, & Kitts, 2018)
The younger the coffee leaves, the higher the chlorogenic acid content even 10 times higher than the old coffee
leaves.(Campa et al., 2017) The content of chlorogenic acid in Robusta coffee is higher compared to Arabica
coffee, respectively 11.3% and 4.1%.(Ky et al., 2001) The caffeine content in young Robusta coffee leaves (0.29-
0.5%) is lower than the caffeine content in its fruit (1.6-2.4%).(Khotimah, 2014)

Robusta coffee leaves also contain phenolic acid and total flavonoids, respectively 27.04 pg/g and 10.90 pg/g
higher than Arabica coffee leaves respectively 21.80 pg/g and 8.08 pg/g.(Nayeem, Denny, & Mehta, 2011)
Flavonoids as natural antioxidants can prevent the occurrence of diseases, such as cancer, metabolic syndrome,
diabetes mellitus, and atherosclerosis which associated to oxidative stress.(X. Chen, 2019; Manach, Scalbert,
Morand, Rémésy, & Jiménez, 2004)

The content of caffeine, flavonoids, and chlorogenic acid of coffee leaves can also function as the prevention of
diarrhea. Caffeine can inhibit protein and DNA synthesis by inhibiting the merging of adenine and thymidine.
Caffeine also increases genotoxicity after DNA damage.(Pruthviraj, Shital, Suchita, & Shilpa, 2011) Flavonoids
as an antibacterial by inhibiting nucleic acid synthesis, inhibiting energy metabolism, and changes in cytoplasmic
membrane function.(Farhadi, Khameneh, Iranshahi, & lIranshahy, 2018) In addition to flavonoids, there are
chlorogenic acid contents that function as antibacterial. Chlorogenic acid is a phenolic bioactive compound causes
physiological changes in bacterial cell membranes that encourage damage to bacterial nucleotides.(Kabir,
Katayama, Tanji, & Nakamura, 2014; Lou, Wang, Zhu, Ma, & Wang, 2011)

The processing of coffee leaves to obtain optimal antibacterial is done by minimizing chemical and enzymatic
reactions to prevent damage in phytochemical content. The process can be obtained using green tea
processing.(X.-M. Chen et al., 2018) The processing of green tea is able to produce phenolic components 6 times
higher than black tea. Green tea processing aims to maintain the content of natural polyphenols which have
beneficial effects on health. (Chacko, Thambi, Kuttan, & Nishigaki, 2010). Therefore, the aim of this research
was to examine bioactive components, including caffeine, chlorogenic acid, total flavonoids, antioxidant activity,
total chlorophyll, and nutritional contents and antibacterial activity in Robusta coffee leaves by green tea
processing.

Materials and Methods

The samples used Robusta canephora Pierre ex Froehner from Gambung village. Coffee leaves were processed
using the Japanese Style Green Tea Process (JGTP) method at the Tea Quality Processing and Testing Laboratory,
Tea and Quinine Research Center (PPTK) Gambung, Bandung Regency, West Java, Indonesia. Preliminary
research was conducted to obtain the JGTP procedure at the withering stage, including 2 minutes steaming method
and 45 s, 60 s, and 75 s of blanching. The best withering method was chosen based on the results of the best
organoleptic tests conducted by trained panelists. The best withering result that will be used in the processing of
coffee leaves was the blanching method for 75 s.

This study was an experimental study with one factor completely randomized design (CRD) with 2 samples, dried
Robusta coffee leaves and brewed Robusta coffee leaves. Dried Robusta coffee leaves were brewed with 200 ml
of water in 70°C for 10 minutes. Samples were analyzed in duplicate with three replications.

Processing Robusta Coffee Leaves with JGTP Method

JGTP method was carried out through 5 steps, picking; blanching; cooling, crushing, and drying. Coffee leaves
were picked from 2", 37, and 4" leaf of each branch of coffee plants, sorted, then carried out the blanching process
for 75 s. Leaves were soaked in water and put in seducer for + 15 minutes while separating the leaves from its
midrib. The next process was crushing the leaves three times using a crushing-tearing-curling machine (CTC)
(CNC, Sri Lanka). The last process was the drying process. The drying process was 4-5 hours long by a rack drier
machine (CNC, Sri Lanka) at 80°C.



Proximate Analysis

Proximate analyses using dried Robusta coffee leaves samples processed by JGTP to analyze the moisture, ash,
fat, protein, and carbohydrate contents with AOAC 2005 method.(Analysis., 2005)

Total Flavonoid Analysis

5 grams of dried Robusta coffee leaves in 200 ml of methanol were homogenized with a magnetic stirrer for £ 30
minutes. The solution was taken 60 ml for centrifugation, then coffee leaves produced supernatant in methanol.
Meanwhile, 5 grams of dried Robusta coffee leaves were brewed in 200 ml of hot water (70°C) for 10 minutes
and stirred. After being dissolved in water, 60 ml was taken to be centrifuged, coffee leaves supernatant will be
produced in brewed water. Afterwards, two samples were analyzed.

Total flavonoid analysis using aluminum chloride (AICI3) calorimetry method with absorbance measurement
using UV-VIS spectrophotometer. 1 ml of sample solution was mixed with 9 ml of methanol. Pipette 2.8 ml
sample solution; 0.4 ml AICIz 5%; 6.8 ml of 5% acetic acid. Incubation for 30 minutes, measure the absorbance
(A 428 nm). Calibration curves used the standard quercetin in methanol (0.005 mg / ml) with varying
concentrations of 0 pg/ml, 5 pg/ml, 10 pg/ml, 20 pg/ml, 40 pg/ml, and 60 pg/ml. Standard was carried out using
the same procedures as samples. (Rhayanne T. M. Ramos, Ferreira, & Soares, 2017; Silva, Pezzini, & Soares,
2015)

Analysis of Chlorogenic Acid and Caffeine

Analysis of chlorogenic acid using 20 g of dried coffee leaves extracted with 150 mL methanol:water (50:50 v/v)
in soxhlet. After 4-5 cycles, soxhletation was stopped and cooled down at room temperature. The extract was
transferred into a 200 mL flask and the volume was adjusted to 200 mL with a mixture of methanol-water.
Meanwhile, caffeine analysis using 10-20 g of coffee leaves were added to 5 g of MgO and put into 200 mL of
water. Furthermore, the samples were heated in a water bath at 90°C and sterilized for 20 minutes. Then the
extracts were filtered with 0.45uL, 25 mm cellulose filter cartridge. The filtrates were injected into the
HPLC.(Naegele, 2016a, 2016b)

Total Chlorophyll Test

The total chlorophyll test was carried out by 5, 10, 15 and 20 grams of brewed Robusta coffee leaves compared
to the samples dissolved with 80% acetone. Total chlorophyll test was conducted using 663 nm and 645 nm wave
spectrophotometry. Chlorophyll levels were calculated using the Arnon formula:(Prawira-Atmaja et al., 2018)
Chlorophyll a = (12.7 x A663) - (2.69 x A645)

Chlorophyll b = (22.9 x A645) - (4.68 x A663)

Total chlorophyll = (20.2 x A645) + (8.02 x A663)

Analysis of Antioxidant Activity

Sample preparation was performed as a total flavonoid test. Antioxidant activity was analyzed using the DPPH
method (1,1-diphenyl-2-picrylhydrazyl). A DPPH 0.4 mM solution was prepared by 0.00394 g of DPPH powder
and dissolved in absolute methanol to 25 ml. The test was done by piping 0.1 ml of samples and sufficient volume
with absolute methanol into a 5 ml measuring flask, then vortex. Measurement of antioxidant activity was done
by adding 1 ml of DPPH 0.4 mM solution, then vortex for £ 1 minute. Incubate the solutions for 30 minutes in a
dark place, measured the absorbance by UV-VIS spectrophotometry (A517 nm). A blank solution was obtained
by piping 5 ml absolute methanol and 1 ml DPPH solution, left for 30 minutes in a dark place and measuring the
absorbance as with the samples.(Hasanah, Maharani, & Munarsih, 2017)

Antibacterial Activity Test

Antibacterial activity test was carried out by the disk diffusion Kirby-Bauer method.(Rohdiana, Arief, & Budiman,
2013) This method was used to see the bacterial growth inhibition response based on the diameter of the clear
zone of E. coli and S. typhi. Antibacterial activity test began by dissolving nutrients with aquades. The media
stock and the equipment used were put into a 121°C autoclave for 20 minutes. The next step was making a
suspension by taking an ose of pure bacteria and implanting it in a solution of NaCl. Next, applied the suspension
to the hard agar using a sterile cotton swab. Blank discs that have been soaked in 5, 10, 15, and 20 grams of
brewed Robusta coffee leaves for 20 minutes were placed on hard agar and incubated at 37°C for 24-hour
incubation periods. Classification of bacterial growth inhibition was observed by clear zone diameter consists of



4 groups: weak response (diameter < 5 mm), moderate (diameter 5-10 mm), strong (diameter 10-20 mm), and
very strong (diameter > 20 mm).(Sadino, Sahidin, & Wahyuni, 2018)

Organoleptic Test

Organoleptic test was carried out by 30 semi-trained panelists of Nutrition Sciences students with variations in
weight of 5, 10, 15, and 20 grams of dried coffee leaves brewed with water at 70°C. The assessment of quality
attributes of brewed coffee leaves used 4 favorite scales, 1 (dislike very much), 2 (dislike slightly), 3 (like slightly),
and 4 (like very much).

Statistic Analysis

Statistical analysis using univariate and bivariate analysis. If the data is normally distributed, use the paired t test,
whereas if the data is normally distributed, use the Wilcoxon test. Analysis of antioxidant activity using the One
Way Anova statistical test if normally distributed, and using the Kruskal Wallis test if the distribution is not
normal. The analysis was performed with a 95% confidence level with p value 0.05 and a. = 0.05.

Results

Processing Robusta Coffee Leaves with JGTP Method

Based on the appearance and color aspects, brewed coffee leaves with the blanching method had an average value
from 7.5 to 8 (1-10) while the steaming method got a value of 4 (1-10). The taste of brewed using the blanching
method had an average value from 34 to 35 (20-49) and obtaining a value of 27 for brewed by steaming method.
The aroma of brewed and pulp of coffee leaves had a value of 5-5.50 (1-10) for the method of blanching water
and steaming. From the aspect of the aroma of coffee grounds pulp obtained a value of 9 for each blanching
method and 4 for the steaming method (1-10). Based on organoleptic test, the 75-second blanching method was a
processing method that had the highest average score.
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Nutrient Content

The material used in this study was Robusta coffee leaves which have been dried through the Japanese Style

Green Tea Process (JGTP) method as seen in Table 1.
Table 1. Nutrient Content of Dried Robusta Coffee Leaves

Proximate Component MeanzSD (%)
Moisture 3.1+0.00

Ash 6.03+0.90
Protein 17.76+2.06

Fat 2.37£0.25
Carbohydrate 70.83+2.83

Note : SD = standard deviation

Bioactive Components (total flavonoids, chlorogenic acid, caffeine)

The results of the analysis showed that the content of bioactive components, as total flavonoids, chlorogenic acid
and caffeine in Robusta coffee leaves as seen in Table 2.
Table 2. The Content of Bioactive Components

Total flavonoids Chlorogenic acid Caffeine
Treatment (mg QE/g) (mg/g) (mg/g)
Mean+SD Mean+SD Mean+SD
Dried coffee leaves 0.81+0.02 16.58 £ 0.48 0.456 +0.08
5 g of brewed coffee leaves 0.10+ 0.01 3.49+1.62 0.194 £ 0.00

Note: 5 g of dried coffee leaves were brewed with 200 mL of water at 70°C for 10 minutes

Total Chlorophyll

The results of chlorophyll analysis showed a significant difference in the groups of brewed coffee leaves (p =
0.000). While the results of chlorophyll analysis showed significant differences in the coffee leaves group (p =
0.014) and brewed coffee leaves (p = 0.000). The results of total chlorophyll analysis showed significant
differences in each coffee leaves group (p = 0.006) and brewed coffee leaves group (p = 0.000). There were
significant differences in chlorophyll a, chlorophyll b and total chlorophyll between coffee leaves and brewed

coffee leaves (p = 0,000) as seen in Table 3.
Table 3. Total Chlorophyll

Chlorophyll a Chlorophyll b Total Chlorophyll
Samples Dried coffee Brewed coffee Dried coffee Brewed coffee Dried coffee Brewed coffee
leaves leaves leaves leaves leaves leaves
Mean = SD Mean + SD Mean = SD Mean + SD Mean + SD Mean + SD
59 23.66+0.352 0.74+0.04% 39.98+2.372 1.35+0.112 63.62+2.012 2.08+0.142
10g 23.75+0.172 1.16+0.09° 42.65+0.63® 2.19+0.13" 66.37+0.67 3.35+0.22°
159 23.97+0.392 1.73+0.31°¢ 43.17+0.61% 3.19+0.44°¢ 67.13+0.99 4.91+0.75°¢
209 24.66+0.732 2.12+0.02¢ 44.76+0.80° 3.91+0.52¢ 69.40+1.45° 6.01+0.09¢
px 0.098 0.000* 0.014* 0.000* 0.006* 0.000*

Note: One-way-anova.test. Dried coffee leaves were brewed with 200 mL of water at 70°C for 10 minutes.. *Significant (p <
0.05). Numbers followed by superscript letters (a,b,c,d) differ to show significant differences.



Antioxidant Activity

The results of the analysis showed that there were no significant differences in the Robusta coffee leaves group
(p = 0.206) and brewed (p = 0.131) as seen in Table 4.
Table 4. Antioxidant Activity with DPPH Method
Inhibition (%)

Treatment Dried coffee leaves Brewed coffee leaves p
Mean £ SD(%) Mean £ SD (%)
5 gram 92.7 £0.61 84.9 £0.23 0.109p
10 gram 91.8+0.76 86.1 +0.85 0.019™
15 gram 92.0+2.00 85.6 +1.20 0.021™d
20 gram 90.2+1.36 83.3+1.47 0.000™
p 0,206? 0,131Y

Note: Dried coffee leaves were brewed with 200 mL of water at 70°C for 10 minutes. "Significant (p <0,05). P Wilcoxon
test, 9Paired t test, ZOne way Anova, YKruskal Wallis test

Antibacterial Activity Test

The results of the antibacterial activity analysis in Escherichia coli and Salmonella typhi showed significant
differences in the groups of brewed coffee leaves (p = 000) as seen in Table 5.
Table 5. Antibacterial Activity

Escherichia coli Salmonella typhi
Samples

Mean + SD Inhibition Mean + SD Inhibition
59 7.65+0.102 Medium 7.47+0.282 Medium
109 8.47+0.15P Medium 8.20+0.05° Medium
15¢g 9.17+0.15°¢ Medium 8.55+0.26° Medium
209 9.89+0.26¢ Medium 8.70+0.19¢ Medium

p 0,000* 0,000*

*One Way Anova test. *Significant (p < 0.05). Numbers followed by superscript letters (a,b,c,d) differ to show
significant differences.

Acceptability of Brewed Coffee Leaves

There was a significant difference in the color and Taste of brewed coffee leaves (p = 0,000) and did not
show a significant difference in the aroma of brewed coffee leaves (p = 0.392) as seen in Table 6.
Table 6. Acceptability of Brewed Coffee Leaves

Color Aroma Taste
Treatment
Median Note Median Note Median Note

59 3(1-4)? Like slightly 3(1-4)2 Like slightly  3(2-4)? Like slightly

109 3(2-4)® Like slightly 3(2-4)2 Like slightly ~ 2(1-3)? Dislike slightly
15¢ 2,5(1-4)0c Dislike slightly ~ 3(1-4)? Like slightly ~ 1(1-4)° Dislike very much
20¢g 2(1-4)° Dislike slightly ~ 3(1-4)2 Like slightly ~ 1(1-2)° Dislike very much

p 0,000* 0,392 0,000*

Note: Kruskal Wallis test. *Significant (p < 0.05). Numbers followed by superscript letters (a,b,c,d) differ to show
significant differences.



Discussion

In this study, Robusta coffee leaves were processed by the Japanese Style Green Tea Process (JGTP). JGTP
method is one of the tea processing without fermentation process. Previous study has explained that the JGTP
method in Arabica coffee leaves has higher phytochemicals concentration compared to other tea-making
methods.(X.-M. Chen et al., 2018). The blanching process was used at the withering stage. Blanching can
deactivate the enzyme polyphenol oxidase (PPO) which can cause oxidation.(Pourcel, Routaboul, Cheynier,
Lepiniec, & Debeaujon, 2007)

Oxidation is a degenerative process triggered by the presence of free radicals which causes rancidity and
decreasing components in food. The oxidation process causes the loss of phenolic components of food.(X.-M.
Chen et al., 2018) The blanching process increases the polyphenol content during extraction.(Nayak, Liu, & Tang,
2015) In addition, the processing of green tea maintain the composition of chlorophyll including chlorophyll a
(Chl a) and chlorophyll b (Chl b) that acts as an antibacterial.(Li et al., 2018)

Based on acceptability of brewed coffee leaves, the best acceptance was 5 g of brewed coffee leaves. The more
the amount of leaves that are brewed, it will produce a thick yellowish-green color. Coffee leaves products using
the JGTP method do not undergo oxidation of polyphenol compounds so that the resulting color was greenish or
yellowish-green. Green is the main color determined by the chlorophyll content. Chlorophyll a on the leaves will
produce a dark green color and chlorophyll b will produce a yellowish-green color. In addition to the chlorophyll
content, flavonol content also plays a role in producing a yellowish color on the coffee leaves by the JGTP
method.(Chaturvedula & Prakash, 2011)

Based on the aroma described by panelists, the aroma of brewed coffee leaves such as the aroma of fresh leaves.
The more the amount of leaves in brewed, the smell will be thicker and increasingly disliked by panelists. The
aroma of the leaves is caused by the high compound of catechins.(Ho, Zheng, & Li, 2015) The taste of brewed
coffee leaves was bitter. The bitter taste is influenced by the presence of chlorogenic acid and caffeine.(Belay,
2011; Gokul G & Lakshmanan, 2016) Caffeine is a natural compound in food and drinks that contributes to affect
the bitter taste. Some studies show that the main taste of caffeine is bitter. Caffeine generally amounts to 2-5% of
the dry weight of tea. Caffeine will cause a bitter taste on the tongue depending on the level of concentration. (Keast
& Roper, 2007; Zou, Xiao, Wang, & Zhang, 2018) The study explained that the bitter taste began to emerge when
the caffeine content was 75-155 mg/L. Chlorogenic acid also plays a role in acidity and bitterness.(Belay, 2011)
The moisture and ash content in dried Robusta coffee leaves processed by the JGTP method met the Indonesian
National Standard (SNI) green tea requirements, where the moisture of green tea is set to a maximum of 8% and
ash content of 4-8%.(SNI, 2016) The moisture in accordance with SNI can prevents the growth of bacteria and
fungi, and prevent oxidation process. Protein content in dried Robusta coffee leaves with JGTP method included
in the range of green tea, where protein content in green tea about 15-20%. Protein has the potential as an
additional antioxidant in food because it can inhibit fat oxidation through several pathways including inactivation
of Reactive Oxygen Species (ROS) through antioxidant enzymes (superoxide dismutase (SOD) and catalase),
scavenge free radicals, chelating prooxidative transition metals, reducing hydroperoxide, and reducing
hydroperoxides, and enzymatically removes specific oxidants.(Elias, Kellerby, & Decker, 2008) Protein also acts
as an antimicrobial. Previous study explained that protein extracted from lemon, orange and grapefruit seeds could
inhibit the growth of some pathogenic bacteria.(Karabiber, Yilmaz, & Zorba, 2018)

The fat content in Robusta coffee leaves processed by the JGTP method was lower than in Arabica coffee leaves
with the same method. Based on previous research, Arabica coffee leaves have higher fat content about 4.5-12.5%.
Meanwhile, the carbohydrate content in Robusta coffee leaves was higher than in Arabica coffee leaves. In
previous study, carbohydrate content of Arabica coffee leaves was about 51.99-63.93%.(Woldesenebet, 2005)

In this study, Robusta coffee leaves processed by JGTP method have bioactive components of flavonoids,
chlorogenic acid, caffeine, and chlorophyll. Previous study has shown that coffee leaves contain flavonoids such
as quercetin, routine, and kaemferol.(Martins, Araujo, Tohge, Fernie, & DaMatta, 2014) Flavonoids can act as
antioxidants to scavenge free radicals, prevent the formation of reactive oxygen species (ROS), and increase
endogenous antioxidants (superoxide dismutase, catalase, and glutathione peroxidase). The mechanism of
flavonoids in preventing damage by free radicals is by giving hydrogen atoms to free radicals to form stable
flavonoxy radicals (flavonoids (O¢)). In addition, flavonoids can protect the phospholipid membrane by giving
one of the hydrogen ions to the radical lipid peroxyl, so that radical reactions can be stopped.(Hamid, Usman,
Aiyelaagbe, & Ameen, 2010; Irina & Mohamed, 2012) Flavonoids can also function as antibacterial by inhibiting
nucleic acid synthesis, inhibiting energy metabolism, changes in cytoplasmic membrane function, reducing cell
adhesion and biofilm formation and causing damage to the cytoplasmic membrane.(Farhadi et al., 2018)
Chlorogenic acid is an ester formed from hydroxynamic acid (caffeic acid, ferulic acid, p-kumaric acid) and quinic
acid and into the phenolic acid group.(Liang & Kitts, 2016) Chlorogenic acid can chelate transition metals like
Fe?* to scavenge free radicals and break radical chains. Chlorogenic acid scavenge DPPH radicals, superoxide
anions, hydroxyl radicals, and protect DNA from damage caused by oxidative stress.(Azam, Hadi, Khan, & Hadi,
2003) Chlorogenic acid also function as antibacterial. Chlorogenic acid is a phenolic bioactive compound that can



cause physiological changes in bacterial cell membranes.(Kabir et al., 2014) Chlorogenic acid causes cell
membrane rupture and release of the content inside the cellular. Chlorogenic acid changes in bacterial cell
membrane permeability that will cause damage to bacterial nucleotides.(Lou et al., 2011)

Robusta coffee leaves with processed by JGTP method also contained caffeine. Caffeine prevents lipid oxidation
by inhibiting the production of free radicals including hydroxyl radicals, peroxyl radicals, and singlet
oxygen.(Azam et al., 2003) Caffeine also acts as antibacterial agent. It can inhibit protein and DNA synthesis by
inhibiting the merging of adenine and thymidine. Besides, caffeine also increases genotoxicity after DNA
damage.(Pruthviraj et al., 2011)

The amount of chlorophyll in brewed Robusta coffee leaves was very low compared to the amount of chlorophyll
in tea leaves. Chlorophyll acts as antioxidants, where it can prevents the Fenton reaction, by chelating Fe(ll).
Chlorophyll directly scavenges the hydroxyl free radicals generated from H,0,.(Hsu, Chao, Hu, & Yang, 2013)
It can also acts as antibacterial by increasing membrane permeability in bacteria.(Kustov et al., 2018) This will
cause changes in membrane structure and accelerate intracellular leakage thereby destroying membrane integrity
which will facilitate the entry of antibacterial.(Wu et al., 2016)

The results showed that Robusta coffee leaves with the JGTP method had a DPPH radical inhibition. Based on
the results of this analysis, Robusta coffee leaves and brewed coffee leaves have high antioxidant activity, being
able to capture free radicals by 50%. The results of this study are in line with research on green tea, where green
tea has a DPPH radical inhibition more than 50%.

The results of antibacterial of brewed coffee leaves showed the inhibitory power of 5 ¢, 10 g, 15 g, and 20 g
brewed Robusta coffee leaves against Escherichia coli and Salmonella typhi bacteria. Escherichia coli and
Salmonella typhi belong to gram-negative bacteria. The greater the amount of leaves in the brewed process, the
greater the diameter of the inhibition zone formed. The effectiveness of antibacterial substances will be influenced
by the concentration of these substances. An increase in the concentration of the substance causes an increase in
the content of active compounds such as flavonoids, caffeine and chlorogenic acid which functions as an
antibacterial so that its ability to inhibit bacterial growth increases.(Mufti, Bahar, & Arisanti, 2017; Muslim &
Dephinto, 2017) Previous study conducted on CTC brewed black tea with a comparison of tea weight and water
volume (w/v) 1:50, 2:50, and 3:30 resulted in an area of 29.89 successive barriers; 33.64 and 45.02 mm?.(Rohdiana
etal., 2013)

Conclusion

Robusta coffee leaves in this research were processed by JGTP method with 75-second blanching. The best
organoleptic based on color, aroma, and taste was 5 g of dried Robusta coffee leaves. Brewed Robusta coffee
leaves processed by the Japanese Style Green tea Process (JGTP) have contain flavonoids 0.10 mg QE/g,
chlorogenic acid 3.49 mg/g, caffeine 0.194 mg/g and high antibacterial activity in 20 g of brewed Robusta coffee
leaves.

Conflict of Interest

No conflict of interest.

Acknowledgments

This research was supported by Research and Development (RPP) from the Faculty of Medicine, Universitas
Diponegoro.

References

Analysis., O. M. of. (2005). Official Methods of Analysis. (18th ed.). AOAC International: USA.

Azam, S., Hadi, N., Khan, N. U., & Hadi, S. M. (2003). Antioxidant and Prooxidant Properties of Caffeine ,
Theobromine and Xanthine. Med Sci Monit., 9(9), 325-331.

Belay, A. (2011). Some biochemical compounds in coffee beans and methods developed for their analysis.
International Journal of the Physical Sciences, 6(28), 6373-6378.

Campa, C., Urban, L., Mondolot, L., Fabre, D., Roques, S., Lizzi, Y., ... Etienne, H. (2017). Juvenile Coffee
Leaves Acclimated to Low Light Are Unable to Cope with a Moderate Light Increase. Front Plant Sci., 8(1126),
1-16.

10



Chacko, S. M., Thambi, P. T., Kuttan, R., & Nishigaki, I. (2010). Beneficial effects of green tea: A literature
review. Chin Med, 5(15), 1-9.

Chaturvedula, V. S. P., & Prakash, 1. (2011). The aroma, taste, color and bioactive constituents of tea. Journal of
Medicinal Plants Research, 5(11), 2110-2124.

Chen, X. (2019). A Review on Coffee Leaves : Phytochemicals, Bioactivities and Applications. Crit Rev Food
Sci Nutr, 59(6), 1008-1025.

Chen, X.-M., Ma, Z., & Kitts, D. D. (2018). Effects of processing method and age of leaves on phytochemical
profiles and bioactivity of coffee leaves. Food Chemistry, 249, 143-153.

Elias, R. J., Kellerby, S. S., & Decker, E. A. (2008). Antioxidant Activity of Proteins and Peptides. Critical
Reviews in Food Science and Nutrition, 48(5), 430-441.

Farhadi, F., Khameneh, B., Iranshahi, M., & Iranshahy, M. (2018). Antibacterial activity of flavonoids and their
structure — activity relationship : An update review. Phyther Res, 1-28.

Gokul G, & Lakshmanan, R. (2016). Effect Of Chlorhexidie Mouthwash On Taste Alteration. Asian J Pharm Clin
Res, 9(1), 102-104.

Hamid, A. A., Usman, L. A., Aiyelaagbe, O., & Ameen, M. O. (2010). Antioxidants: Its Medicinal and
Pharmacological Applications. African J Pure Appl Chem, 4(8), 142-151.

Hasanah, M., Maharani, B., & Munarsih, E. (2017). Daya Antioksidan Ekstrak Dan Fraksi Daun Kopi Robusta
(Coffea robusta) terhadap Pereaksi DPPH (2,2-difenil-1-pikrilhidrazil) (Antioxidant of Extract and Fraction
Coffea robusta Leaves with Diphenylpicrylhidrazyl (DPPH) Method. Indonesian Journal of Pharmaceutical
Science and Technology, 4(2), 42-49.

Ho, C.-T., Zheng, X., & Li, S. (2015). Tea Aroma Formation. Food Science and Human Wellness, 4(1), 9-27.
Hsu, C.-Y., Chao, P.-Y., Hu, S.-P., & Yang, C.-M. (2013). The Antioxidant and Free Radical Scavenging
Activities of Chlorophylls and Pheophytins. Food and Nutrition Sciences, 4, 1-18.

Iring, 1., & Mohamed, G. (2012). Biological Activities and Effects of Food Processing on Flavonoids as Phenolic
Antioxidants. In Advances in Applied Biotechnology. (pp. 112-114). Croatia.

Kabir, F., Katayama, S., Tanji, N., & Nakamura, S. (2014). Antimicrobial Effects of Chlorogenic Acid and Related
Compounds. Journal of the Korean Society for Applied Biological Chemistry, 57(3), 359-365.

Kanisius, A. A. (1988). Budidaya Tanaman Kopi (16th ed.). Yogyakarta: Kanisius.

Karabiber, E., Yilmaz, E., & Zorba, N. N. D. (2018). antimicrobial and functional properties of the proteins
extracted from lemon, orange and grapefruit seeds press meals. Quality Assurance and Safety of Crops & Foods,
10(2), 1-10.

Keast, R. S. J., & Roper, J. (2007). A Complex Relationship Among Chemical Concentration, Detection
Threshold, and Suprathreshold Intensity of Bitter Compounds. Chem Senses, 32(3), 245-253.

Khotimah, K. (2014). Karakteristik Kimia Kopi Kawa dari Berbagai Umur Helai daun Kopi yang Diproses dengan
Metode Berbeda. J Teknol Pertan, 9(1), 40-45.

Kustov, A. V., Belykh, D. V., Smirnova, N. L., Venediktov, E. A., Kudayarova, T. V., Kruchin, S. O., ... Berezin,
D. B. (2018). Synthesis and investigation of water-soluble chlorophyll pigments for antimicrobial photodynamic
therapy. Dyes and Pigments, 149, 553-559.

Ky, C.-L., Louarn, J., Dussert, S., Guyot, B., Hamon, S., & Noirot, M. (2001). Caffeine, trigonelline, chlorogenic
acids and sucrose diversity in wild Coffea arabica L. and C. canephora P. accessions. Food Chemistry, 75(2), 223—
230.

Li, X., Zhou, R., Xu, K., Xu, J., Jin, J., Fang, H., & He, Y. (2018). Rapid Determination of Chlorophyll and
Pheophytin in Green Tea Using Fourier Transform. Molecules, 21, 1-13.

Liang, N., & Kitts, D. D. (2016). Role of Chlorogenic Acids in Controlling Oxidative and Inflammatory Stress
Conditions. Nutrients, 6, 16.

Lou, Z., Wang, H., Zhu, S., Ma, C., & Wang, Z. (2011). Antibacterial Activity and Mechanism of Action of
Chlorogenic Acid. J Food Sci., 76(6), 398-403.

Manach, C., Scalbert, A., Morand, C., Rémésy, C., & Jiménez, L. (2004). Polyphenols: Food Sources and
Bioavailability. The American Journal of Clinical Nutrition, 79(5), 727-747.

Martins, S. C. V., Aradjo, W. L., Tohge, T., Fernie, A. R., & DaMatta, F. M. (2014). n High-Light-Acclimated
Coffee Plants the Metabolic Machinery Is Adjusted to Avoid Oxidative Stress Rather than to Benefit from Extra
Light Enhancement in Photosynthetic Yield. PLoS ONEZ2, 9(4), 1-11.

Mufti, N., Bahar, E., & Arisanti, D. (2017). Uji Daya Hambat Ekstrak Daun Sawo terhadap Bakteri Escherichia
coli secara In Vitro (Inhibition Test of Inhibition Test of Sawo Leaf Extract Against Escherichia coli Bacteria in
Vitro). Jurnal Kesehatan Andalas, 6(2), 289-294.

Muslim, Z., & Dephinto, Y. (2017). Perbandingan Efektivitas Antimikroba Ekstrak Daun Kopi Robusta (Coffea
Canephora) Dengan Variasi Pengeringan Terhadap Escherichia coli (Comparison of Antimicrobial Effectiveness
of Robusta (Coffea Canephora) Leaf Extract with Drying Variations on Escheric. J Sains Dan Teknol Farm, 19,
86-88.

Naegele, E. (2016a). Determination of Caffeine in Coffee Products According to DIN 20481. Agil Technol, 1-6.

11



Naegele, E. (2016b). Determination of Chlorogenic Acid in Coffee Products According to DIN 10767. Agil
Technol, 1-8.

Nayak, B., Liu, R. H., & Tang, J. (2015). Effect of Processing on Phenolic Antioxidants of Effect of Processing
on Phenolic Antioxidants of Fruits, Vegetables, and Grains — A Review. Crit Rev Food Sci Nutr., 55(7), 887—
918.

Nayeem, N., Denny, G., & Mehta, S. K. (2011). Comparative phytochemical analysis, antimicrobial and anti
oxidant activity of the methanolic extracts of the leaves of Coffea Arabica and Coffea Robusta. Der Pharmacia
Lettre, 3(1), 292-297.

Permadi, M. R., Oktafa, H., & Agustianto, K. (2018). Perancangan Sistem Uji Sensoris Makanan dengan
Pengujian Peference Test (Hedonik dan Mutu Hedonik), Studi Kasus Roti Tawar Menggunakan Algoritma Radial
Basis Function Network (Design of Food Sensory Test System with Peference Test (Hedonic and Hedonic Qua.
Jurnal Mikrotik, 8(1), 29-42.

Pourcel, L., Routaboul, J.-M., Cheynier, V., Lepiniec, L., & Debeaujon, 1. (2007). Flavonoid Oxidation in Plants :
from Biochemical Properties to Physiological Functions. Trends Plant Sci., 12(1), 29-36.

Prawira-Atmaja, M. 1., Shabri, Khomaini, H. S., Maulana, H., Harianto, S., & Rohdiana, D. (2018). Changes in
chlorophyll and polyphenols content in Camellia sinensis var. sinensis at different stage of leaf maturity. Earth
Enviromental Sci, 131, 1-7.

Pruthviraj, P., Shital, K., Suchita, B., & Shilpa, K. (2011). Evaluation of Antibacterial Activity of Caffeine. Int J
Res Ayurveda Pharm, 2(4), 1354-1357.

Rhayanne T. M. Ramos, I. C. F. B., Ferreira, M. R. A., & Soares, L. A. L. (2017). Spectrophotometric
Quantification of Flavonoids in Herbal Material, Crude Extract, and Fractions from Leaves of Eugenia uniflora
Linn. Pharmacognosy Res., 9(3), 253-260.

Rohdiana, D., Arief, D. Z., & Budiman, A. (2013). Aktivitas penghambatan pertumbuhan bakteri Escherichia coli
oleh berbagai jenis teh dan seduhannya. (Inhibitory activity of Escherichia coli by type of teas and its liquors).
Jurnal Penelitian Teh Dan Kina, 16(1), 37-44.

Sadino, A., Sahidin, I., & Wahyuni, W. (2018). Antibacterial Activity of Polygonum pulchrum Blume Ethanol
Extract on Staphylococcus aureus and Escherichia coli. Pharmacol Clin Pharm Res., 3, 26-32.

Silva, L. A. L. da, Pezzini, B. R., & Soares, L. (2015). Spectrophotometric Determination of The Total Flavonoid
Content in Ocimum basilicum L.(Lamiaceae) Leaves. Pharmacogn Mag, 11(41), 96-101.

SNI. (2016). SNI 3945:2016 Teh Hijau (Green Tea). Jakarta.

Woldesenebet, A. (2005). Nutritional Composition, Phytochemical Screening, Processing Methods and Sensory
Attributes of A Brew Made From Infusions of Matured Leaves of Arabica Coffee Tree Consumed In Sidama,
Kambata and Harar Communities, Ethiopia. Addus Ababa University.

Wu, Y., Bai, J., Zhong, K., Huang, Y., Qi, H., Jiang, Y., & Gao, H. (2016). Antibacterial Activity and Membrane-
Disruptive Mechanism of 3-p-trans Coumaroyl-2-hydroxyquinic Acid, a Novel Phenolic Compound from Pine
Needles of Cedrus deodara, against Staphylococcus aureus. Molecules2, 21(8), 1-12.

Zou, G., Xiao, Y., Wang, M., & Zhang, H. (2018). Detection Of Bitterness And Astringency Of Green Tea With
Different Taste By Electronic Nose And Tongue. PLoS ONE, 13(12), 1-10.

12



Hasil Review

«QoDvVvye=sr@0

Inbox 187
Starred

Snoozed

Important

Sent

Drafts 54
Categories

More

Labels TP

B [Imap)/Archive
® [Imap]/Drafts
B Notes

ICHWB Submission and Review System <conferences-noreply@ums.ac.id=

tome >

Fri, 22/11/2019 - 9:27pm
This is to inform you that your submission has been changed by the
track-director.

The status of your submitted paper no 14787 is Revision Required

We thank you for submitting your abstract titled "Bioactive components and
antibacterial activity study in Robusta coffee leaves (coffea canephora)” for
ing and ishing in | ional Confe on Health and
Wellbeing, going to be held at Muhammadiyah Surakarta University on 3-4

December 2019,
‘Your abstract is accepted for presentation, and reviewer's comments for
publication in Scopus indexed journal will be sent later.

Revision Required

Detail information of your paper and LETTER OF ACCEPTANCE can be found in

your author account (login required)
For registration your p i dance, please visit
http:/fiseth.ums.ac.id/2019/reg19

Please lonin to vour authar aceount

13



Hasil Review OJS

<« 0pDpvye®x @

Inbox 187
Starred
Snoozed

Important

Sent

Drafts 54
Categories

More

Labels TP

B [Imapl/Archive
B [Imap)/Drafts
B  Notes

ICHWB2019 status your paper submission 14787 - Revision Required Inbox x

ICHWB Submission and Review System <conferences-noreply@ums.acid>

tome *

Wed, 15/01/2020 - 1:09pm
This is to inform you that your submission has been changed by the
track-director.

The status of your submitted paper na 14787 is Revision Required

The internal reviewers have assessed your submission and feel that your
“Bioactive and ial activity study in Robusta

coffee leaves (coffea canephora)” has potential for publication in journal

indexed by Scopus with a minor revision. Please revise your manuscript as the

following comments and resubmit the final revision to ICHWB website by

Wednesday, 22 th January 2020

A submission after the deadline will be presume that you have withdrawn your

submission.

We look forward to hearing from you

Revision Required

Detail information of your paper and LETTER OF ACCEPTANCE can be found in

Wed, Jan 15, 2020, 1:09 PM

e

¥ © Reply

&

14



Hasil Perbaikan Artikel

«0Dovuexn

Inbox 187
Starred

Snoozed

Important

Sent

Drafts 54
Categories

More

Labels TP

B [imapl/Archive
® [Imapl/Drafts
B Notes

Paper Gemala Anjani (revised) Inbox x 2 ©
Vita Almira <vitagalmira@gmail.com: @& Wed, Mar 4,2020, 11:42AM ¢ ¢y Reply
tolrri5t, me =

¥ Indonesian =~ > English =  Translate message Turn off for: Indonesian x

Dear Bu Luluk,

Berikut terlampir revisi paper kami yang berjudul “Bioactive components and antibacterial activity in Robusta coffee leaves (coffea canephora)”
dengan Gemala Anjani, N i Widy i, Zulfatul M. h, Rizka Ayu Dwi Yuliana, Vita Gustin Almira, A Fahmy Arif Tsani, Choirun Nissa, M Igbal Prawira-
Atmaja sebagai authors,

Terima kasih
Best Regards,

Vita Gustin Almira, 5.Gz

15



Bioactive components and antibacterial activity in Robusta
coffee leaves (coffea canephora)

Gemala Anjanit2*" Nurmasari Widyastuti2¢, Zulfatul Masruroh?, Rizka Ayu Dwi Yuliana!, Vita Gustin Almiral,
A.Fahmy Arif Tsani*?, Choirun Nissa?, M Igbal Prawira-Atmaja®

1 Department of Nutrition Science, Faculty of Medicine, Universitas Diponegoro, Semarang, Indonesia

2 Center of Nutrition Research (CENURE), Universitas Diponegoro, Semarang, Indonesia

3 Research Institute for Tea and Cinchona, Bandung, Indonesia

Abstract

Purpose: To analyze bioactive components and antibacterial activity in brewed Robusta coffee leaves that
processed by Japanese Style Green Tea Process (JGTP).

Methodology: This was an experimental research with the sample of Robusta coffee leaves and brewed Robusta
coffee leaves. The coffee leaves were brewed in water at 70°C during 10 minutes. The analysis of nutrition
contents by proximate method, total flavonoids by calorimeter method, chlorogenic acid and caffeine by HPLC
method, antioxidant activity by DPPH method, total chlorophyll using the arnon formula and antibacterial activity
by disk diffusion method in 5, 10, 15, and 20 g.

Results: There were significant differences in color, taste, and acceptability of brewed Robusta coffee leaves. The
best acceptance of brewed Robusta coffee leaves was 5 g of dried coffee leaves. Robusta coffee leaves contain
3,1% water, 6,03% ash, 17,76% protein, 2,37% fat, and 70,83% carbohydrate. The content of flavonoids,
chlorogenic acid and caffeine in Robusta coffee leaves were 0.81 mgQE/g, 16.92 mg/g, 0.46 mg while in the
brewed were 0.10 mgQE/qg, 3.49 mg/g, 0.19 mg/g, respectively. The inhibition of free radical in Robusta coffee
leaves were 90,2-92,7%, while in the brewed were 83,3-86,1%. Total chlorophyll of dried leaves were 63,62-
69,39 mg/L and the brewed were 2,08-6,01 mg/L. Antibacterial activity Escherichia coli 7,65-9,89 mm and
Salmonella tiphy 7,47-8,70 mm inhibition zone.

Applications/Originality/Value: The role of various bioactive components in Robusta coffee leaves on antioxidant
and antibacterial activity.

¢ Both authors contributed equally to this manuscript
* Corresponding author: gemaanjani@gmail.com
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Introduction

Coffee plant (Coffea sp.) is included in the family Rubiaceae. In general, there are three types of coffee,
including Arabica coffee (Coffea arabica), Robusta coffee (Coffea canephora), and Liberica coffee (Coffea
liberica). The most widely consumed coffee in Indonesia is Robusta coffee. Robusta coffee can be easily grown
at lower altitude of less than 1000 meters above sea level and it resilient against disease and pests.(Kanisius, 1988)

The results of research on Arabica coffee leaves have nutritional content based on proximate components.
Proximate components of Arabica coffee leaves from the Ethiopian region include 5.5-7.8% moisture, 8.8-12.4%
ash content, 14.4-19.0% protein, 4.5-12.5% fat, and 51.0-63.9% carbohydrate.(\Woldesenebet, 2005) Robusta
coffee leaves contain phytochemicals that vary depending on leaf development.(X.-M. Chen, Ma, & Kitts, 2018)
The younger the coffee leaves, the higher the chlorogenic acid content even 10 times higher than the old coffee
leaves.(Campa et al., 2017) The content of chlorogenic acid in Robusta coffee is higher compared to Arabica
coffee, respectively 11.3% and 4.1%.(Ky et al., 2001) The caffeine content in young Robusta coffee leaves (0.29-
0.5%) is lower than the caffeine content in its fruit (1.6-2.4%).(Khotimah, 2014)

Robusta coffee leaves also contain phenolic acid and total flavonoids, respectively 27.04 pg/g and 10.90
ng/g higher than Arabica coffee leaves respectively 21.80 pg/g and 8.08 pg/g.(Nayeem, Denny, & Mehta, 2011)
Flavonoids as natural antioxidants can prevent the occurrence of diseases, such as cancer, metabolic syndrome,
diabetes mellitus, and atherosclerosis which associated to oxidative stress.(X. Chen, 2019; Manach, Scalbert,
Morand, Rémésy, & Jiménez, 2004)

The content of caffeine, flavonoids, and chlorogenic acid of coffee leaves can also function as the
prevention of diarrhea. Caffeine can inhibit protein and DNA synthesis by inhibiting the merging of adenine and
thymidine. Caffeine also increases genotoxicity after DNA damage.(Pruthviraj, Shital, Suchita, & Shilpa, 2011)
Flavonoids as an antibacterial by inhibiting nucleic acid synthesis, inhibiting energy metabolism, and changes in
cytoplasmic membrane function.(Farhadi, Khameneh, Iranshahi, & Iranshahy, 2018) In addition to flavonoids,
there are chlorogenic acid contents that function as antibacterial. Chlorogenic acid is a phenolic bioactive
compound causes physiological changes in bacterial cell membranes that encourage damage to bacterial
nucleotides.(Kabir, Katayama, Tanji, & Nakamura, 2014; Lou, Wang, Zhu, Ma, & Wang, 2011)

The processing of coffee leaves to obtain optimal antibacterial is done by minimizing chemical and
enzymatic reactions to prevent damage in phytochemical content. The process can be obtained using green tea
processing.(X.-M. Chen et al., 2018) The processing of green tea is able to produce phenolic components 6 times
higher than black tea. Green tea processing aims to maintain the content of natural polyphenols which have
beneficial effects on health. (Chacko, Thambi, Kuttan, & Nishigaki, 2010). Therefore, the aim of this research
was to examine bioactive components, including caffeine, chlorogenic acid, total flavonoids, antioxidant activity,
total chlorophyll, and nutritional contents and antibacterial activity in Robusta coffee leaves by green tea
processing.

Materials and Methods

The samples used Robusta canephora Pierre ex Froehner from Gambung village. Coffee leaves were
processed using the Japanese Style Green Tea Process (JGTP) method at the Tea Quality Processing and Testing
Laboratory, Tea and Quinine Research Center (PPTK) Gambung, Bandung Regency, West Java, Indonesia.
Preliminary research was conducted to obtain the JGTP procedure at the withering stage, including 2 minutes
steaming method and 45 s, 60 s, and 75 s of blanching. The best withering method was chosen based on the results
of the best organoleptic tests conducted by trained panelists. The best withering result that will be used in the
processing of coffee leaves was the blanching method for 75 s.

This study was an experimental study with one factor completely randomized design (CRD) with 2
samples, dried Robusta coffee leaves and brewed Robusta coffee leaves. Dried Robusta coffee leaves were brewed
with 200 ml of water in 70°C for 10 minutes. Samples were analyzed in duplicate with three replications.

Processing Robusta Coffee Leaves with JGTP Method

JGTP method was carried out through 5 steps, picking; blanching; cooling, crushing, and drying. Coffee
leaves were picked from 2", 3, and 4™ leaf of each branch of coffee plants, sorted, then carried out the blanching
process for 75 s. Leaves were soaked in water and put in seducer for + 15 minutes while separating the leaves
from its midrib. The next process was crushing the leaves three times using a crushing-tearing-curling machine
(CTC) (CNC, Sri Lanka). The last process was the drying process. The drying process was 4-5 hours long by a
rack drier machine (CNC, Sri Lanka) at 80°C.
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Proximate Analysis

Proximate analyses using dried Robusta coffee leaves samples processed by JGTP to analyze the
moisture, ash, fat, protein, and carbohydrate contents with AOAC 2005 method.(Analysis., 2005)

Total Flavonoid Analysis

5 grams of dried Robusta coffee leaves in 200 ml of methanol were homogenized with a magnetic stirrer
for £ 30 minutes. The solution was taken 60 ml for centrifugation, then coffee leaves produced supernatant in
methanol. Meanwhile, 5 grams of dried Robusta coffee leaves were brewed in 200 ml of hot water (70°C) for 10
minutes and stirred. After being dissolved in water, 60 ml was taken to be centrifuged, coffee leaves supernatant
will be produced in brewed water. Afterwards, two samples were analyzed.

Total flavonoid analysis using aluminum chloride (AICI3) calorimetry method with absorbance
measurement using UV-VIS spectrophotometer. 1 ml of sample solution was mixed with 9 ml of methanol. Pipette
2.8 ml sample solution; 0.4 ml AICI; 5%; 6.8 ml of 5% acetic acid. Incubation for 30 minutes, measure the
absorbance (A 428 nm). Calibration curves used the standard quercetin in methanol (0.005 mg / ml) with varying
concentrations of 0 pg/ml, 5 pg/ml, 10 pg/ml, 20 pg/ml, 40 pg/ml, and 60 pg/ml. Standard was carried out using
the same procedures as samples. (Rhayanne T. M. Ramos, Ferreira, & Soares, 2017; Silva, Pezzini, & Soares,
2015)

Analysis of Chlorogenic Acid and Caffeine

Analysis of chlorogenic acid using 20 g of dried coffee leaves extracted with 150 mL methanol:water
(50:50 v/v) in soxhlet. After 4-5 cycles, soxhletation was stopped and cooled down at room temperature. The
extract was transferred into a 200 mL flask and the volume was adjusted to 200 mL with a mixture of methanol-
water. Meanwhile, caffeine analysis using 10-20 g of coffee leaves were added to 5 g of MgO and put into 200
mL of water. Furthermore, the samples were heated in a water bath at 90°C and sterilized for 20 minutes. Then
the extracts were filtered with 0.45uL, 25 mm cellulose filter cartridge. The filtrates were injected into the
HPLC.(Naegele, 2016a, 2016b)

Total Chlorophyll Test

The total chlorophyll test was carried out by 5, 10, 15 and 20 grams of brewed Robusta coffee leaves
compared to the samples dissolved with 80% acetone. Total chlorophyll test was conducted using 663 nm and
645 nm wave spectrophotometry. Chlorophyll levels were calculated using the Arnon formula: (Prawira-Atmaja
etal., 2018)

Chlorophyll a = (12.7 x A663) - (2.69 x A645)
Chlorophyll b = (22.9 x A645) - (4.68 x A663)
Total chlorophyll = (20.2 x A645) + (8.02 x A663)

Analysis of Antioxidant Activity

Sample preparation was performed as a total flavonoid test. Antioxidant activity was analyzed using the
DPPH method (1,1-diphenyl-2-picrylhydrazyl). A DPPH 0.4 mM solution was prepared by 0.00394 g of DPPH
powder and dissolved in absolute methanol to 25 ml. The test was done by piping 0.1 ml of samples and sufficient
volume with absolute methanol into a 5 ml measuring flask, then vortex. Measurement of antioxidant activity was
done by adding 1 ml of DPPH 0.4 mM solution, then vortex for £ 1 minute. Incubate the solutions for 30 minutes
in a dark place, measured the absorbance by UV-VIS spectrophotometry (A517 nm). A blank solution was
obtained by piping 5 ml absolute methanol and 1 ml DPPH solution, left for 30 minutes in a dark place and
measuring the absorbance as with the samples.(Hasanah, Maharani, & Munarsih, 2017)

Antibacterial Activity Test

Antibacterial activity test was carried out by the disk diffusion Kirby-Bauer method.(Rohdiana, Arief, &
Budiman, 2013) This method was used to see the bacterial growth inhibition response based on the diameter of
the clear zone of E. coli and S. typhi. Antibacterial activity test began by dissolving nutrients with aquades. The
media stock and the equipment used were put into a 121°C autoclave for 20 minutes. The next step was making a
suspension by taking an ose of pure bacteria and implanting it in a solution of NaCl. Next, applied the suspension
to the hard agar using a sterile cotton swab. Blank discs that have been soaked in 5, 10, 15, and 20 grams of
brewed Robusta coffee leaves for 20 minutes were placed on hard agar and incubated at 37°C for 24-hour
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incubation periods. Classification of bacterial growth inhibition was observed by clear zone diameter consists of
4 groups: weak response (diameter < 5 mm), moderate (diameter 5-10 mm), strong (diameter 10-20 mm), and
very strong (diameter > 20 mm).(Sadino, Sahidin, & Wahyuni, 2018)

Organoleptic Test

Organoleptic test was carried out by 30 semi-trained panelists of Nutrition Sciences students with
variations in weight of 5, 10, 15, and 20 grams of dried coffee leaves brewed with water at 70°C. The assessment
of quality attributes of brewed coffee leaves used 4 favorite scales, 1 (dislike very much), 2 (dislike slightly), 3
(like slightly), and 4 (like very much).

Statistic Analysis

Statistical analysis using univariate and bivariate analysis. If the data is normally distributed, use the
paired t test, whereas if the data is normally distributed, use the Wilcoxon test. Analysis of antioxidant activity
using the One Way Anova statistical test if normally distributed, and using the Kruskal Wallis test if the
distribution is not normal. The analysis was performed with a 95% confidence level with p value 0.05 and a =
0.05.

Results

Processing Robusta Coffee Leaves with JGTP Method

Based on the appearance and color aspects, brewed coffee leaves with the blanching method had an
average value from 7.5 to 8 (1-10) while the steaming method got a value of 4 (1-10) as seen in Figure 1. The
taste of brewed using the blanching method had an average value from 34 to 35 (20-49) and obtaining a value of
27 for brewed by steaming method. The aroma of brewed and pulp of coffee leaves had a value of 5-5.50 (1-10)
for the method of blanching water and steaming. From the aspect of the aroma of coffee grounds pulp obtained a
value of 9 for each blanching method and 4 for the steaming method (1-10). Based on organoleptic test, the 75-
second blanching method was a processing method that had the highest average score.

% Blanching 45"  wBlanching 60" = Blanching 75" = Steaming

40
35
30
25

20
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15

10

il |

Appearance  Brewing Brewing taste Brewing Pulp color  Pulp aroma
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Figure 2. Selection of Withering Methods
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Nutrient Content

The material used in this study was Robusta coffee leaves which have been dried through the Japanese

Style Green Tea Process (JGTP) method as seen in Table 1.
Table 7. Nutrient Content of Dried Robusta Coffee Leaves

Proximate Component Mean=SD (%)
Moisture 3.1+0.00

Ash 6.03+0.90
Protein 17.76x2.06

Fat 2.37+0.25
Carbohydrate 70.83+2.83

Note : SD = standard deviation

Bioactive Components (total flavonoids, chlorogenic acid, caffeine)

The results of the analysis showed that the content of bioactive components, as total flavonoids,
chlorogenic acid and caffeine in Robusta coffee leaves as seen in Table 2.
Table 8. The Content of Bioactive Components

Total flavonoids Chlorogenic acid Caffeine
Treatment (mg QE/g) (mg/g) (mg/g)
MeanzSD MeanzSD MeanzSD
Dried coffee leaves 0.81+£0.02 16.58 £ 0.48 0.456 +0.08
5 g of brewed coffee leaves 0.10+£0.01 3.49+1.62 0.194 £ 0.00

Note: 5 g of dried coffee leaves were brewed with 200 mL of water at 70°C for 10 minutes

Total Chlorophyll

The results of chlorophyll analysis showed a significant difference in the groups of brewed coffee leaves
(p = 0.000). While the results of chlorophyll analysis showed significant differences in the coffee leaves group (p
= 0.014) and brewed coffee leaves (p = 0.000). The results of total chlorophyll analysis showed significant
differences in each coffee leaves group (p = 0.006) and brewed coffee leaves group (p = 0.000). There were
significant differences in chlorophyll a, chlorophyll b and total chlorophyll between coffee leaves and brewed

coffee leaves (p = 0,000) as seen in Table 3.
Table 9. Total Chlorophyll

Chlorophyll a Chlorophyll b Total Chlorophyll
samples Dried coffee Brewed coffee Dried coffee Brewed coffee Dried coffee Brewed coffee
leaves leaves leaves leaves leaves leaves
Mean = SD Mean = SD Mean + SD Mean = SD Mean = SD Mean = SD
59 23.66+0.35% 0.741£0.042 39.98+2.372 1.35+0.112 63.62+2.012 2.08+0.142
109 23.75+0.17% 1.16+0.09° 42.65+0.63 % 2.19+0.13° 66.37+0.67 @ 3.35+0.22°
159 23.97+0.392 1.73£0.31¢ 43.17+0.612 3.19+0.44°¢ 67.13+0.99 @ 4.91+0.75°¢
209 24.66+0.732 2.12+0.02°¢ 44.76+0.80° 3.91+0.524 69.40+1.45° 6.01+0.09 ¢
px 0.098 0.000* 0.014* 0.000* 0.006* 0.000*

Note: One-way-anova.test. Dried coffee leaves were brewed with 200 mL of water at 70°C for 10 minutes.. *Significant (p <
0.05). Numbers followed by superscript letters (a,b,c,d) differ to show significant differences.

Antioxidant Activity

The results of the analysis showed that there were no significant differences in the Robusta coffee
leaves group (p = 0.206) and brewed (p = 0.131) as seen in Table 4.
Table 10. Antioxidant Activity with DPPH Method
Inhibition (%)

Treatment Dried coffee leaves Brewed coffee leaves D
Mean + SD(%) Mean * SD (%)
5 gram 92.7£0.61 84.9 £0.23 0.109p
10 gram 91.8+0.76 86.1+0.85 0.019"
15 gram 92.0+2.00 85.6 +1.20 0.0217a
20 gram 90.2+1.36 83.3+1.47 0.000"
0,206? 0,131y

Note: Dried coffee leaves were brewed with 200 mL of water at 70°C for 10 minutes. *Significant (p <0,05). P Wilcoxon
test, 9Paired t test, 2One way Anova, YKruskal Wallis test
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Antibacterial Activity Test

The results of the antibacterial activity analysis in Escherichia coli and Salmonella typhi showed
significant differences in the groups of brewed coffee leaves (p = 000) as seen in Table 5.
Table 11. Antibacterial Activity

Samples Escherichia coli Salmonella typhi
Mean + SD Inhibition Mean + SD Inhibition
5¢g 7.65+0.102 Medium 7.47+0.282 Medium
10g 8.47+0.15P Medium 8.20+0.05° Medium
15¢g 9.17+0.15¢ Medium 8.55+0.26° Medium
20g 9.89+0.26¢ Medium 8.70+0.19¢ Medium
p 0,000* 0,000*

*One Way Anova test. *Significant (p < 0.05). Numbers followed by superscript letters (a,b,c,d) differ to show
significant differences.

Acceptability of Brewed Coffee Leaves

There was a significant difference in the color and Taste of brewed coffee leaves (p = 0,000) and
did not show a significant difference in the aroma of brewed coffee leaves (p = 0.392) as seen in Table 6.
Table 12. Acceptability of Brewed Coffee Leaves

Treatment Color Aroma Taste
Median Note Median Note Median Note
5¢ 3(1-4)? Like slightly 3(1-4)2 Like slightly ~ 3(2-4)? Like slightly
109 3(2-4)® Like slightly 3(2-4)2 Like slightly  2(1-3)? Dislike slightly
15¢ 2,5(1-4)c Dislike slightly ~ 3(1-4)? Like slightly — 1(1-4)° Dislike very much
209 2(1-4)¢ Dislike slightly ~ 3(1-4)? Like slightly  1(1-2)¢ Dislike very much
p 0,000* 0,392 0,000*

Note: Kruskal Wallis test. *Significant (p < 0.05). Numbers followed by superscript letters (a,b,c,d) differ to show
significant differences.

Discussion

In this study, Robusta coffee leaves were processed by the Japanese Style Green Tea Process (JGTP).
JGTP method is one of the tea processing without fermentation process. Previous study has explained that the
JGTP method in Arabica coffee leaves has higher phytochemicals concentration compared to other tea-making
methods.(X.-M. Chen et al., 2018). The blanching process was used at the withering stage. Blanching can
deactivate the enzyme polyphenol oxidase (PPO) which can cause oxidation.(Pourcel, Routaboul, Cheynier,
Lepiniec, & Debeaujon, 2007)

Oxidation is a degenerative process triggered by the presence of free radicals which causes rancidity and
decreasing components in food. The oxidation process causes the loss of phenolic components of food.(X.-M.
Chen et al., 2018) The blanching process increases the polyphenol content during extraction.(Nayak, Liu, & Tang,
2015) In addition, the processing of green tea maintain the composition of chlorophyll including chlorophyll a
(Chl a) and chlorophyll b (Chl b) that acts as an antibacterial.(Li et al., 2018)

Based on acceptability of brewed coffee leaves, the best acceptance was 5 g of brewed coffee leaves.
The more the amount of leaves that are brewed, it will produce a thick yellowish-green color. Coffee leaves
products using the JGTP method do not undergo oxidation of polyphenol compounds so that the resulting color
was greenish or yellowish-green. Green is the main color determined by the chlorophyll content. Chlorophyll a
on the leaves will produce a dark green color and chlorophyll b will produce a yellowish-green color. In addition
to the chlorophyll content, flavonol content also plays a role in producing a yellowish color on the coffee leaves
by the JGTP method.(Chaturvedula & Prakash, 2011)

Based on the aroma described by panelists, the aroma of brewed coffee leaves such as the aroma of fresh
leaves. The more the amount of leaves in brewed, the smell will be thicker and increasingly disliked by panelists.
The aroma of the leaves is caused by the high compound of catechins.(Ho, Zheng, & Li, 2015) The taste of brewed
coffee leaves was bitter. The bitter taste is influenced by the presence of chlorogenic acid and caffeine.(Belay,
2011; Gokul G & Lakshmanan, 2016) Caffeine is a natural compound in food and drinks that contributes to affect
the bitter taste. Some studies show that the main taste of caffeine is bitter. Caffeine generally amounts to 2-5% of
the dry weight of tea. Caffeine will cause a bitter taste on the tongue depending on the level of concentration. (Keast
& Roper, 2007; Zou, Xiao, Wang, & Zhang, 2018) The study explained that the bitter taste began to emerge when
the caffeine content was 75-155 mg/L. Chlorogenic acid also plays a role in acidity and bitterness.(Belay, 2011)

The moisture and ash content in dried Robusta coffee leaves processed by the JGTP method met the
Indonesian National Standard (SNI) green tea requirements, where the moisture of green tea is set to a maximum
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of 8% and ash content of 4-8%.(SNI, 2016) The moisture in accordance with SNI can prevents the growth of
bacteria and fungi, and prevent oxidation process. Protein content in dried Robusta coffee leaves with JGTP
method included in the range of green tea, where protein content in green tea about 15-20%. Protein has the
potential as an additional antioxidant in food because it can inhibit fat oxidation through several pathways
including inactivation of Reactive Oxygen Species (ROS) through antioxidant enzymes (superoxide dismutase
(SOD) and catalase), scavenge free radicals, chelating prooxidative transition metals, reducing hydroperoxide,
and reducing hydroperoxides, and enzymatically removes specific oxidants.(Elias, Kellerby, & Decker, 2008)
Protein also acts as an antimicrobial. Previous study explained that protein extracted from lemon, orange and
grapefruit seeds could inhibit the growth of some pathogenic bacteria.(Karabiber, Yilmaz, & Zorba, 2018)

The fat content in Robusta coffee leaves processed by the JGTP method was lower than in Arabica coffee
leaves with the same method. Based on previous research, Arabica coffee leaves have higher fat content about
4.5-12.5%. Meanwhile, the carbohydrate content in Robusta coffee leaves was higher than in Arabica coffee
leaves. In previous study, carbohydrate content of Arabica coffee leaves was about 51.99-63.93%.(Woldesenebet,
2005)

In this study, Robusta coffee leaves processed by JGTP method have bioactive components of flavonoids,
chlorogenic acid, caffeine, and chlorophyll. Previous study has shown that coffee leaves contain flavonoids such
as quercetin, routine, and kaemferol.(Martins, Aradjo, Tohge, Fernie, & DaMatta, 2014) Flavonoids can act as
antioxidants to scavenge free radicals, prevent the formation of reactive oxygen species (ROS), and increase
endogenous antioxidants (superoxide dismutase, catalase, and glutathione peroxidase). The mechanism of
flavonoids in preventing damage by free radicals is by giving hydrogen atoms to free radicals to form stable
flavonoxy radicals (flavonoids (O¢)). In addition, flavonoids can protect the phospholipid membrane by giving
one of the hydrogen ions to the radical lipid peroxyl, so that radical reactions can be stopped.(Hamid, Usman,
Aiyelaagbe, & Ameen, 2010; Irina & Mohamed, 2012) Flavonoids can also function as antibacterial by inhibiting
nucleic acid synthesis, inhibiting energy metabolism, changes in cytoplasmic membrane function, reducing cell
adhesion and biofilm formation and causing damage to the cytoplasmic membrane.(Farhadi et al., 2018)

Chlorogenic acid is an ester formed from hydroxynamic acid (caffeic acid, ferulic acid, p-kumaric acid)
and quinic acid and into the phenolic acid group.(Liang & Kitts, 2016) Chlorogenic acid can chelate transition
metals like Fe?* to scavenge free radicals and break radical chains. Chlorogenic acid scavenge DPPH radicals,
superoxide anions, hydroxyl radicals, and protect DNA from damage caused by oxidative stress.(Azam, Hadi,
Khan, & Hadi, 2003) Chlorogenic acid also function as antibacterial. Chlorogenic acid is a phenolic bioactive
compound that can cause physiological changes in bacterial cell membranes.(Kabir et al., 2014) Chlorogenic acid
causes cell membrane rupture and release of the content inside the cellular. Chlorogenic acid changes in bacterial
cell membrane permeability that will cause damage to bacterial nucleotides.(Lou et al., 2011)

Robusta coffee leaves with processed by JGTP method also contained caffeine. Caffeine prevents lipid
oxidation by inhibiting the production of free radicals including hydroxyl radicals, peroxyl radicals, and singlet
oxygen.(Azam et al., 2003) Caffeine also acts as antibacterial agent. It can inhibit protein and DNA synthesis by
inhibiting the merging of adenine and thymidine. Besides, caffeine also increases genotoxicity after DNA
damage.(Pruthviraj et al., 2011)

The amount of chlorophyll in brewed Robusta coffee leaves was very low compared to the amount of
chlorophyll in tea leaves. Chlorophyll acts as antioxidants, where it can prevents the Fenton reaction, by chelating
Fe(Il). Chlorophyll directly scavenges the hydroxyl free radicals generated from H20O,.(Hsu, Chao, Hu, & Yang,
2013) It can also acts as antibacterial by increasing membrane permeability in bacteria.(Kustov et al., 2018) This
will cause changes in membrane structure and accelerate intracellular leakage thereby destroying membrane
integrity which will facilitate the entry of antibacterial.(Wu et al., 2016)

The results showed that Robusta coffee leaves with the JGTP method had a DPPH radical inhibition.
Based on the results of this analysis, Robusta coffee leaves and brewed coffee leaves have high antioxidant
activity, being able to capture free radicals by 50%. The results of this study are in line with research on green
tea, where green tea has a DPPH radical inhibition more than 50%.

The results of antibacterial of brewed coffee leaves showed the inhibitory power of 5 g, 10 g, 15 g, and
20 g brewed Robusta coffee leaves against Escherichia coli and Salmonella typhi bacteria. Escherichia coli and
Salmonella typhi belong to gram-negative bacteria. The greater the amount of leaves in the brewed process, the
greater the diameter of the inhibition zone formed. The effectiveness of antibacterial substances will be influenced
by the concentration of these substances. An increase in the concentration of the substance causes an increase in
the content of active compounds such as flavonoids, caffeine and chlorogenic acid which functions as an
antibacterial so that its ability to inhibit bacterial growth increases.(Mufti, Bahar, & Arisanti, 2017; Muslim &
Dephinto, 2017) Previous study conducted on CTC brewed black tea with a comparison of tea weight and water
volume (w/v) 1:50, 2:50, and 3:30 resulted in an area of 29.89 successive barriers; 33.64 and 45.02 mm?2.(Rohdiana
etal., 2013)
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Conclusion

Robusta coffee leaves in this research were processed by JGTP method with 75-second blanching. The
best organoleptic based on color, aroma, and taste was 5 g of dried Robusta coffee leaves. Brewed Robusta coffee
leaves processed by the Japanese Style Green tea Process (JGTP) have contain flavonoids 0.10 mg QE/g,
chlorogenic acid 3.49 mg/g, caffeine 0.194 mg/g and high antibacterial activity in 20 g of brewed Robusta coffee
leaves.
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ABSTRACT

Purpose: To analyze bioactive components and antibacterial activity in brewed Robusta coffee leaves that
processed by Japanese Style Green Tea Process (JGTP).

Methodology: This was an experimental research with the sample of Robusta coffee leaves and brewed Robusta
coffee leaves. The coffee leaves were brewed in water at 70°C during 10 minutes. The analysis of nutrition
contents by proximate method, total flavonoids by calorimeter method, chlorogenic acid and caffeine by HPLC
method, antioxidant activity by DPPH method, total chlorophyll using the arnon formula and antibacterial
activity by disk diffusion method in 5, 10, 15, and 20 g.

Results: There were significant differences in color, taste, and acceptability of brewed Robusta coffee leaves.
The best acceptance of brewed Robusta coffee leaves was 5 g of dried coffee leaves. Robusta coffee leaves
contain 3.1% water, 6.03% ash, 17.76% protein, 2.37% fat, and 70.83% carbohydrate. The content of flavonoids,
chlorogenic acid and caffeine in Robusta coffee leaves were 0.81 mgQE/g, 16.92 mg/g, 0.46 mg while in the
brewed were 0.10 mgQE/g, 3.49 mg/g, 0.19 mg/g, respectively. The inhibition of free radical in Robusta coffee
leaves were 90.2 - 92.7%, while in the brewed were 83.3 - 86.1%. Total chlorophyll of dried leaves were 63.62
-69.39 mg/L and the brewed were 2.08 - 6.01 mg/L. Antibacterial activity Escherichia coli 7.65 — 9.89 mm and
Salmonella tiphy 7.47-8.70 mm inhibition zone.

Applications/Originality/Value: The role of various bioactive components in Robusta coffee leaves on antioxidant
and antibacterial activity.

Keywords: |GTP

INTRODUCTION

Coffee plant (Coffea sp.) is included in the family
Rubiaceae. In general, there are three types of
coffee, including Arabica coffee (Coffea arabica),
Robusta coffee (Coffea canephora), and Liberica
coffee (Coffea liberica). The most widely
consumed coffee in Indonesia is Robusta coffee.
Robusta coffee can be easily grown at lower
altitude of less than 1000 meters above sea level
and it resilient against disease  and
pests.(Kanisius, 1988)

The results of research on Arabica coffee leaves
have nutritional content based on proximate
components. Proximate components of Arabica
coffee leaves from the Ethiopian region include
5.5-7.8% moisture, 8.8-12.4% ash content, 14.4-
19.0% protein, 4.5-12.5% fat, and 51.0-63.9%
carbohydrate.(Woldesenebet, 2005) Robusta
coffee leaves contain phytochemicals that vary
depending on leaf development.(X.-M. Chen, Ma,
& Kitts, 2018) The younger the coffee leaves, the
higher the chlorogenic acid content even 10 times

higher than the old coffee leaves.(Campa et al.,
2017) The content of chlorogenic acid in Robusta
coffee is higher compared to Arabica coffee,
respectively 11.3% and 4.1%.(Ky et al., 2001) The
caffeine content in young Robusta coffee leaves
(0.29-0.5%) is lower than the caffeine content in
its fruit (1.6-2.4%).(Khotimah, 2014)

Robusta coffee leaves also contain phenolic acid
and total flavonoids, respectively 27.04 pg/g and
10.90 pg/g higher than Arabica coffee leaves
respectively 21.80 pg/g and 8.08 pg/g.(Nayeem,
Denny, & Mehta, 2011) Flavonoids as natural
antioxidants can prevent the occurrence of
diseases, such as cancer, metabolic syndrome,
diabetes mellitus, and atherosclerosis which
associated to oxidative stress.(X. Chen, 2019;
Manach, Scalbert, Morand, Rémésy, & Jiménez,
2004)

The content of caffeine,
chlorogenic acid of coffee

flavonoids, and
leaves can also
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function as the prevention of diarrhea. Caffeine
can inhibit protein and DNA synthesis by
inhibiting the merging of adenine and thymidine.
Caffeine also increases genotoxicity after DNA
damage.(Pruthviraj, Shital, Suchita, & Shilpa,
2011) Flavonoids as an antibacterial by inhibiting

nucleic acid synthesis, inhibiting energy
metabolism, and changes in cytoplasmic
membrane function.(Farhadi, Khameneh,

Iranshahi, & Iranshahy, 2018) In addition to
flavonoids, there are chlorogenic acid contents
that function as antibacterial. Chlorogenic acid is
a phenolic bioactive  compound  causes
physiological ~ changes in  bacterial  cell
membranes that encourage damage to bacterial
nucleotides.(Kabir, Katayama, Tanji, &
Nakamura, 2014; Lou, Wang, Zhu, Ma, & Wang,
2011)

The processing of coffee leaves to obtain optimal
antibacterial is done by minimizing chemical and
enzymatic reactions to prevent damage in
phytochemical content. The process can be
obtained using green tea processing.(X.-M. Chen
et al., 2018) The processing of green tea is able
to produce phenolic components 6 times higher
than black tea. Green tea processing aims to
maintain the content of natural polyphenols which
have beneficial effects on health. (Chacko,
Thambi, Kuttan, & Nishigaki, 2010). Therefore,
the aim of this research was to examine bioactive
components, including caffeine, chlorogenic acid,
total flavonoids, anfioxidant activity, total
chlorophyll, and nutritional  contents and
antibacterial activity in Robusta coffee leaves by
green tea processing.

MATERIALS AND METHODS

The samples used Robusta canephora Pierre ex
Froehner from Gambung village. Coffee leaves
were processed using the Japanese Style Green
Tea Process (JGTP) method at the Tea Quality
Processing and Testing Laboratory, Tea and
Quinine Research Center (PPTK) Gambung,
Bandung Regency, West Java, Indonesia.
Preliminary research was conducted to obtain the
JGTP procedure at the withering stage, including
2 minutes steaming method and 45 s, 60 s, and
75 s of blanching. The best withering method was
chosen based on the results of the best
organoleptic tests conducted by trained panelists.
The best withering result that will be used in the
processing of coffee leaves was the blanching
method for 75 s.

This study was an experimental study with one
factor completely randomized design (CRD) with
2 samples, dried Robusta coffee leaves and
brewed Robusta coffee leaves. Dried Robusta
coffee leaves were brewed with 200 ml of water

in 70°C for 10 minutes. Samples were analyzed
in duplicate with three replications.

Processing Robusta Coffee Leaves with JGTP
Method

JGTP method was carried out through 5 steps,
picking; blanching; cooling, crushing, and drying.
Coffee leaves were picked from 2, 3, and 4"
leaf of each branch of coffee plants, sorted, then
carried out the blanching process for 75 s. Leaves
were soaked in water and put in seducer for = 15
minutes while separating the leaves from its
midrib. The next process was crushing the leaves
three times wusing a crushing-tearing-curling
machine (CTC) (CNC, Sri Lanka). The last process
was the drying process. The drying process was
4-5 hours long by a rack drier machine (CNC, Sri
Lanka) at 80°C.

Proximate Analysis

Proximate analyses using dried Robusta coffee
leaves samples processed by JGTP to analyze the
moisture, ash, fat, protein, and carbohydrate
contents with AOAC 2005 method.(Analysis.,
2005)

Total Flavonoid Analysis

5 grams of dried Robusta coffee leaves in 200 ml
of methanol were homogenized with a magnetic
stirrer for £ 30 minutes. The solution was taken
60 ml for centrifugation, then coffee leaves
produced supernatant in methanol. Meanwhile, 5
grams of dried Robusta coffee leaves were
brewed in 200 ml of hot water (70°C) for 10
minutes and stirred. After being dissolved in
water, 60 ml was taken to be centrifuged, coffee
leaves supernatant will be produced in brewed
water. Afterwards, two samples were analyzed.
Total flavonoid analysis using aluminum chloride
(AICl3) calorimetry method with absorbance
measurement using UV-VIS spectrophotometer. 1
ml of sample solution was mixed with 9 ml of
methanol. Pipette 2.8 ml sample solution; 0.4 ml
AlCl3 5%; 6.8 ml of 5% acetic acid. Incubation for
30 minutes, measure the absorbance (A 428 nm).
Calibration curves used the standard quercetin in
methanol (0.005 mg / ml) with varying
concentrations of 0 pg/ml, 5 pg/ml, 10 pg/ml,
20 ug/ml, 40 pg/ml, and 60 pg/ml. Standard
was carried out using the same procedures as
samples. (Rhayanne T. M. Ramos, Ferreira, &
Soares, 2017; Silva, Pezzini, & Soares, 2015)

Analysis of Chlorogenic Acid and Caffeine

Analysis of chlorogenic acid using 20 g of dried
coffee  leaves extracted with 150 mL
methanol:water (50:50 v/v) in soxhlet. After 4-5
cycles, soxhletation was stopped and cooled
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down at room temperature. The extract was
transferred into a 200 mL flask and the volume
was adjusted to 200 mL with a mixture of
methanol-water. Meanwhile, caffeine analysis
using 10-20 g of coffee leaves were added to 5 g
of MgO and put into 200 mL of water.
Furthermore, the samples were heated in a water
bath at 90°C and sterilized for 20 minutes. Then
the extracts were filtered with 0.45ul, 25 mm
cellulose filter cartridge. The filtrates were injected
into the HPLC.(Naegele, 2016a, 2016b)

Total Chlorophyll Test

The total chlorophyll test was carried out by 5, 10,
15 and 20 grams of brewed Robusta coffee
leaves compared to the samples dissolved with
80% acetone. Total chlorophyll test was
conducted using 663 nm and 645 nm wave
spectrophotometry.  Chlorophyll levels were
calculated using the Arnon formula:(Prawira-
Atmaja et al., 2018)

Chlorophyll a = (12.7 x A663) - (2.69 x A645)
Chlorophyll b = (22.9 x A645) - (4.68 x A663)
Total chlorophyll = (20.2 x A645) + (8.02 x
A663)

Analysis of Antioxidant Activity

Sample preparation was performed as a total
flavonoid test. Antioxidant activity was analyzed
using the DPPH method (1,1-diphenyl-2-
picrylhydrazyl). A DPPH 0.4 mM solution was
prepared by 0.00394 g of DPPH powder and
dissolved in absolute methanol to 25 ml. The test
was done by piping 0.1 ml of samples and
sufficient volume with absolute methanol into a 5
ml measuring flask, then vortex. Measurement of
antioxidant activity was done by adding 1 ml of
DPPH 0.4 mM solution, then vortex for = 1
minute. Incubate the solutions for 30 minutes in a
dark place, measured the absorbance by UV-VIS
spectrophotometry (A517 nm). A blank solution
was obtained by piping 5 ml absolute methanol
and 1 ml DPPH solution, left for 30 minutes in a
dark place and measuring the absorbance as
with  the samples.(Hasanah, Mcaharani, &
Munarsih, 2017)

Antibacterial Activity Test

Antibacterial activity test was carried out by the
disk diffusion Kirby-Bauer method.(Rohdiana,
Arief, & Budiman, 2013) This method was used to
see the bacterial growth inhibition response
based on the diameter of the clear zone of E. coli
and S. typhi. Antibacterial activity test began by
dissolving nutrients with aquades. The media
stock and the equipment used were put into a

121°C autoclave for 20 minutes. The next step
was making a suspension by taking an ose of
pure bacteria and implanting it in a solution of
NaCl. Next, applied the suspension to the hard
agar using a sterile cotton swab. Blank discs that
have been soaked in 5, 10, 15, and 20 grams of
brewed Robusta coffee leaves for 20 minutes
were placed on hard agar and incubated at 37°C
for 24-hour incubation periods. Classification of
bacterial growth inhibition was observed by clear
zone diameter consists of 4 groups: weak
response (diameter < 5 mm), moderate
(diameter 5-10 mm), strong (diameter 10-20
mm), and very strong (diameter = 20
mm).(Sadino, Sahidin, & Wahyuni, 2018)

Organoleptic Test

Organoleptic test was carried out by 30 semi-
trained panelists of Nutrition Sciences students
with variations in weight of 5, 10, 15, and 20
grams of dried coffee leaves brewed with water at
70°C. The assessment of quality attributes of
brewed coffee leaves used 4 favorite scales, 1
(dislike very much), 2 (dislike slightly), 3 (like
slightly), and 4 (like very much).

STATISTIC ANALYSIS

Statistical analysis using univariate and bivariate
analysis. If the data is normally distributed, use
the paired t test, whereas if the data is normally
distributed, use the Wilcoxon test. Analysis of
antioxidant activity using the One Way Anova
statistical test if normally distributed, and using
the Kruskal Wallis test if the distribution is not
normal. The analysis was performed with a 95%
confidence level with p value 0.05 and a = 0.05.

RESULTS

Processing Robusta Coffee Leaves with JGTP
Method

Based on the appearance and color aspects,
brewed coffee leaves with the blanching method
had an average value from 7.5 to 8 (1-10) while
the steaming method got a value of 4 (1-10) as
seen in Figure 1. The taste of brewed using the
blanching method had an average value from 34
to 35 (20-49) and obtaining a value of 27 for
brewed by steaming method. The aroma of
brewed and pulp of coffee leaves had a value of
5-5.50 (1-10) for the method of blanching water
and steaming. From the aspect of the aroma of
coffee grounds pulp obtained a value of 9 for
each blanching method and 4 for the steaming
method (1-10). Based on organoleptic test, the
75-second blanching method was a processing
method that had the highest average score.
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Fig.1: Selection of Withering Methods

Nutrient Content
The material used in this study was Robusta coffee
leaves which have been dried through the

Table 1.

Japanese Style Green Tea Process (JGTP) method
as seen in

Table 1: Nutrient Content of Dried Robusta Coffee Leaves

Proximate Component

Mean=SD (%)

Moisture 3.1=0.00
Ash 6.03+0.90
Protein 17.76+2.06
Fat 2.37+0.25
Carbohydrate 70.83+2.83

Note : SD = standard deviation

Bioactive = Components  (total  flavonoids, chlorogenic acid and caffeine in Robusta coffee
chlorogenic acid, caffeine) leaves as seen in
The results of the analysis showed that the content
of bioactive components, as total flavonoids,
Table.
Table 2: The Content of Bioactive Components
Total flavonoids Chlorogenic acid Caffeine
Treatment (mg QE/g) (mg/g) (mg/g)
Mean+SD Mean=+SD Mean=+SD
Dried coffee leaves 0.81 + 0.02 16.58 = 0.48 0.456 + 0.08
5 g of brewed coffee leaves 0.10+ 0.01 3.49 + 1.62 0.194 = 0.00

Note: 5 g of dried coffee leaves were brewed with 200 mL of water at 70°C for 10 minutes

Total Chlorophyll

The results of chlorophyll analysis showed a
significant difference in the groups of brewed
coffee leaves (p = 0.000). While the results of
chlorophyll analysis showed significant differences
in the coffee leaves group (p = 0.014) and
brewed coffee leaves (p = 0.000). The results of
total  chlorophyll analysis showed significant

differences in each coffee leaves group (p =
0.006) and brewed coffee leaves group (p =
0.000). There were significant differences in
chlorophyll a, chlorophyll b and total chlorophyll
between coffee leaves and brewed coffee leaves
(p = 0,000) as seen in Antioxidant Activity

The results of the analysis showed that there were
no significant differences in the Robusta coffee
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leaves group (p = 0.206) and brewed (p = 0.131) as seen in Table 3.
The results of the analysis showed that there were
no significant differences in the Robusta coffee

Table 2. leaves group (p = 0.206) and brewed (p =
Antioxidant Activity 0.131) as seen in Table 3.
Table 2: Total Chlorophyll
Chlorophyll a Chlorophyll b Total Chlorophyll
Dried coffee Brewed coffee Dried coffee Brewed Dried coffee Brewed coffee
Samples
leaves leaves leaves coffee leaves leaves leaves

Mean = SD Mean + SD Mean = SD Mean = SD Mean + SD Mean + SD

59 23.66+0.35 0.74+0.04° 39.98+2.37 1.35+£0.11°  63.62+2.01° 2.08+0.14¢

a

10 g 23.75+0.17 1.16+0.09°>  42.65+0.63°® 2.19+0.13> 66.37+0.67°®  3.35+0.22°

a

15¢g 23.97+0.39 1.73+0.31¢  43.17x0.61°®  3.19+0.44¢ 67.13+0.99®  4.91+0.75¢

a

20 ¢ 24.66+0.73 2.12+0.02¢ 44.76+0.80% 3.91+0.52¢  69.40+1.45" 6.01+0.09¢

a

Px 0.098 0.000* 0.014* 0.000* 0.006* 0.000*

Note: One-way-anova.test. Dried coffee leaves were brewed with 200 mL of water at 70°C for 10
minutes.. ‘Significant (p < 0.05). Numbers followed by superscript letters (a,b,c,d) differ to show
significant differences.

Table 3: Antioxidant Activity with DPPH Method

Inhibition (%)

Treatment Dried coffee leaves Brewed coffee leaves p
Mean =+ SD(%) Mean =+ SD (%)
5 gram 92.7 = 0.61 84.9 +0.23 0.109r
10 gram 91.8 = 0.76 86.1 = 0.85 0.019
15 gram 92.0 = 2.00 85.6 = 1.20 0.0217
20 gram 90.2 = 1.36 83.3 = 1.47 0.000™
p 0,206* 0,1317

Note: Dried coffee leaves were brewed with 200 mL of water at 70°C for 10 minutes. Significant (p
<0,05). P Wilcoxon test, 9Paired t test, 2One way Anova, YKruskal Wallis test

Antibacterial Activity Test
The results of the antibacterial activity analysis in  significant differences in the groups of brewed
Escherichia coli and Salmonella typhi showed coffee leaves (p = 000) as seen in
Table 4.
Table 4: Antibacterial Activity
Samples Escherichia coli Salmonella typhi
Mean = SD Inhibition Mean = SD Inhibition

5¢g 7.65+0.10° Medium 7.47+0.28¢ Medium

10 g 8.47+0.15° Medium 8.20+0.05° Medium

15¢ 9.17+0.15¢ Medium 8.55+0.26 Medium

20 g 9.89+0.26¢ Medium 8.70+0.19¢ Medium

p 0,000* 0,000*

‘One Way Anova test. "Significant (p < 0.05). Numbers followed by superscript letters (a,b,c,d) differ to
show significant differences.
did not show a significant difference in the aroma

Acceptability of Brewed Coffee Leaves of brewed coffee leaves (p = 0.392) as seen in

There was a significant difference in the color and
Taste of brewed coffee leaves (p = 0,000) and

Table 5.
Table 5: Acceptability of Brewed Coffee Leaves
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Treatment Color Aroma Taste

Median Note Median Note Median Note
59 3(1-4)° Like slightly 3(1-4 Like slightly ~ 3(2-4)° Like slightly
10 g 3(2-4)cb Like slightly 3(2-4)*  Like slightly — 2(1-3)° Dislike slightly
15 g 2,5(1-4)kc  Dislike slightly  3(1-4 Like slightly ~ 1(1-4)° Dislike very much
20 g 2(1-4)c Dislike slightly ~ 3(1-4 Like slightly  1(1-2)¢ Dislike very much

p 0,000* 0,392 0,000*

Note: Kruskal Wallis test. "Significant (p < 0.05). Numbers followed by superscript letters (a,b,c,d) differ

to show significant differences.

DISCUSSION

In this study, Robusta coffee leaves were
processed by the Japanese Style Green Tea
Process (JGTP). JGTP method is one of the tea
processing without fermentation process. Previous
study has explained that the JGTP method in
Arabica coffee leaves has higher phytochemicals
concentration compared to other tea-making
methods.(X.-M. Chen et al., 2018). The blanching
process was used at the withering stage.
Blanching can deactivate the enzyme polyphenol
oxidase (PPO) which can cause
oxidation.(Pourcel, Routaboul, Cheynier, Lepiniec,
& Debeaujon, 2007)

Oxidation is a degenerative process triggered by
the presence of free radicals which causes
rancidity and decreasing components in food.
The oxidation process causes the loss of phenolic
components of food.(X.-M. Chen et al.,, 2018)
The blanching process increases the polyphenol
content during extraction.(Nayak, Liu, & Tang,
2015) In addition, the processing of green tea
maintain the composition of chlorophyll including
chlorophyll a (Chl a) and chlorophyll b (Chl b)
that acts as an antibacterial.(Li et al., 2018)

Based on acceptability of brewed coffee leaves,
the best acceptance was 5 g of brewed coffee
leaves. The more the amount of leaves that are
brewed, it will produce a thick yellowish-green
color. Coffee leaves products using the JGTP
method do not undergo oxidation of polyphenol
compounds so that the resulting color was
greenish or yellowish-green. Green is the main
color determined by the chlorophyll content.
Chlorophyll a on the leaves will produce a dark
green color and chlorophyll b will produce a
yellowish-green color. In  addition to the
chlorophyll content, flavonol content also plays a
role in producing a yellowish color on the coffee
leaves by the JGTP method.(Chaturvedula &
Prakash, 2011)

Based on the aroma described by panelists, the
aroma of brewed coffee leaves such as the aroma
of fresh leaves. The more the amount of leaves in
brewed, the smell will be thicker and increasingly
disliked by panelists. The aroma of the leaves is
caused by the high compound of catechins.(Ho,
Zheng, & Li, 2015) The taste of brewed coffee

leaves was bitter. The bitter taste is influenced by
the presence of chlorogenic acid and
caffeine.(Belay, 2011; Gokul G & Lakshmanan,
2016) Caffeine is a natural compound in food
and drinks that contributes to affect the bitter
taste. Some studies show that the main taste of
caffeine is bitter. Caffeine generally amounts to
2-5% of the dry weight of tea. Caffeine will cause
a bitter taste on the tongue depending on the
level of concentration.(Keast & Roper, 2007; Zou,
Xiao, Wang, & Zhang, 2018) The study explained
that the bitter taste began to emerge when the
caffeine content was 75-155 mg/L. Chlorogenic
acid also plays a role in acidity and
bitterness.(Belay, 2011)

The moisture and ash content in dried Robusta
coffee leaves processed by the JGTP method met
the Indonesian National Standard (SNI) green tea
requirements, where the moisture of green tea is
set fo a maximum of 8% and ash content of 4-
8%.(SNI, 2016) The moisture in accordance with
SNI can prevents the growth of bacteria and
fungi, and prevent oxidation process. Profein
content in dried Robusta coffee leaves with JGTP
method included in the range of green tea, where
protein content in green tea about 15-20%.
Protein has the potential as an additional
antioxidant in food because it can inhibit fat
oxidation through several pathways including
inactivation of Reactive Oxygen Species (ROS)
through  antioxidant  enzymes  (superoxide
dismutase (SOD) and catalase), scavenge free
radicals, chelating prooxidative transition metals,
reducing hydroperoxide, and reducing
hydroperoxides, and enzymatically removes
specific oxidants.(Elias, Kellerby, & Decker, 2008)
Protein also acts as an antimicrobial. Previous
study explained that protein extracted from
lemon, orange and grapefruit seeds could inhibit
the growth of some pathogenic
bacteria.(Karabiber, Yilmaz, & Zorba, 2018)

The fat content in Robusta coffee leaves
processed by the JGTP method was lower than in
Arabica coffee leaves with the same method.
Based on previous research, Arabica coffee
leaves have higher fat content about 4.5-12.5%.
Meanwhile, the carbohydrate content in Robusta
coffee leaves was higher than in Arabica coffee
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leaves. In previous study, carbohydrate content of
Arabica coffee leaves was about 51.99-
63.93%.(Woldesenebet, 2005)

In this study, Robusta coffee leaves processed by
JGTP method have bioactive components of
flavonoids, chlorogenic acid, caffeine, and
chlorophyll. Previous study has shown that coffee
leaves contain flavonoids such as quercetin,
routine, and kaemferol.(Martins, Aradjo, Tohge,
Fernie, & DaMatta, 2014) Flavonoids can act as
antioxidants to scavenge free radicals, prevent the
formation of reactive oxygen species (ROS), and
increase endogenous antioxidants (superoxide
dismutase, catalase, and glutathione peroxidase).
The mechanism of flavonoids in preventing
damage by free radicals is by giving hydrogen
atoms to free radicals to form stable flavonoxy
radicals (flavonoids (O¢)). In addition, flavonoids
can protect the phospholipid membrane by giving
one of the hydrogen ions to the radical lipid
peroxyl, so that radical reactions can be
stopped.(Hamid, Usman, Aiyelaagbe, & Ameen,
2010; Irina & Mohamed, 2012) Flavonoids can
also function as antibacterial by inhibiting nucleic
acid synthesis, inhibiting energy metabolism,
changes in cytoplasmic membrane function,
reducing cell adhesion and biofilm formation and
causing damage to  the  cytoplasmic
membrane.(Farhadi et al., 2018)

Chlorogenic acid is an ester formed from
hydroxynamic acid (caffeic acid, ferulic acid, p-
kumaric acid) and quinic acid and into the
phenolic acid group.(Liang & Kitts, 2016)
Chlorogenic acid can chelate transition metals
like Fe?™ to scavenge free radicals and break
radical chains. Chlorogenic acid scavenge DPPH
radicals, superoxide anions, hydroxyl radicals,
and protect DNA from domage caused by
oxidative stress.(Azam, Hadi, Khan, & Hadi,
2003) Chlorogenic acid also function as
antibacterial. Chlorogenic acid is a phenolic
bioactive compound that can cause physiological
changes in bacterial cell membranes.(Kabir et al.,
2014) Chlorogenic acid causes cell membrane
rupture and release of the content inside the
cellular. Chlorogenic acid changes in bacterial
cell membrane permeability that will cause
damage to bacterial nucleotides.(Lou et al.,

2011)

Robusta coffee leaves with processed by JGTP
method also contained caffeine. Caffeine
prevents lipid oxidation by inhibiting the

production of free radicals including hydroxyl
radicals,  peroxyl radicals, and  singlet
oxygen.(Azam et al., 2003) Caffeine also acts as
antibacterial agent. It can inhibit protein and
DNA synthesis by inhibiting the merging of
adenine and thymidine. Besides, caffeine also

increases genotoxicity after DNA
damage.(Pruthviraj et al., 2011)

The amount of chlorophyll in brewed Robusta
coffee leaves was very low compared to the
amount of chlorophyll in tea leaves. Chlorophyll
acts as antioxidants, where it can prevents the
Fenton reaction, by chelating Fe(ll). Chlorophyll
directly scavenges the hydroxyl free radicals
generated from H,O;.(Hsu, Chao, Hu, & Yang,
2013) It can also acts as antibacterial by
increasing membrane permeability in
bacteria.(Kustov et al., 2018) This will cause
changes in membrane structure and accelerate
intracellular leakage  thereby  destroying
membrane integrity which will facilitate the entry
of antibacterial.(Wu et al., 2016)

The results showed that Robusta coffee leaves with
the JGTP method had a DPPH radical inhibition.
Based on the results of this analysis, Robusta
coffee leaves and brewed coffee leaves have high
antioxidant activity, being able to capture free
radicals by 50%. The results of this study are in
line with research on green tea, where green tea
has a DPPH radical inhibition more than 50%.
The results of antibacterial of brewed coffee
leaves showed the inhibitory power of 5 g, 10 g,
15 g, and 20 g brewed Robusta coffee leaves
against Escherichia coli and Salmonella typhi
bacteria. Escherichia coli and Salmonella typhi
belong to gram-negative bacteria. The greater
the amount of leaves in the brewed process, the
greater the diameter of the inhibition zone
formed. The effectiveness of antibacterial
substances will be influenced by the concentration
of these substances. An increase in the
concentration of the substance causes an increase
in the confent of active compounds such as
flavonoids, caffeine and chlorogenic acid which
functions as an antibacterial so that its ability to
inhibit bacterial growth increases.(Mufti, Bahar, &
Arisanti, 2017; Muslim & Dephinto, 2017)
Previous study conducted on CTC brewed black
tea with a comparison of tea weight and water
volume (w/v) 1:50, 2:50, and 3:30 resulted in an
area of 29.89 successive barriers; 33.64 and
45.02 mm?2.(Rohdiana et al., 2013)

CONCLUSION

Robusta coffee leaves in this research were
processed by JGTP method with 75-second
blanching. The best organoleptic based on color,
aroma, and taste was 5 g of dried Robusta coffee
leaves. Brewed Robusta coffee leaves processed
by the Japanese Style Green tea Process (JGTP)
have contain flavonoids 0.10 mg QE/g,
chlorogenic acid 3.49 mg/g, caffeine 0.194
mg/g and high antibacterial activity in 20 g of
brewed Robusta coffee leaves.
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