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The study aims to assess and evaluate the use of a microbial mixed culture derived from 

civet digestive microbes, selectively enriched for caffeine utilization, on the 

physicochemical properties of fermented coffee beans. The varieties of coffee used in 

this study include Arabica and Robusta coffee cherries. The specific objective of this 

study is to decaffeinate the coffee beans through the fermentation process using civet 

digestive microbes selectively enriched. The fermentation process was performed at 

37±0.5℃ for 48 hours. Results revealed that the decaffeination rate of fermented arabica 

coffee (0.08% per hour) was twice that of fermented robusta coffee (0.04% per hour). 

After 48 hours of incubation, the caffeine content of the fermented robusta coffee (1.7%) 

was slightly higher than that of the arabica coffee (1.5%). This finding is significant as 

the decaffeination method offers a practical, sustainable alternative to chemical 

decaffeination. The volatile fatty acids (VFA) generated in the fermented arabica coffee 

peaked at 4 hours of incubation with a concentration of 3.45 g/L VFA. On the other hand, 

the VFA production in the fermented robusta coffee reached a peak at 20 hours of 

incubation (3.50 g/L). The caffeine content of both arabica (1.46%) and robusta coffee 

(1.65%) beans was somewhat higher than that of the original civet coffee (1.32%). 

Results revealed that prolonged acidic conditions (pH<5.0) during the coffee 

fermentation not only restrict the degradation of caffeine but also inhibit the formation of 

VFA. 
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1. INTRODUCTION

Coffee is a non-alcoholic beverage that is widely consumed 

by people worldwide. With millions of cups drunk every day, 

coffee has been one of the most widely traded products in 

global markets [1]. As one of the most popular drinks in the 

world, it has had a significant role in consumer culture recently 

[2]. The largest coffee-producing countries in the world, 

leading a major part in fulfilling the world's demand for coffee 

beans, include Brazil, Vietnam, Colombia, Indonesia, and 

Ethiopia. Most people consume coffee typically to feel relaxed 

due to its certain aromas and tastes [3]. Besides obtaining 

nutritional advantages such as antioxidants [4], coffee also 

provides some positive effects in consumers’ physiology and 

psychology [1, 2]. The study added that the consumption of 

coffee may potentially have positive effects on the gut 

microbiota as well as the gastrointestinal tract [5]. 

Current research and development on coffee production 

have remarkably produced specialty coffees providing 

splendid flavors and special aromas [6]. These properties are 

related to their genotype and the location where they are 

planted [7, 8]. Some studies reported that the quality of coffees, 

including their tastes and aromas, could also be improved by 

introducing various methods in coffee processing, such as 

fermentation and drying processes [9-11]. The authors added 

that various processing practices may stimulate the formation 

of metabolites that could influence the physicochemical 

properties of the coffee beans, and thereby enhance their level 

of cupping [11]. 

Introducing fermentation to coffee processing is a crucial 

step to produce high-quality coffee beans [12]. Coffee 

fermentation is normally carried out to remove mucilage from 

the coffee skin. The mucilage in coffee cherries typically 

contains carbohydrates, including polysaccharides, cellulose, 

pectin, and starch [13]. The fermentation process is 

accelerated by enzymes that are naturally acquired in the 

coffee cherries and also released by microbes. When the coffee 

cherries are fermented, carbohydrates in the coffee pulp and 

mucilage are converted into metabolites, such as organic acids 

and alcohol [14, 15]. These fermentation end-products 

specifically would diffuse into the beans and thereby improve 

the tastes and aromas of the coffee [1]. 

Some typical microbes used in coffee fermentation include 

bacteria, fungi, and yeast. Those microbes have a significant 

role in converting mucilage by generating some enzymes and 

metabolites [16]. A recent study has reported that coffee 

fermentation has been more attractive among coffee producers 

as they could enhance the quality of coffee beans and generate 
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specialty coffee [1, 17]. Some studies have revealed that the 

fermentation process may alter the physiological attributes of 

the coffee beans, including a reduction in water content and 

simple soluble carbohydrates and improvement of flavor and 

aroma precursor [18, 19]. 

Many studies have been reported regarding coffee 

fermentation; they usually use a particular microorganism, 

such as Saccharomyces cerevisiae and lactic acid bacteria [20, 

21]. Using a specific microbe, a pure culture or single culture 

normally would generate a special metabolite. This certainly 

may not significantly alter and enrich the attributes of the 

fermented coffee. On the other hand, coffee fermented using 

mixed culture or various microorganisms involved may 

potentially enhance the quality of the coffee beans due to the 

variety of metabolites generated [14, 22, 23]. The mixed 

culture coffee fermentation naturally occurs in the civet's 

digestive system. This occurs in civet coffee fermentation 

involving various types of microbes. In this process, the coffee 

cherries are consumed by the civet and subsequently 

fermented by microbial consortia in the digestive system of the 

civet to form various fermentation end-products, including 

volatile and non-volatile fatty acids [24]. Hence, the civet 

coffee may have a superior taste compared to other types of 

coffee [25]. The study added that when questioned about the 

advantages of civet coffee compared with other types of coffee, 

tour guides at 12 of the plantations stated that the main 

advantage was superior taste. A previous study showed that 

the addition of inoculum derived from civet digestive 

microbes enriched with sugar or soluble carbohydrates would 

significantly reduce sugar content in the coffee beans, in which 

around 84% of the sugar was converted within 24 hours of 

incubation [14]. The current study aims to assess and evaluate 

the use of inoculum from civet fecal suspension for fermenting 

coffee cherries, including arabica and robusta. The organic 

acid formation and carbohydrate degradation will be 

thoroughly evaluated during the fermentation process. 

As caffeine content is a significant attribute of coffee beans, 

the decaffeination process will also be covered in this study. A 

study mentioned that decaffeination is a process to reduce 

caffeine content in coffee [26]. The reduction of caffeine 

content in coffee may minimize the bitter taste of the coffee 

[27]. Besides, decaffeination is also a method to lower the side 

effects of caffeine in the body of coffee consumers [28]. 

Several methods for the decaffeination process include water 

decaffeination, which involves hot water extraction, 

supercritical decaffeination using CO2, solvent decaffeination 

using solvents such as acetone, chloroform, ethyl acetate, 

ethanol, and ethyl ether, and biological decaffeination using 

enzymes. Each method of decaffeination would generate a 

coffee with special characteristics based on some operating 

conditions such as temperature, duration, solvent, solvent 

concentration, and pressure introduced [26]. In this current 

study, decaffeination will be performed via a fermentation 

process using a mixed culture of civet digestive microbes, 

adapted for caffeine utilization through a selective enrichment 

process. The study hypothesizes that the civet microbiota 

selectively enriched with caffeine utilization may enhance 

caffeine degradation of the coffee beans. 
 

 

2. MATERIALS AND METHODS 
 

2.1 Preparation of coffee fruit 

 

The experiments were carried out using coffee fruits, 

including arabica coffee (Coffea arabica) and robusta coffee 

(Coffea canephora). The fruits were collected from the coffee 

plantation in the Gayo Highland, Jeget Ayu Village, Jagong 

Jeget subdistrict, Central Aceh Regency, Takengon, Aceh 

Province, Indonesia. In this study, the type of coffee used for 

the experiments is coffee cherry or unpeeled coffee fruits. The 

collected coffee was the ripe coffee cherries, and they were 

harvested when their skin color had turned dark red. The dark 

red coffee cherries were picked after 9 months from flowering. 

Before the start of the experiments, all collected coffee 

cherries were sorted and cleaned to remove undesired 

materials that may hinder the fermentation processes. The 

original civet coffee beans were also prepared and taken from 

the coffee plantation. In this research, the civet coffee beans 

were used to compare data between in vivo and in vitro results 

[29]. 
 

2.2 Culture preparation 
 

The microbial inoculum used for the coffee fermentation 

was obtained from a selectively enriched civet fecal 

suspension. The civet fecal suspension used was derived from 

the civet poop collected from the coffee plantation in the Gayo 

Highlands, Takengon, Aceh, Indonesia. The civet poop and 

civet coffee beans used for the current experiments were 

derived from the wild civet habitat in the Gayo coffee 

plantation. All collected civet poops were then placed in a 

sealed bottle. Shortly after collection, the civet poop was kept 

at the body temperature of the civet, which was around 

37±0.5℃ [30]. This practice was performed to maintain the 

activities of the civet's digestive microbes close to their 

indigenous ecosystem. 

Microbial cultivation processes were conducted via 

selective enrichment by gradually loading culture media and a 

particular substrate. To enrich microbes' degrading caffeine 

and to induce the digestive microbes to adapt to caffeine 

utilization, the only substrate fed into the culture during the 

cultivation process was caffeine. The microbial culture media 

were prepared by dissolving 1g of NaHCO₃ (Merck, 

Germany), 1g of Bacto Peptone (Merck, Germany), 1g of 

NH4Cl (Merck, Germany), and 1g of caffeine (Sigma Aldrich, 

USA) in 100ml of distilled water. A hundred grams of civet 

poop was subsequently mixed with the culture media. The 

selective enrichment process was carried out by gradually 

adding 100ml of medium and substrate into a 500ml fed-batch 

reactor. The reactor was continuously agitated with a stirring 

rate of 50 rpm. The enrichment process lasted for around 5 

days until the volume of the culture reached 500ml, with the 

headspace about 100cm3. The culture was continuously stirred 

at The process of microbial cultivation was performed at 

mesophilic conditions at around 37±0.5℃. The specific 

microbial growth during the cultivation period would be 

shown by an optical density (OD) measurement chart. The 

physical and chemical properties of the civet fecal suspension 

used as inoculum for civet coffee in vitro fermentation are 

depicted in Table 1. 
 

Table 1. Physicochemical characteristics of civet fecal 

suspension 
 

Parameters Unit Value 

Total dissolved solids mg/L 90.5±0.3 

pH - 7.61±0.01 

Salinity mg/L 91±0.2 

Optical density OD600 0.541±0.02 

Electrical conductivity μS/cm 179.8±0.1 
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2.3 Experimental design and procedures 

 

The experiments were carried out to assess the effects of 

coffee fermentation using civet fecal suspension enriched with 

caffeine utilization on the physicochemical properties of 

various types of fermented coffee beans, including arabica and 

robusta coffee beans. Characterization of original civet coffee 

beans was also performed to compare the physicochemical 

characteristics between coffee fermented in vivo and coffee 

fermented in vitro using inoculum enriched with caffeine 

utilization. The process was conducted in a series of batch 

trials. The working volume of the fermenter used in this test 

was 80 ml. The starter used for the coffee fermentation was 

derived from the microbial culture cultivation process, with a 

concentration of 40% of the total volume. Hence, the ratio of 

coffee to suspension applied to the anaerobic fermentation 

process was 2:3. The experiment trials were carried out in 

duplicate to ensure reproducible and consistent results. To 

avoid any cross-contamination during coffee fermentation, the 

process was conducted in closed batch reactors. 

The coffee fermentation lasted for 48 hours to allow all 

coffee fruits to be completely fermented. To have similar 

environmental characteristics between in-vitro and in-vivo 

civet coffee fermentation, the operational temperature of this 

in-vitro civet fermentation was maintained at 37±0.5℃, which 

was somewhat close to the typical body temperature of civet 

[30]. Shortly after fermentation was completed, each sample 

of coffee beans fermented in vitro was assessed and compared 

with the coffee beans fermented in vivo or the original civet 

(luwak) coffee beans for their physical-chemical properties. 

 

2.4 Analytical methods 

 

Each collected sample was periodically analyzed to assess 

the physicochemical characteristics of various types of 

fermented coffee beans. Before the start of the experiments, 

each sample of Arabica and Robusta coffee cherries was 

analyzed for its properties. The pH of the culture derived from 

the selective enrichment process was monitored regularly 

using a Lab Benchtop pH meter multifunction with the 

complete probe, Model MW 102 (Milwaukee, USA). Before 

the measurement, the pH meter used was calibrated and 

validated using a buffer solution to ensure accurate and precise 

data collection [31]. 

To evaluate the potential microbial growth during the 

selective enrichment and/or microbial cultivation processes, 

optical density (OD) was measured using a Lab UV-VIS 

Spectrophotometer, 325-1000nm, 4nm Ultraviolet 

(Yuchengtech, China). Before the OD analysis of the test 

sample, a blank sample of distilled water was introduced into 

the spectrophotometer. The microbial culture OD 

measurement was carried out at the 600 nm wavelength [32]. 

Samples of coffee before and after fermentation were 

measured for their moisture and solid contents using a 

laboratory oven (Thermolyne Drying Oven, USA) at a 

temperature of 105℃ for 24 hours. Those samples were 

subsequently analyzed for ash content using a muffle furnace 

(Thermolyne Drying Oven, USA) at a temperature of the 

temperature of 600℃±50℃ for around two hours. All 

procedures to perform the analysis were based on the Standard 

Methods [33, 34]. 

The analysis of soluble carbohydrate concentration in the 

raw, fermented, and original civet coffee beans was performed 

by using the Glucometer BioSensor AGM-2100 (Gluco 

Dr.auto, South Korea) with an assay method of 

electrochemical method (Gold electrode). The measurement 

process was conducted at room temperature. To acquire 

accurate and reproducible data, the analyzer was calibrated 

before use. To prevent an exaggerated reading of the data 

collected, 10 times the dilution factor was applied to each 

analyzed sample. All procedures applied for the soluble 

carbohydrate analysis of the fermented coffee were performed 

according to the method developed by Darwin [35]. 

The determination of volatile fatty acids (VFA) was 

performed to assess the formation of organic acids, especially 

VFA, during the fermentation process of Arabica dan Robusta 

coffee. The analysis of VFA was conducted by using the 

titrimetric method. The measurement of VFA was performed 

with a Lab Standard pH meter (Milwaukee, USA). Each 

sample was initially acidified to pH 3.0 with hydrochloric acid 

to convert bicarbonate to H₂CO₃ (→ CO₂).. After the 

acidification step, the sample was aerated to remove carbon 

dioxide. Each sample was then back titrated using sodium 

hydroxide from pH 3.9 to 5.6. To have both precision and 

accuracy at both low and high VFA levels, a titration volume 

of 40ml was applied in this analysis. To ensure the accuracy 

of the obtained results, an assessment of the control sample 

was conducted periodically. The analytical procedures used 

were based on the study performed by Lützhøft et al. [36]. 

As caffeine was an essential substance of the coffee, the 

current study performed the caffeine analysis on the coffee 

samples, including coffee cherries and coffee beans fermented 

in vivo and in vitro. The determination of caffeine 

concentration of the coffee beans was analyzed by using a 

laboratory. UV-Visible Spectrophotometer (Yuchengtech, 

China). The caffeine measurement was performed at the 

wavelength of 275nm [37]. Before the measurement, 1g of 

milled fine coffee beans was mixed as well as dissolved into 

150ml of hot distilled water. The sample was then filtered 

using filter paper and placed into a glass beaker. Calcium 

carbonate (Merck, Germany) 1.5g was added to the mixture, 

and subsequently, the sample was extracted four times using 

chloroform (Merck, Germany) 25ml. The extract was then 

heated using a laboratory oven to remove the remains of the 

chloroform. Before sample analysis using a 

Spectrophotometer, the extract of the caffeine was 

subsequently diluted 10 times dilution of distilled water [38]. 

The caffeine degradation efficiency was also assessed to 

evaluate the effectiveness of the decaffeination of the coffee 

fermented using a starter derived from the selectively enriched 

microbe caffeine utilization. The caffeine degradation was 

measured based on the initial and final caffeine content in the 

coffee beans. 

 

2.5 Statistical analysis 

 

The experimental data collected during in vitro civet coffee 

fermentation were statistically analyzed using descriptive 

statistical analysis methods. To ensure reproducible data, the 

data from fermentation samples collected was replicated in 

duplicate. The obtained data analysis was to evaluate the 

effects of caffeine-degrading microbial culture generated from 

the selective enrichment process on the physical-chemical 

characteristics of arabica and robusta coffee beans fermented 

in vitro, compared to civet coffee beans generated in vivo.
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3. RESULTS AND DISCUSSION 

 

3.1 Microbial cultivation 

 

The results of the current study showed that the growth of 

microbes occurred during the cultivation process. The 

microbial growth, as indicated by the OD number, 

continuously increased from day 1 to day 4 of incubation and 

reached a stable value from day 4 to day 5 of the incubation 

period. During this period, the mixed microbial culture was 

selectively enriched with the addition of caffeine as the only 

substrate. This may indicate that the culture has somewhat 

adapted to the utilization of caffeine. As depicted in Figure 1, 

the OD of the culture gradually increased from 0.066 to 0.230. 

Besides, during the incubation period pH of the culture was 

stable between 7.5 and 7.6, which was quite feasible for the 

fermentation process [39, 40]. The results suggested that the 

selectively enriched mixed microbial culture generated was 

certainly worthwhile to use as an active starter for fermenting 

coffee fruits to form volatile fatty acids (VFA) and degrade or 

reduce their caffeine content. This is because caffeine and 

VFA were essential substances of the coffee beans, 

determining the quality of the coffee beans and the consumers’ 

preference [41, 42]. Hence, the use of microbial starters 

adapted to caffeine utilization would be significant for the 

development of coffee production. 

 

 
 

Figure 1. Microbial growth as measured by absorbance 

(OD600) and pH of the inoculum supplemented with caffeine 

during the process of selective enrichment 

 

3.2 Characteristics of coffee cherries before fermentation 

 

In this current study, two varieties of coffee cherries utilized 

in the experiments included arabica and robusta coffee 

cherries. The initial properties of the coffee cherries before 

fermentation are depicted in Table 2. Results revealed that 

robusta coffee cherries had more caffeine (2.11%) than arabica 

coffee cherries (1.83%). This agreed with some studies 

describing that robusta coffee had relatively higher levels of 

caffeine content in comparison to that of Arabica [43, 44]. 

They reported that Robusta coffee beans not only have more 

caffeine content than Arabica coffee beans, but they also carry 

a stronger and more naturally bitter taste [45]. Hence, the use 

of a starter enriched with caffeine utilization generated in this 

study would potentially be feasible to reduce the caffeine 

content of the coffee and thereby generate decaffeinated coffee 

beans. This is significant because some people prefer 

decaffeinated coffee over regular coffee. This is because a 

study mentioned that the consumption of decaffeinated coffee 

may have health benefits, such as improving insulin sensitivity 

[46]. 

Results revealed that the alkalinity of robusta coffee 

cherries was slightly higher (1.74 mmol/L) than arabica coffee 

cherries (1.18 mmol/L). Besides, both coffee cherries were 

somewhat too acidic, and the pH of robusta coffee cherries was 

slightly higher (pH 5.60) than arabica coffee cherries (pH 

5.48). Hence, the use of inoculum that had a higher pH level 

(pH 7.5) than that of the coffee cherries would be significant. 

This is because the combination may generate synergetic 

effects during the fermentation process [47, 48], and thereby 

could optimize the conversion of organic materials of the 

coffee cherries to form useful metabolites that may improve 

the quality of coffee beans. 

As presented in Table 2, both arabica and robusta coffee 

cherries had substantial nutrients and minerals required for 

fermentation, including solid content (60-61%) and ash 

content (5.0-6.5%). Further, the coffee cherries used in these 

experiments contained soluble carbohydrates, which were 

between 19 and 21mmol/L glucose. The presence of 

carbohydrates in the fermentation process is very crucial. This 

is because the carbohydrates may be utilized by fermentative 

microbes as their sources of carbon and energy, and converted 

into fermentation end-products [49]. The metabolites, or 

fermentation end-products, generated during the coffee 

fermentation included volatile and non-volatile fatty acids. 

These components normally diffuse into the coffee beans, alter 

their properties, and eventually enhance their flavor and aroma 

[50]. 

 

Table 2. Physico-chemical characteristics of arabica and 

robusta coffee cherries before fermentation 

 
Parameters Unit Arabica Robusta 

Caffeine g/100g 1.83±0.02 2.11±0.03 

Alkalinity mmol/L 1.18±0.03 1.74±0.01 

pH - 5.48±0.02 5.6±0.1 

Solid content % 59.96±0.01 60.5±0.15 

Ash content % 4.97±0.02 6.52±0.02 

Moisture content % 40±0.2 39.4±0.1 

Soluble carbohydrate mM glucose 21.09±0.03 19.43±0.01 

 

3.3 Fermentation process of coffee cherries by the civet 

digestive mixed microbial culture 

 

3.3.1 pH of the coffee during in vitro civet coffee fermentation 

The results of the current study revealed that within 2 hours 

of the fermentation period, the pH of both arabica and robusta 

coffee cherries inoculated with a mixed culture of civet 

digestive microbes dropped from around 6 to 5.50 (Figure 2). 

After 2 hours of fermentation period, the pH of the fermented 

arabica coffee cherries continuously decreased from 5.20 to 

4.31, while the pH of the fermented robusta coffee cherries did 

not undergo a significant drop as arabica coffee did. Results 

showed that from 2 hours to 48 hours of incubation, the pH of 

the fermented robusta coffee cherries dropped from 5.71 to 

5.65. This occurred since robusta coffee had higher alkalinity 

(1.74 mmol/L) than arabica coffee (1.18 mmol/L). The high 

alkalinity of the robusta coffee cherries suggests they have 

high buffering capacity that may have the ability to neutralize 

the acids formed during the fermentation process [51]. 

 

3.3.2 VFA formation during in vitro civet coffee fermentation 

As a volatile organic compound, volatile fatty acids (VFA) 

formation during coffee fermentation may also affect the 
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quality of coffee beans by improving as well as enriching their 

aroma and flavors [52]. In this present study, VFA formation 

occurred within 2 hours of incubation in at which time both 

arabica and robusta coffee generated around 1.4 g/L VFA 

(Figure 3). Some factors affecting the formation of VFA 

during the fermentation process typically include the types of 

microorganisms present in the culture, the types of substrates 

supplemented and their composition, conversion rate, 

alkalinity, and pH of the fermentation culture [53, 54]. 

The production of VFA in the fermented arabica coffee 

reached a peak at 4 hours of incubation, in which the 

concentration of VFA produced was about 3.45 g/L VFA. At 

this period, the pH of the fermented arabica coffee was around 

5.10, which may be feasible for VFA production [55]. From 

20 hours to 24 hours of incubation, the concentration of VFA 

in the fermented arabica coffee dropped from 3.40 to 1.40 g/L 

(Figure 3). The decrease in VFA during this period may be 

attributed to an extremely low pH level (4.20), which may 

inhibit the formation of VFA. On the other hand, the formation 

of VFA in the fermented robusta coffee reached a peak at 20 

hours of incubation, at approximately 3.50 g/L. At this stage, 

the pH of the fermented robusta coffee was around 5.0. After 

20 hours of incubation, a drop of VFA content in the fermented 

robusta coffee occurred, in which at this phase the 

concentration decreased from 3.50 to 1.04 g/L. This 

phenomenon would also be related to a drop in pH in the 

fermented robusta coffee from 5.0 to 4.60, which may restrict 

the VFA production. This is because some VFA producers are 

suppressed at an extremely low pH (<5.0) [56]. Studies report 

that the formation of VFA as a fermentation end-product may 

be altered when the pH is too acidic. When the pH of the 

culture drops from 5.0 to 4.0, the formation of metabolites in 

the fermentation process may be taken over by lactic acid 

producers. The formation of lactic acid may occur at an 

extremely low pH (<4.50). The lactic acid could be generated 

under extremely acidic conditions, as the pKa of lactic acid is 

about 3.80 [57, 58]. 
 

 
 

Figure 2. pH of different types of coffee cherries during the 

fermentation period 

 

 
 

Figure 3. VFA formation of different types of coffee cherries 

during the fermentation period 

3.3.3 Carbohydrate concentration during coffee fermentation 

Results of the present study revealed that within 4 hours of 

incubation, soluble carbohydrates in the fermented arabica and 

robusta coffee dropped drastically from 20 to 5.0 mmol/l 

glucose. At this stage, the rate of the carbohydrates converted 

during the fermentation process was around 2.50 mmol/l per 

hour. A high conversion rate would be attributed to an active 

starter introduced to the culture as the starter was generated 

from a selective enrichment process (Figure 1). After a 24-

hour fermentation period, the soluble carbohydrates detected 

were merely 1.3 mmol/l glucose (Figure 4). During the 

fermentation of coffee cherries, fermentative microbes 

degrade and convert their pulps and mucilage to form 

metabolites, including volatile fatty acids, lactic acid, and 

alcohols. The fermentation end-products would alter the 

physicochemical properties of the coffee beans and 

subsequently modulate the coffee flavors and aroma [59]. 
 

 
 

Figure 4. Soluble carbohydrate concentration of different 

types of coffee cherries fermented with the civet digestive 

mixed microbial culture 
 

3.3.4 Caffeine degradation during in vitro civet coffee 

fermentation 

The process of decaffeination via fermentation is a 

significant method since it can reduce and degrade the caffeine 

content of the coffee beans without changing the flavors and 

aroma of the coffee [26, 60]. Compared with other 

decaffeination methods (such as supercritical CO2, solvent 

decaffeination, water decaffeination), the advantages of bio-

fermentation decaffeination include retaining flavor 

precursors, lower energy, and investment cost [61]. Besides, 

by affecting multiple compounds rather than just a single 

component, fermentation significantly impacts aroma and 

taste. 

The results of the present study revealed that during the 

coffee fermentation, the process of decaffeination of Arabica 

coffee was faster than that of Robusta coffee. As depicted in 

Figure 5, within 24 hours of incubation, caffeine content of 

arabica coffee decreased from 3.90 to 2.0% while within this 

period, caffeine content of robusta coffee reduced from 4.00 

to 3.00%. At this stage, the rate of decaffeination of the 

fermented arabica coffee (0.08% per hour) was two times 

higher than that of the fermented robusta coffee (0.04% per 

hour). After 48 hours of incubation, the caffeine content of the 

fermented robusta coffee (1.7%) was slightly higher than that 

of the arabica coffee (1.4%). Overall, both fermented arabica 

and robusta coffee merely reached around 63% and 60% of 

caffeine degradation, respectively. The low efficiency of 

caffeine degradation may be attributed to the extremely low 

pH in the fermentation culture. Besides, as the coffee 

fermentation culture is too acidic, it would restrict the 

microbial activity and thereby may inhibit the fermentative 

microbes from degrading the caffeine of the coffee. 
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Figure 5. Caffeine of different types of coffee cherries 

fermented with the civet digestive mixed microbial culture 

3.4 Physicochemical characteristics of civet coffee 

fermented in vitro and in vivo 

The results of the present study revealed that the caffeine 

content of both arabica (1.46%) and robusta coffee (1.65%) 

beans was somewhat higher than that of the original civet 

(luwak) coffee (1.32%) (Table 3). This suggested that the 

decaffeination that occurred in the in-vivo fermentation of 

civet was much better than in-vitro fermentation. This would 

be related to the active complex microbial consortia and 

buffering system present in the digestive system of the civet 

[30]. The low decaffeination rate of coffee fermented in vitro 

would also be attributed to the pH level. The results showed 

that the pH of coffee fermented in vivo by civet (pH 5.33) was 

higher than that of coffee fermented in vitro, including arabica 

(pH 3.81) and robusta (pH 4.97) coffee beans. The low pH in 

the in vitro fermentation may restrict the degradation of 

caffeine in the coffee beans. Further, an extremely low pH in 

the fermentation culture would potentially inhibit the 

formation of volatile fatty acids. As presented in Table 3, the 

VFA generated in the civet coffee or in-vivo process (2.3 g/L) 

was double compared of the in-vitro fermentation of arabica 

(1.10 g/L) and robusta (1.04 g/L) coffee. 

Table 3. Physicochemical characteristics of various types of 

fermented coffee beans 

Parameters Unit Arabica Robusta Civet/Luwak Coffee 

Caffeine g/100g 1.46 ± 0.015 1.65 ± 0.01 1.32 ± 0.02 

Carbohydrate mM ND 0 ± 0.02 0 ± 0.01 

pH - 3.81 ± 0.03 4.97 ± 0.02 5.33 ± 0.01 

VFA g/L 1.10±0.03 1.04±0.01 2.30±0.15 

Moisture 

content 
% 53.02±0.02 51.57±0.02 32.15±0.01 

Ash content % 1.45±0.015 1.41±0.01 1.50±0.02 

Solid content % 46.90±0.03 48.4±0.01 67.85±0.01 

Moisture 

content after 

drying 

% 11.45 ± 0.015 11.62 ±0.02 11.95 ± 0.01 

ND: Not Detected 

The results suggested that the high quality of the civet 

coffee beans may not only be attributed to their low caffeine 

content but also could be related to the high VFA generated. 

Since VFA is a volatile compound, its formation during the 

fermentation process may significantly improve the aroma and 

enrich the flavors of the fermented coffee beans [5, 62]. 

Besides, to have the fermented coffee beans have similar 

characteristics as the civet coffee beans pH of the fermentation 

culture should be maintained not lower than 5.0. This is 

significant because an extremely low pH not only inhibits the 

formation of VFA [63] as a volatile compound but also 

restricts the decaffeination process [64]. As shown in Table 3, 

the pH of civet coffee performed in vivo is higher than coffee 

fermented in vitro; this could be attributed to the buffering 

system in the in vivo process that can maintain the pH level. 

On the other hand, the in vitro fermentation performed in this 

study did not use any buffers or add alkaline substances that 

could prevent the pH from a significant drop when the organic 

acid is produced during the fermentation process. 

4. CONCLUSION

The decaffeination process of coffee via microbial 

fermentation was quite effective in reducing the caffeine 

content of the coffee beans. The rate of decaffeination of the 

fermented arabica coffee was double (0.08% caffeine/h) that 

of the fermented robusta coffee (0.04% caffeine/h). The 

caffeine content of the coffee beans fermented in vitro (arabica 

and robusta coffee beans) was higher compared to that of the 

coffee fermented in vivo or civet coffee beans. The caffeine 

degradation efficiency of both fermented arabica and robusta 

coffee was around 63% and 60%, respectively. VFA formed 

in the civet coffee beans via the in-vivo process (2.3 g/L) was 

double compared to the in-vitro fermentation of arabica (1.10 

g/L) and robusta (1.04 g/L) coffee. An extremely low pH in 

the coffee fermentation culture of this study may not only 

restrict the degradation of caffeine but also inhibit the 

formation of VFA. Hence, for future study, an increased pH 

level (such as maintaining pH 5.5-6.5) in the coffee 

fermentation culture may potentially improve caffeine 

degradation and enhance VFA formation. 
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