Journal of Green Science and Technology P- ISSN: 2598-1277
U NIVERSITY OF SWADAYA GUNUNG JATI CIREBON E- ISSN : 2621-3966

JOURNAL OF GREEN SCIENCE AND TECHNOLOGY

Optimizing the Solvent-to-Coffee Ratio for Caffeine Extraction from
Arabica Kintamani Coffee Beans using Ethyl Acetate: A
Comprehensive Study

Emma Hermawati Muhari', Bambang Soeswanto', Joko Suryadi', Unung Leoanggraini’,
Alfiana Adhitasari', Yusmardhany Yusuf’, Rony Pasonang Sihombing"*
1"y Chemical Engineering Departement, Politeknik Negeri Bandung, Bandung.
2) Universitas Pembangunan Nasional Veteran Yogyakarta.

Corresponding Author’s Email: rony.pasonang.sihombing@polban.ac.id
No. HP Corresponding Author: 085399998087

ABSTRACT

This paper studies the best ratio of solvent-to-coffee for getting caffeine from Arabica Kintamani coffee
beans. This study aims to determine the optimal ratio of Kintamani Arabica coffee beans to ethyl acetate
solvent for extracting caffeine, with the goal of improving the efficiency and quality of the extraction
process. Previous research has not explored the best ratio for this specific application. The methodology
employed in this investigation consists of four main steps: preparing materials, extracting and
measuring caffeine, and analyzing the results. The paper provides the experimental data and discusses
the impact of different ratios on the caffeine content in Arabica Kintamani coffee beans. Statistical
analysis is used to demonstrate significant differences between the ratios, and the Tukey test is
employed to compare them. The findings of this study indicate that the best solvent-to-coffee ratio for
maximizing caffeine in ethyl acetate extracts is 1:5, which results in a concentration of 1930.9 ppm.
This ratio provides the optimal balance between caffeine yield and solvent usage, ensuring the highest
possible caffeine content while minimizing the amount of solvent required..
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1. INTRODUCTION

Coffee, a cherished beverage with a rich cultural heritage, is consumed by millions of individuals
worldwide. The health benefits of coffee have been extensively studied, with one of the most significant
findings being that regular consumption of coffee is associated with a reduced risk of developing type
2 diabetes [1]. The consumption of coffee has been linked to preserving or enhancing kidney function,
as indicated by the eGFR (estimated glomerular filtration rate) measurement. Observational studies,
including one Mendelian randomization study, have shown that higher coffee consumption is linked to
improved kidney function, although the evidence remains inconclusive. Studies have also found that
coffee consumption is inversely associated with diabetes, which may contribute to the protective effects
on kidney function. Further investigation is necessary to establish the underlying mechanisms through
which coffee consumption may protect kidney function, with a particular focus on the cellular level [1],
[2], [3]- Additionally, research suggests that coffee consumption may provide a protective effect against
the development of liver cancer. [4]. These findings highlight the potential health advantages associated
with the consumption of coffee.

Although caffeine has been demonstrated to improve athletic performance, it is crucial to consider the
potential disadvantages. Factors such as genetics, physical condition, and psychological makeup can
influence how caffeine affects an individual's performance in sports and exercise [5]. The ingestion of
caffeine can result in sleep disturbances and sensations of anxiety [5]. Excessive consumption of
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caffeine can lead to intoxication and potentially hazardous outcomes [6]. Caffeine consumption has
been reported to impact hydration levels, with some studies suggesting it may have a dehydrating effect,
while others indicate no significant impact. A study found that moderate levels of coffee consumption
can provide similar hydrating qualities to water. However, excessive caffeine intake can increase the
risk of dehydration [7]. Regular coffee drinkers can develop a tolerance against the diuretic effects of
caffeine, which may contribute to the overall hydration balance. This tolerance is a result of the body's
adaptation to the effects of caffeine, which can lead to a reduction in the adenosine-blocking-action of
caffeine and changes in gene expression in the striatum. However, the evidence for tolerance to the
stimulatory effects of caffeine in humans is inconclusive [8], [9]. It is noteworthy that caffeine and
smoking frequently co-occur, and both have associations with mental health concerns [10].
Additionally, caffeine can negatively impact cardiac function, leading to arrhythmias [11].

In light of the aforementioned paragraph, it is crucial to investigate a decaffeination process to address
the various drawbacks associated with caffeine. Previous research has been conducted on caffeine
extraction from coffee beans using solvents, with varying types of coffee beans, solvents, and optimum
solvent-to-coffee ratios. One study specifically focused on the roasting process of coffee beans and
analyzed the chemical composition of coffee bean extracts using nuclear magnetic resonance (NMR)
[12] . Nevertheless, this study did not specifically focus on caffeine extraction using solvents. Another
study investigated the decaffeination process of green coffee bean extract [13]. Although the study
mentioned a reduction in caffeine content during the roasting and decaffeination processes, it did not
offer specific information about the solvent employed or the solvent-to-coffee ratio used in the
extraction of caffeine from whole coffee beans using supercritical carbon dioxide [14]. The researchers
investigated the decaffeination rates as a function of CO2 flow rate, temperature, and pressure.
However, they did not specify the type of coffee beans or the optimum solvent-to-coffee ratio used in
their study. They compared nine common coffee extraction methods and found that different coffee
beans contained varying amounts of caffeine per cup of coffee [15]. The researchers did not explicitly
state the type of solvent used or the solvent-to-coffee ratio. They mentioned that solvents such as
chloroform, dichloromethane, ethyl acetate, and supercritical carbon dioxide can be employed for
caffeine extraction from coffee beans [16].. Although the study mentioned the use of ethyl lactate, water,
and ethyl lactate and water mixtures for the pressurized liquid extraction of caffeine and catechins from
green tea leaves, it did not provide specific details about the optimum solvent-to-coffee ratio used in
this process [17]. It was reported that a caffeine/catechin recovery ratio of 2.0 was achieved, but the
specific coffee beans or the solvent-to-coffee ratio was not mentioned. Supercritical carbon dioxide is
recognized as an environmentally friendly solvent for caffeine extraction, but the study did not provide
information about the specific solvent-to-coffee ratio used in this process [18]. Supercritical CO2
decaffeination is commonly characterized as solvent-free [19]. Although the study mentions the use of
supercritical CO2 for caffeine extraction, it does not offer specific details about the solvent-to-coffee
ratio used in this process [20]. The study did not provide information about the specific solvent-to-
coffee ratio used in the caffeine extraction process. utilized reversed phase HPLC to quantify caffeine
in coffee infusions, but did not specify the solvent or solvent-to-coffee ratio used. A natural deep
eutectic solvent (NADES) called choline chloride-sorbitol was employed to extract caffeine and
chlorogenic acid from green coffee beans [21]. he researchers aimed to establish the optimal extraction
method and tested three different preparations of the NADES. However, they did not specify the type
of coffee beans or the solvent-to-coffee ratio used in the study. In a review article, two primary methods
for producing decaffeinated coffee using solvents were discussed: direct solvent extraction of the beans
and water extraction of the beans followed by solvent extraction of the caffeine from the water extract.
The review did not provide specific details about the type of coffee beans or the solvent-to-coffee ratio
used in these processes [22].

Previously, studies on caffeine extraction from coffee beans using solvents have offered valuable
knowledge on the decaffeination process. However, there is a requirement for additional research to
determine the most effective and efficient method for extracting caffeine from coffee beans using
solvents. The specific type of coffee beans, solvent, and optimum solvent-to-coffee ratio are yet to be
fully understood. The solvent-to-coffee ratio plays a crucial role in the efficiency, quality, and cost of
caffeine extraction processes. A higher ratio can result in a greater caffeine yield, but also increased
solvent consumption and waste generation. On the other hand, a lower ratio may lead to a lower caffeine

Journal of Green Science and Technology - Vol. 8 No. 1, March 2024 | 55



Journal of Green Science and Technology P- ISSN: 2598-1277
U NIVERSITY OF SWADAYA GUNUNG JATI CIREBON E- ISSN : 2621-3966

yield, but also lower solvent consumption and waste generation. Consequently, it is essential to optimize
the solvent-to-coffee ratio for caffeine extraction using ethyl acetate to achieve the best balance between
caffeine yield and solvent consumption.

This investigation aims to explore the impact of varying solvent-to-coffee ratios on the caffeine
content derived from Arabica coffee beans using ethyl acetate as the solvent. The study's objective is to
establish the optimal ratio that maximizes caffeine content, thereby improving the efficiency and quality
of caffeine extraction processes. This research intends to provide valuable insights into the extraction
process, which in turn can facilitate the production of caffeine-rich extracts for various applications.

2. RESEARCH METHODOLOGY

The methodology in this research consists of four primary stages, as following: materials preparation,
caffeine extraction and quantification, and result statistical analysis.

2.1 Preparation

In the early stages of material preparation, Arabica Kintamani coffee beans were acquired from a
supplier and kept in an airtight container at room temperature to ensure their quality. A technical-grade
ethyl acetate for the research. Additionally, a range of essential tools and materials were required for
the study, such as a Soxhlet apparatus, a rotary evaporator, a digital balance, a volumetric flask, a
pipette, a UV spectrophotometry, and distilled water. Each of these items played a crucial role in
facilitating the smooth and effective execution of the experiments..

2.2 Caffeine Extraction

To obtain caffeine from coffee beans, the beans were meticulously crushed using a coffee grinder until
they reached the smallest possible particle size. The resulting powdered coftee was then sieved through
a 60-mesh sieve to ensure uniformity. The exact weight of the strained coffee powder was measured
using a digital scale and transferred into a thimble for further extraction procedures. To extract caffeine,
a specific amount of ethyl acetate was measured using a measuring flask and carefully added to a round-
bottom flask. The coffee powder, wrapped in filter paper, was then placed in the round-bottom flask
along with the ethyl acetate. The flask was sealed tightly and placed in a water bath maintained at a
consistent temperature of 50 degrees Celsius. The extraction process was allowed to continue for 2
hours without interruption. The extraction duration was influenced by the solvent-to-coffee ratio, which
was investigated using five different ratios: 1:5, 1:7.5, 1:10, 1:12.5, and 1:15 (w/v). Each experiment
was conducted as a single batch to ensure accuracy and consistent results.

2.3 Caffeine Quantification

The extraction process was carried out using ethyl acetate as the solvent, which effectively separated
the caffeine from the other components of the sample. The resulting solution was then heated until all
the caffeine had solidified, allowing for the weight of the extracted caffeine to be accurately measured
using a digital balance. The concentration of caffeine in the ethyl acetate extract was calculated by
dividing the weight of the extracted caffeine by the volume of ethyl acetate used during the extraction.
To confirm the accuracy of the caffeine content in the ethyl acetate extracts, a standardized method
utilizing UV spectrophotometry was employed. This involved dissolving predetermined quantities of
pure caffeine in ethyl acetate and measuring their corresponding absorbance values to establish a
calibration curve. The relationship between absorbance values and caffeine concentration was then used
in linear regression to estimate the caffeine concentration in the ethyl acetate extracts.

2.4 Result Statistical Analysis

The analysis utilized statistical methods, including a one-way analysis of variance (ANOVA) to identify
significant differences and a post-hoc Tukey test to pinpoint variations between individual ratios. The
Real Statistics Resource Pack software (Version 8.7), developed by Charles Zaiontz as an add-in for
Microsoft Excel 2019, was employed for the computations. In this assessment, any p-value below 0.05
was considered statistically significant.
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3. ANALYSIS AND RESULT

The experimental findings are detailed in Table 1, which displays the caffeine concentration derived
from Arabica coffee beans using various solvent-to-coffee ratios, as determined by UV Spectrometry.
Figure 1 provides a visual representation of the average values and associated measurement errors for
each set of solvent-to-coffee ratios.

Table 1. Concentration of Caffeine Extracted from Kintamani Arabica Coffee Beans Using Different
Solvent-to-Coffee Ratios

Time Concentration (ppm)
(mins) 1:15 1:12.5 1:10 1:7.5 1:5
0 0.000 0.000 0.000 0.000 0.000
20 18.060  12.851 8.006  10.520 7.339
40 20251 17234 10372 9.899 9.571
60 24506  19.459  10.483 9.763 9.082
80 21977 20348 12622 10223  10.563
100 26304 20518 14026 11729  10.847
120 24.067 20597 15880  13.644  11.624

The study's results indicate that the amount of caffeine extracted from Kintamani Arabica coffee beans
using ethyl acetate as the solvent is dependent on the ratio of solvent to coffee. As the ratio of solvent
to coffee increases, the concentration of caffeine extracted also increases. This suggests that a higher
quantity of solvent leads to a greater extraction of caffeine from the coffee beans.

The descriptive statistics presented in Table 2 offer a comprehensive analysis of the characteristics of
each group, highlighting the variations and trends within each set. The histograms in Figure 1, which
depict the variance and standard error for each group, provide a visual representation of the data,
allowing for a more in-depth understanding of the distributions. The results of the ANOVA test, as
displayed in Table 3, indicate a significant difference in caffeine content among the various solvent-to-
coffee ratios (F(4,08724) = 0.0092, p < 0.05), suggesting that these ratios have a significant impact on
the caffeine content of the coffee..

Table 4 displays the results of the post-hoc Tukey test, which includes pairwise comparisons and p-
values. The test reveals that the 1:5 solvent-to-coffee ratio has a significantly higher caffeine content
compared to the 1:15 and 1:12.5 ratios (p < 0.05 for all comparisons). Additionally, the 1:7.5 ratio
shows a significantly higher caffeine content compared to the 1:15 ratio (p < 0.05 for all comparisons).
These findings indicate that the 1:5 ratio has the highest caffeine content among all ratios, as it is
significantly higher than two other groups of solvent-to-coffee ratios. It is noteworthy that there are no
significant differences in caffeine content between any pair of groups with p-values of 0.05 or greater.

The research indicates that the proportion of solvent to coffee plays a crucial role in the effectiveness
of caffeine extraction using ethyl acetate as the solvent. The most effective solvent-to-coffee ratio for
maximizing caffeine content in ethyl acetate extracts is a ratio of 1:5, which results in a concentration
of 1930.9 mg/mL. This ratio strikes an optimal balance between caffeine yield and solvent usage.

In summary, the study found that there was no significant difference in the extraction efficiency of
caffeine when using ethyl acetate as a solvent at ratios of 1:10, 1:7.5, and 1:5. The p-value was greater
than 0.05, indicating that the results were not statistically significant. The possible explanation for this
finding is that coffee solids contain substances like oils, acids, sugars, and proteins that interact with
ethyl acetate and reduce its ability to dissolve caffeine. As a result, the more solvent used may cause
less caffeine to dissolve, leading to a reduced extraction efficiency.
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Table 2. Descriptive. Statistics for Different Groups

DESCRIPTION Alpha 0.05
Group Count Mean Variance SS Std Err
1:15 7 843.229 157626 945753 237.123

1:12.5 7 939.686 190180 1141082 237.123
1:10 7 1019.843 269550 1617301 237.123
1:7.5 7 1628.671 548973 3293840 237.123
1:5 7 1930.92 801634 4809805 237.123
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Figure 1. Mean Values and Standard Errors for Each Group of Solvent-to-Coffee Ratios

Table 3. ANOVA Results for Source of Variation

ANOVA

P
Sources SS df MS F value
Between
Groups 54973489 4.0 1374337 5.063 0.003
Within
Groups 814340 30.0 271446,7
Total 13640749,5 34.0 401198.5
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Table 4. P-Values for Pairwise Comparisons in Variable Groups
P> 1115 1125 1100 1750 1S

value

1:15 - 0.998 0.984 0.160 0.022

1:12.5 | 0.998 - 0.999 0.266 0.044

1:10 0.984 0.999 - 0.384 0.075

1:7.5 0.160 0.266 0.384 - 0.894

1:5 0.022 0.044 0.075 0.894 -

4. CONCLUSION

The caffeine content extracted from Arabica Kintamani coffee beans using ethyl acetate can be
influenced by the solvent-to-coffee ratio. As the ratio increases, the caffeine concentration also rises.
Descriptive statistics and ANOVA tests have confirmed that there are significant differences among the
ratios. Among the tested ratios, 1:5 has the highest caffeine content, followed by 1:7.5. The optimal
ratio for maximum caffeine extraction is 1:5, which results in a caffeine concentration of 1930.9 mg/mL.
There are no significant differences in caffeine content between ratios 1:10, 1:7.5, and 1:5..
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