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ABSTRACT 

Background: Kopi Luwak is a rare type of coffee, that is partially digested in the Asian palm civet’s digestive tract before 

roasting. It therefore possesses a distinctive flavor and unique properties, shaped by the digestive enzymes in the civet's 

intestine. 

Objective: In this study, the differences of mineral composition, antioxidant potency and total polyphenol amount 

between commercially available Kopi Luwak and regular coffees (without digestive fermentation) were evaluated. 

Methods: Twenty-one regular type of coffee bean and 17 of Kopi Luwak bean were purchased from local markets or 

Kopi Luwak production company in Indonesia.  The samples were then analyzed for the levels of 23 minerals (Al, As, Ba, 

Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe, Li, Mg, Mn, Mo, Ni, Pb, Rb, Se, Sn, Sr, V and Zn) using ICP-MS system. The total polyphenol 

amount and antioxidant activity were evaluated using Folin-Ciocalteu assay and DPPH (1,1-Diphenyl-2-picrylhydrazyl) 

radical scavenging assay, respectively. 

https://doi.org/10.31989/ffhd.v14i11.1469
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Results: Of these 23 minerals, the concentrations of Mn and Ba were significantly lower in Kopi Luwak than in regular 

coffee. Otherwise, the concentrations of Cu and Rb in Kopi Luwak were significantly higher than those in regular coffee. 

The IC50 value on DPPH radical scavenging assay of Kopi Luwak (61.4±2.8 mg/dL) was significantly lower than that of 

regular coffee (93.6±1.9 mg/dL). Total polyphenol amount for Kopi Luwak was significantly higher than regular coffee. 

The correlation factor between these factors was r = -0.5910 and p < 0.001. 

Conclusion: Kopi Luwak had lower concentrations of Mn and Ba, but higher levels of Cu and Rb compared to regular 

coffee. Additionally, Kopi Luwak exerted strong antioxidant activity and contained higher polyphenol amounts than 

regular coffee. Thus, our findings imply that Kopi Luwak is an important candidate for functional foods. 

Keywords: antioxidant potency, ICP-MS, Kopi Luwak, mineral composition, polyphenols 
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INTRODUCTION 

Coffee is widely recognized as one of the most popular 

beverages in the world. The global market for “ready-to-

drink beverages,” such as coffee and tea was estimated 

to be worth 103.62 billion USD in 2022 and is projected 

to grow at an annual growth rate of 6.2% until 2030 [1]. 

Undoubtedly, one reason for the popularity of coffee for 

daily consumption is its various functional properties, 

such as anti-obesity, anti-cardiovascular disease, and 

anti-diabetes activities [2]. It is also widely known that 

coffee is rich in biological active ingredients, such as 

polyphenols, and shows strong antioxidant activity [3]. 

Therefore, the shift towards healthier and more 

convenient beverage choices is a major force on market 

growth [1].  

Unroasted green coffee has recently aroused 

consumer interest because of its nutritional potential [4]. 

On the other hand, the roasting process affects the taste 

http://creativecommons.org/licenses/by/4.0
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of the coffee beverage by physically and chemically 

changing the flavor and bitterness of the coffee beans [5]. 

For example, temperature causes changes in bioactive 

compounds, such as polyphenols and the appearance of 

Maillard reaction compounds, which affect the sensory 

and antioxidant properties of the product [3]. Therefore, 

coffee brewed from roasted coffee is highly popular. In 

the “ready-to-drink market”, consumers are also 

attracted to the wide range of varieties that cater to 

diverse tastes in the coffee beverages [1]. Therefore, in 

recent years, coffee with flavors such as cinnamon, 

chocolate, and hazelnut have become widely accepted.

Figure 1. Conceptual diagram of the processing method for Kopi Luwak (KL). 

Kopi Luwak is one of Indonesia's most popular coffees. 

The wild Asian palm civet (Paradoxurus hermaphroditus) 

likes to eat raw coffee cherry beans [6], which it partially 

digests then excretes in its feces. The excreted beans are 

then collected, washed, dried, and roasted to make Kopi 

Luwak (Figure 1). The annual production of Kopi Luwak is 

estimated to be 127 kg, but this is recognized to be a 

remarkable underestimation. With prices reaching 200-

400 USD per kg, Kopi Luwak is known as the most rare 

and expensive coffee [7]. On the other hand, the 

potential threat to both the welfare and conservation of 

wildlife posed by civet farms came to the attention of the 

media following an undercover investigation carried out 

by the BBC in Indonesia in September 2013 [7]. The World 

Society for the Protection of Animals examined the 

footage and found that civets are usually kept in 

inappropriate conditions and estimated that thousands 

of wild civets are poached each year to maintain these 

breeding farms. In contrast, traditional production 

methods of Kopi Luwak coffee do not pose a threat to the 

welfare and conservation of civets as these methods do 

not involve the removal of civets from their natural 

environments (See, the report by D'Cruze et al. [7]). 

Several reports have explained how Kopi Luwak 

differs from regular coffee, which has not been digested 

and fermented in the Asian palm civet. Kopi Luwak is 

generally darker in color, appearing a darker red than 

regular coffee beans. The beans are also affected by 

digestive enzymes as they pass through the digestive 

tract of the Asian palm civet, causing the breakdown of 

the proteins in the beans [8]. Hence, the protein amount 

in Kopi Luwak is lower than in regular coffee beans [9]. 

The contents of alkaloids, such as caffeine, trigonelline 

and xanthine, and the pH are lower, while the lipid 

content is higher than those of regular coffee [9]. The 

chlorogenic acid content of Kopi Luwak is lower than 

regular coffee, presumably because it is metabolized by 

the bacterial flora in the colon of the Asian palm civet 

[10]. On the other hand, no difference in the contents of 

amines, such as theanine has been reported [10]. 

Metabolite profiling of Kopi Luwak and regular coffee 

using gas chromatography equipped with mass 
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spectrometer (GC/MS) analysis has also shown that some 

metabolic parameters, such as citric acid and 

inositol/pyroglutamic acid ratio are different [11]. 

Watanabe et al. (2020) also compared the fecal 

microbiome of Asian palm civet with the other 14 animal 

species, finding that the Gluconobacter species were 

specifically present in Asian palm civet, thus indicating 

that it may contribute to the fermentation of coffee 

beans in its gastrointestinal tract [12]. These changes 

make the components, taste and flavors of Kopi Luwak 

very distinctive. 

Other important components that can affect taste 

are minerals, such as calcium, copper, iron, magnesium 

and zinc, with one example, magnesium in drinking 

water, being perceived as a positive taste [13]. 

Interestingly, it has been reported that when vegetables 

are fermented, the concentrations of minerals, such as 

iron, magnesium, potassium and zinc decrease during the 

fermentation process [14]. This report suggests that Kopi 

Luwak, which is produced through digestion and 

fermentation in the digestive tract, has a different 

mineral composition compared with the regular coffee, 

which may affect its taste and flavor. However, no studies 

have comprehensively compared the mineral 

concentrations of Kopi Luwak with those of regular 

coffee. In addition, there are few reports 

comprehensively discussing differences in the functional 

properties of commercially available Kopi Luwak and 

regular coffees, particularly under the viewpoints of 

antioxidant activity and polyphenol content.  

Therefore, in this study, we firstly compared the 

amounts of 23 mineral components in 17 Kopi Luwak 

coffees and 21 regular coffees, which were purchased 

from local markets in Indonesia or Kopi Luwak production 

company in Malang Regency and Batu municipality, East 

Java, Indonesia using the Inductively Coupled Plasma 

Mass Spectrometry (ICP-MS) system. In addition, 
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differences in antioxidant activity and polyphenol 

content were compared as functional effects between 

Kopi Luwak and regular coffees. 

METHODS 

Materials: Twenty-one regular type of coffee beans and 

17 of Kopi Luwak beans were purchased from local 

markets in Indonesia or Kopi Luwak production company 

in Malang Regency and Batu municipality, East Java, 

Indonesia independently. All coffee beans obtained in 

this study were roasted, and the effects of differences in 

the roasting process were not dealt with in this study. 

Information about the samples is summarized in Table 1. 

Standard solutions containing 23 minerals (Al, As, Ba, Bi, 

Ca, Cd, Co, Cr, Cs, Cu, Fe, Li, Mg, Mn, Mo, Ni, Pb, Rb, Se, 

Sn, Sr, V and Zn), phenol reagent and 1,1-Diphenyl-2-

picrylhydrazyl (DPPH) were obtained from Fuji Film Wako 

Pure Chemical Co. (Osaka, Japan). Nitric acid (HNO3) for 

metal analysis was from Kanto Chemical Co., Inc. (Tokyo, 

Japan). The other reagents used were the highest grade 

available. 

Microwave digestion: One of the digestion methods 

used in mineral analysis is the heating treatment using 

microwaves. In which methods, highly productivity is 

obtained in a sealed container with acid reagents. Nitric 

acid (HNO3), which is a highly oxidizing reagent, is used 

for acid decomposition of all organic compounds 

composed of hydrocarbon groups, and widely used as the 

methods for mineral analysis [15]. This chemical reaction 

follows formula (1). 

(CH2)x + 2HNO3 → xCO2 + 2NO + 2H2O (1)  

In this study, we employed microwave digestion 

using HNO3 as described in a previous report with some 

modifications [15]. In brief, the individual sample was 

powdered using a Grindomix GM200 knife mill (Retsch 

GmbH, Haan, Germany) then oven-dried at 90°C for 24 h. 
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Two mL of 61% HNO3 were added on the dried powders 

(0.100 g) in PTFE sample container (Model PT-70, Sanai-

Kagaku Co., Aichi, Japan), and then digested in a 

microwave oven with 200 W at 30 min. After cooling, the 

digested samples were filtered with the filter paper (5C, 
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Advantec Inc., Tokyo, Japan). The filtrates were diluted 

ca. 250 times with ultra-pure water, and then weighed to 

determine the dilution factor. The microwave digestion 

process was repeated independently three times on 

individual samples listed in Table 1.

Table 1. Regular coffee and Kopi Luwak samples used in this study. 

Regular coffees (RC) Kopi Luwak coffees (KL) 

No. Memo No. Memo 

RC-1 Bali Kintamani 
Arabica Coffee 

KL-1 Dian Kopi Luwak 

RC-2 Piltik coffee Arabika KL-2 Semekar Luwak 
Coffee 

RC-3 Excelso Sumatra 
Madheling 

KL-3 Excelso Kopi Luwak 
Tana Toraja 

RC-4 Kopi Manglayang 
Bumi Sinamukti 

KL-4 Otten Luwak 
Premium 

RC-5 Papua Arabika KL-5 Caffine Dope Arabika 
Luwak 

RC-6 Often Sindora KL-6 Kopi Keranjang 
Luwak 

RC-7 Bali Robusta KL-7 Worcas Bali King 

RC-8 Java Singa Coffee 
Robusta 

KL-8 Worcas Sumatra King 
Group 

RC-9 Java Singa Arabika KL-9 Arutala Luwak Liara 
Gaya 

RC-10 Often Sidikalang KL-10 Awi Coffee Kopi 
Luwak 

RC-11 Java Dampit Coffee KL-11 Luce Coffee Luwak 
Ijen 

RC-12 Often Coffee kerinci KL-12 Kompeni Kopi Luwak 
Robusta 

RC-13 Excelso Robusta Gold KL-13 Loewak d'coffee 
Roasted 

RC-14 Often Robusta Flores KL-14 Luwak Gunung Kawi 
Roasted Robusta 

RC-15 Excelso Classic KL-15 Wild Luwak Roasted 

RC-16 Aceh Gayo Arabica KL-16 Dian Coffee Yellow 
Roasted 

RC-17 Often Coffee Garut KL-17 Luwak Gunung Kawi 
Arabika 

RC-18 often Coffee Gayo 

RC-19 often Robusta 
Lampung 

RC-20 Often Latimojong 

RC-21 Excelso Kalosi Toraja 
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(Agilent Technologies Inc., Santa Clara, CA, USA) using the 

parameters on Table 2 according to our previous study 

with some modifications [15]. When the concentration of 

the analyzed minerals was under the detection limit, the 

value of the methodological detection limit was used for 

convenience as shown in Table 3. 
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Individual regular coffee bean (RC) and Kopi Luwak bean 

(KL) were purchased from local markets in Indonesia or 

Kopi Luwak production company in Malang Regency and 

Batu municipality, East Java, Indonesia independently.  

ICP-MS analysis: The amounts of the 23 minerals listed 

above were analyzed using Agilent 7850 ICP-MS system 

Table 2. Operational parameters of ICP-MS system (Agilent 7850) 

Parameters Setting 

RF power 1600 watt 

Nebulizer flow rate (carrier gas) 0.68 liter/minute 

Plasma gas flow 15 liter/minute 

Sweeps 100 

Reading 1 

Number of replicates 3 

Scanning mode Peak hopping 

Sampling cone orifice (Ni) 1.1 millimeter 

Skimmer cone orifice (Ni) 0.4 millimeter 

Isotopes of selection 7Li, 24Mg, 27Al, 43Ca, 51V, 52Cr, 55Mn, 56Fe, 59Co, 60Ni, 63Cu, 66Zn, 75As, 78Se, 85Rb, 88Sr, 95Mo, 
111Cd, 118Sn, 133Cs, 137Ba, 208Pb, and 209Bi 

Table 3. The method detection limit (MDL) in this study using ICP-MS (Agilent 7850) 

Mineral name Li Mg Al Ca V Cr M
n 

Fe Co Ni Cu Zn 

MDL (ng/g dry weight) 0.3 3.0 3.0 13 0.1 0.2 0.3 5.0 0.1 0.1 1.0 6.0 

Mineral name As Se Rb Sr Mo Cd Sn Cs Ba Pb Bi 

MDL (ng/g dry weight) 0.8 0.7 0.1 0.2 0.2 0.1 0.3 0.1 0.2 0.3 0.2 

Extraction: Fifty milligrams of coffee fine powders were 

extracted using 2 mL of 90% methanol solution 

containing 0.5% phosphoric acid according to our 

previous method [16]. After standing in an ultrasonic 

bath for 1 min, the reaction mixture was centrifugated at 

2,000 g for 10 min. The supernatant was dried with a CC-

105 centrifugal concentrator (TOMY Seiko Co., Tokyo, 

Japan). The residue was dissolved in 0.5 mL of dimethyl 

sulfoxide, and then moved to the following analysis. 

DPPH radical scavenging assay: The extracts described 

above, and its dilutions were added to 250 nmol DPPH 

reaction mixture composed with 50% ethanol in 50 mM 

acetate buffer (pH 5.5), and the signal was monitored at 

517 nm using microplate reader (Multiskan GO basic, 

Thermo Fisher Scientific K.K., Tokyo, Japan) [17]. The half 

maximal inhibitory concentration (IC50) value was then 

calculated as the concentration of coffee sample solution 

required for scavenging half of DPPH radicals (125 nmol) 

within 30 min. 

Folin-Ciocalteu Assay: Total polyphenol amounts existed 

in the Kopi Luwak and regular coffees were evaluated 

using the Folin-Ciocalteuu method with some 
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modifications [18]. Eighty microliters of catechin as the 

standard compound or the extracts were mixed with 

phenol reagent (100 μL), and then 80 μL of 10% Na2CO3 

solution was added. After incubation at room 

temperature for 1 h under dark conditions, absorbance 

at 760 nm was recorded. 

Statistical analysis: The data are indicated as mean value 

± standard deviation (S.D.). The statistical significance 

was determined using the unpaired Student’s t-test (JMP 

Pro version 16.0, SAS Institute Japan Inc., Tokyo, Japan). 

Correlation analysis was performed with Excel Tokei 

(Tokyo, Japan). The alpha value for making comparisons 

was set at 0.05.  

RESULTS 

Comparison of mineral concentrations of Kopi Luwak 

and regular coffees: The present study used the ICP-MS 

system to analyze and compare the concentrations of 23 

minerals in Kopi Luwak and regular coffees. Of these, the 

concentrations of 7 minerals (Ca, Cr, Cu, Fe, Mg, Mn and 

Zn) are shown in Figure 2. The results for the other 7 

minerals (Al, Ba, Co, Cs, Rb, Sr and V) are shown in Figure 

3. The following minerals were below the methodological

detection limits: As, Bi, Cd, Li, Mo, Ni, Pb, Se and Sn. The 

concentrations of two of the minerals measured in this 

study, Mn and Ba were significantly lower in Kopi Luwak 

than in regular coffee (p < 0.05) (Figures 2 and 3). The 

concentrations of Zn, Cr, Co and V were also remarkably 

lower in Kopi Luwak than in regular coffee, but the 

differences were not significant (p ≥ 0.05). Otherwise, Cu 

and Rb in Kopi Luwak were significantly higher than those 

in regular coffee (p < 0.05) (Figures 2 and 3). 

Figure 2. Comparison of 8 essential mineral concentrations between Kopi Luwak (KL) and regular coffee. Data

is expressed as mean ± S.D. (regular coffee, n = 21; Kopi Luwak, n = 17). *Significantly different vs regular coffee (p < 0.05). 
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Figure 3.  Comparison of 7 mineral concentrations between Kopi Luwak (KL) and regular coffee. Data is expressed as mean ± S.D. (regular 

coffee, n = 21; Kopi Luwak, n = 17). *Significantly different vs regular coffee group (p < 0.05).

Antioxidant activity and total polyphenols: The 

antioxidant activity of Kopi Luwak and regular coffee 

were indicated as the IC50 value, which was the amount 

required to scavenge 50% of DPPH radicals (Figure 4A). 

The IC50 value of Kopi Luwak (61.4±2.8 mg/dL) was 

significantly lower than that of regular coffee (93.6±1.9 

mg/dL). Total polyphenol amount for Kopi Luwak 

(43.8±1.2 mg catechin equivalent/g dry weight) was 

significantly higher than that of regular coffee (37.1±0.6 

mg catechin equivalent/g dry weight) as shown in Figure 

4B. Correlation factor was calculated using 

individual data obtained from DPPH radical scavenging 

activity and total polyphenol amounts in both Kopi 

Luwak and regular coffee samples (Figure 4C), and 

found the negative correlation on both factors (r = 

-0.5910; p = 9.34E-05).

Figure 4. Antioxidant activity and total polyphenol amounts Kopi Luwak (KL) and regular coffee. (A) antioxidant activity as the

amount required to scavenge 50 % of DPPH radicals (125 nmol) during 30-min (IC50 value). (B) total polyphenol amounts as catechin equivalent. (C) 

Correlation between DPPH radical scavenging activity and total polyphenols of Kopi Luwak (●) and regular coffee (○).  Data is expressed as mean ± SD 

(regular coffee, n = 21; Kopi Luwak, n = 17). *Significantly different vs regular coffee group (p < 0.05). 
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DISCUSSION 

The use of ICP-MS, which can simultaneously measure 

the concentrations of multiple minerals, has enabled 

comparisons across various food products [19]. 

Therefore, the present study used the ICP-MS system to 

analyze and compare the concentrations of 23 minerals 

in Kopi Luwak and regular coffees. In Japan, 13 minerals 

(Ca, Cr, Cu, Fe, I, K, Mg, Mn, Mo, Na, P, Se and Zn) are 

covered by the Dietary Reference Intakes for Japanese 

established by the Ministry of Health, Labor and Welfare 

[20]. Of these, the amounts of 7 minerals (Ca, Cr, Cu, Fe, 

Mg, Mn and Zn) and the other 7 minerals (Al, Ba, Co, Cs, 

Rb, Sr and V) in regular coffee summarized in Figures 2 

and 3 were comparable with previous reports analyzed 

using ICP-MS [21], thus confirming the validity of the 

results obtained in this study.  

The concentrations of two of the minerals 

measured in this study, Ba and Mn were significantly 

lower in Kopi Luwak than in regular coffee (p < 0.05) 

(Figures 2 and 3). The concentrations of Co, Cr, V and Zn 

were lower in Kopi Luwak than in regular coffee, but the 

differences were not significant (p ≥ 0.05). Kopi Luwak is 

produced by a fermentation process involving 

microorganisms in the intestine of the Asian palm civet. 

In general, microorganisms found in the mammalian 

digestion system, including the Asian palm civet, are 

those derived from different types of lactic acid bacteria, 

mainly Lactobacillus and Bifidobacterium [22]. A 

literature review revealed no reports that had tracked 

changes in mineral composition before and after 

fermentation in the gastrointestinal tracts of mammals, 

such as the Asian palm civet. On the other hand, several 

reports have tracked the changes in minerals when 

vegetables were fermented in vitro with lactic acid 

bacteria, including the orders, Lactobacillales, Bacillales, 

and Bifidobacteriales. Kiczorowski et al. reported that 

plant-derived foods, such as carrots, broccoli, and bell 

peppers that have undergone lactic acid fermentation 

contain less Co, K, Mg, Zn, and other minerals than those 

that have not been fermented [14]. They suggested that 

such a phenomenon might be the result of metal binding 

to the cell walls on the fermentation of fungi and 

bacteria. Thus, the reduction in the concentrations of 

these minerals in Kopi Luwak observed in the present 

study might have been caused during fermentation by 

the intestinal microflora in the Asian palm civet's 

digestive tract.  

The concentrations of Cu and Rb in Kopi Luwak 

were significantly higher than those in regular coffee (p < 

0.05) (Figures 2 and 3). It is speculated that the increase 

in these two minerals may be related to their eating 

habits, in which is predominantly frugivorous (fruits and 

plants comprising 97% of the diet). Additionally, their 

diets have also high intra-annual and inter-annual 

variations [23]. Future comparisons of the mineral 

composition of coffee beans before and after 

consumption by the civet, will need to take account of 

information on their diets to provide more definitive 

results. Cu is an essential mineral for humans, because of 

its involvement in numerous biological processes 

including iron metabolism, neuropeptide synthesis and 

antioxidant defense [24]. Additionally, it has been 

reported that marginal copper deficits may contribute to 

the development and progression of several disease 

states, including cardiovascular disease and diabetes 

[25]. According to the report by Pennington and Young 

[26], daily Cu intakes are low (<80%) compared with the 

intakes recommended by the National Academy of 

Sciences. Therefore, our results imply that Kopi Luwak 

can be an important source of Cu. Although Rb can cause 

health problems when ingested in large amounts, there 

is no health concern with Rb in Kopi Luwak because its 

levels are low [27]. 

Differences in mineral concentration can affect 

the taste and palatability of food. For example, the same 

dashi broth prepared using soft water (ca. 30 mg/L as 

hardness) was preferred to that prepared using very hard 

water (ca. 1,500 mg/L as hardness) [28]. In the present 
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study, there were no significant differences between 

Kopi Luwak and regular coffee in the concentrations of 

minerals, such as Ca and Mg (p ≥ 0.05), which are known 

to affect taste [13], as shown in Figure 2. However, Kopi 

Luwak was characterized by lower concentrations of Cr 

and Mn, and higher concentrations of Cu and Rb 

compared with regular coffee (Figures 2 and 3). 

Currently, no information is available on the effects of 

these four minerals on taste and palatability. However, it 

is unlikely that such small differences observed in Kopi 

Luwak affect taste or palatability. 

In this study, we further evaluated the antioxidant 

activity and total polyphenol amount of Kopi Luwak and 

regular coffee. Both samples gave IC50 values, indicating 

clearly that they exert dose-dependently antioxidant 

activity (Figure 4A). This is consistent with the results 

reported for roasted regular coffee [29]. And the IC50 

value of Kopi Luwak was significantly lower, indicating 

that the antioxidant activity of Kopi Luwak is higher than 

that of regular coffee. The total polyphenol amount in the 

regular coffee was about 40 mg/g (Figure 4B), a level 

comparable to that in previous reported amount [30]. 

The clear negative correlation between antioxidant 

activity (IC50 value) and total polyphenol amount was 

obtained (Figure 4C). In general, polyphenols are well 

known to possess strong antioxidant activity [31]. 

Therefore, the increased polyphenol content may be 

partly responsible for the higher antioxidant activity in 

Kopi Luwak than in regular coffee. The result, in which 

total polyphenol amount in the Kopi Luwak was 

significantly higher, indicated that polyphenols in coffee 

cherry may have increased during the digestion process 

in the small intestine of Asian palm civetIt is known that 

polyphenols are affected by the structural changes that 

occur during gastrointestinal digestion. For example, 

Correa et al. reported that the total amount of phenolics 

in rosemary and green tea extracts decreased after 

gastrointestinal digestion, whereas the polyphenols in 

Yerba Mate extracts were unaffected by digestion when 

using human microbiota [32]. It should be noted here, 

however, that these effects obtained using human gut 

microbiota are not observed in systems with pig or rat gut 

microbiota [32]. In other words, the effects of the 

intestinal microflora differ according to the animal 

species. Yang et al. reported that non-extractable bound 

polyphenols derived from Fu brick tea are released 

through the action of colonic microflora, as 

demonstrated in a mouse model of dextran sulfate 

sodium-induced ulcerative colitis [33]. The results of this 

previous study suggest that during passage through the 

wild Asian palm civet, the non-extractable bound 

polyphenols in coffee cherry may be more easily released 

by the action of their gut microbiota. As described above, 

microorganisms found in the mammalian digestion 

system, including the Asian palm civet, are those derived 

from different types of lactic acid bacteria, mainly 

Lactobacillus and Bifidobacterium [22]. Although not 

fermented by the gut microbiota, in vitro studies have 

shown a 2.5-fold increase in 2-hydroxy-3-(4-

hydroxyphenyl) propanoic acid content in mulberry juice, 

and an increase in polyphenols in rosemary and thyme 

extracts has been increased during the fermentation 

process by Lactobacillus plantarum [34-35]. Therefore, 

although there are no reports on the effects of 

polyphenols on the gut microbiota of wild Asian palm 

civet, it is possible that the polyphenols in coffee beans 

are increased during their passage through their 

gastrointestinal tract. 

CONCLUSIONS 

In this study, we compared Kopi Luwak, a rare and 

expensive coffee produced through digestion and 

fermentation in the digestive tract of the wild Asian palm 

civet, with regular coffee. Using ICP-MS to analyze 23 

minerals, we found for the first time that Kopi Luwak 

contained lower concentrations of Ba, Cr, Mn, and Zn, but 

higher levels of Cu and Rb compared to regular coffee. . 

Additionally, we also found that the antioxidant activity 
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of Kopi Luwak was higher than regular coffee. The main 

reason for this was suggested to be the increase in 

polyphenol content during passage through the digestive 

tract of the wild Asian palm civet. Thus, our findings imply 

that Kopi Luwak is an important candidate for functional 

foods. However, there is still no consensus on the 

definition of “functional foods,” and as a result, many 

institutions lack a comprehensive process for their 

classification [36-37]. It is recognized that "functional 

foods" are not a substitute for conventional medicines, 

but they can be used in conjunction with Western 

medicine to support the optimization of health in people 

with chronic diseases and to prioritize the management 

of symptoms related to those diseases [38]. 

List of Abbreviations: DPPH, 1,1-Diphenyl-2-

picrylhydrazyl; ICP-MS, Inductively Coupled Plasma Mass 

Spectrometry; KL, Kopi Luwak; RC, regular coffee 

Authors’ contributions: ADI, DY, IW, HS designed the 

study. ADI, DY, RG, YO carried out the laboratory work. 

ADI, DY, YO, SH analyzed the data. ADI, DY, HS wrote the 

manuscript. All authors read and approved the final 

version of the manuscript.  

Competing Interests: None of the authors have any 

financial interests or conflict of interests to report.  

Acknowledgments and Funding: This research was 

funded by the Japan Society for the Promotion of Science 

KAKENHI, Grant Numbers 21H03361 and JST SPRING, 

Grant Number JPMJSP2105. We thank Philip Creed, PhD, 

from Edanz (https://jp.edanz.com/ac) for editing a draft 

of this manuscript. 

REFERENCES 
1. Grand View Research Inc. Ready to drink tea and coffee

market size, share & trends analysis report by product (RTD

Tea, RTD Coffee), packaging (Canned, Glass Bottle), by 

price, by distribution channel, by region, and segment

forecasts, 2023 - 2030. Report ID: GVR-1-68038-68192-

68034. URL:https://www.grandviewresearch.com/industry-

analysis/ready-to-drink-tea-and-ready-to-drink-coffee-

market/methodology (Retrieved on October 29, 2024)  

2. Dludla PV, Cirilli I, Marcheggiani F, Silvestri S, Orlando P, 

Muvhulawa N, Moetlediwa MT, Nkambule BB, Mazibuko-

Mbeje SE, Hlengwa N, Hanser S, Ndwandwe D, Marnewick

JL, Basson AK, Tiano L. Potential benefits of coffee

consumption on improving biomarkers of oxidative stress

and inflammation in healthy individuals and those at

increased risk of cardiovascular sisease. Molecules 2023;

28(18):6440.

DOI: https://doi.org/10.3390/molecules28186440

3. Dybkowska E, Sadowska A, Rakowska R, Debowska M,

Swiderski F, Swiader K. Assessing polyphenols content and 

antioxidant activity in coffee beans according to origin and

the degree of roasting. Roczniki Państwowego Zakładu

Higieny 2017; 68(4): 347-353.

4. Macheiner L, Schmidt A, Schreiner M, Mayer HK. Green

coffee infusion as a source of caffeine and chlorogenic acid.

Journal of Food Composition and Analysis 2019; 84: 103307.

DOI: https://doi.org/10.1016/j.jfca.2019.103307

5. van Mullem JJ, de Sousa Bueno Filho JS, Dias DR, Schwan RF.

Chemical and sensory characterization of coffee from Coffea 

arabica cv. Mundo Novo and cv. Catuai Vermelho obtained

by four different post-harvest processing methods. Journal

of the Science of Food and Agriculture 2022; 102(14): 6687–

6695. DOI: https://doi.org/10.1002/jsfa.12036

6. Lachenmeier DW, Schwarz S. Digested civet coffee beans

(Kopi Luwak)-An unfortunate trend in specialty coffee 

caused by mislabeling of coffea liberica? Foods 2021; 10(6):

1329. DOI: https://doi.org/10.3390/foods10061329

7. D'Cruze N, Toole J, Mansell K, Schmidt-Burbach J. What is the

true cost of the world's most expensive coffee? Oryx 2014;

48: 170–171.

DOI: https://doi.org/10.1017/S0030605313001531

8. Marcone MF. Composition and properties of Indonesian

palm civet coffee (Kopi Luwak) and Ethiopian civet coffee.

Food Research International 2004; 37(9): 901–912.

DOI: https://doi.org/10.1016/j.foodres.2004.05.008

9. Ifmalinda, Setiasih IS, Muhaemin M, Nurjanah S. Chemical

characteristics comparison of palm Civet coffee (Kopi Luwak)

and arabica coffee beans. Journal of Applied Agricultural 

Science and Technology 2019; 3(2): 280–288.

DOI: https://doi.org/10.32530/jaast.v3i2.110

10. Jeszka-Skowron M, Frankowski R, Zgola-Grzeskowiak A,

Platkiewicz J. Comprehensive analysis of metabolites in

brews prepared from naturally and technologically treated

coffee beans. Antioxidants (Basel) 2022; 12(1): 95.

DOI: https://doi.org/10.3390/antiox12010095

11. Jumhawan U, Putri SP, Yusianto, Marwani E, Bamba T, 

Fukusaki E. Selection of discriminant markers for

authentication of Asian palm civet coffee (Kopi Luwak): a

metabolomics approach. Journal of Agricultural and Food

Chemistry 2013; 61(33): 7994–8001.

DOI: https://doi.org/10.1021/jf401819s

12. Watanabe H, Ng CH, Limviphuvadh V, Suzuki S, Yamada T. 

Gluconobacter dominates the gut microbiome of the Asian 

palm civet Paradoxurus hermaphroditus that produces kopi

https://www.grandviewresearch.com/industry-analysis/ready-to-drink-tea-and-ready-to-drink-coffee-market/methodology
https://www.grandviewresearch.com/industry-analysis/ready-to-drink-tea-and-ready-to-drink-coffee-market/methodology
https://www.grandviewresearch.com/industry-analysis/ready-to-drink-tea-and-ready-to-drink-coffee-market/methodology
https://doi.org/10.3390/molecules28186440
https://doi.org/10.1016/j.jfca.2019.103307
https://doi.org/10.1002/jsfa.12036
https://doi.org/10.3390/foods10061329
https://doi.org/10.1017/S0030605313001531
https://doi.org/10.1016/j.foodres.2004.05.008
https://doi.org/10.32530/jaast.v3i2.110
https://doi.org/10.3390/antiox12010095
https://doi.org/10.1021/jf401819s


Functional Foods in Health and Disease 2024; 14(11): 801-813  FFHD   Page 812 of 813 

luwak. PeerJ 2020; 8: e9579.  

DOI: https://doi.org/10.7717/peerj.9579  

13. Honig V, Prochazka P, Obergruber M, Roubik H. Nutrient

effect on the taste of mineral waters: Evidence from europe.

Foods 2020; 9(12): 1875.

DOI: https://doi.org/10.3390/foods9121875

14. Kiczorowski P, Kiczorowska B, Samolinska W, Szmigielski M, 

Winiarska-Mieczan A. Effect of fermentation of chosen

vegetables on the nutrient, mineral, and biocomponent

profile in human and animal nutrition. Scientific Reports

2022; 12(1): 13422.

DOI: https://doi.org/10.1038/s41598-022-17782-z

15. Oya Y, Takada H, Mizukawa K, Ohji M, Watanabe I.

Distribution of trace element concentrations in invertebrate

species collected from Tokyo Bay, Japan. Environmental

Monitoring and Contaminants Research 2022; 2: 67–87.

DOI: https://doi.org/10.5985/emcr.20220007

16. Matsuura Y, Sakakibara H, Kawaguchi M, Murayama E,

Yokoyama D, Yukizaki C, Kunitake H, Sakono M. Effects of

blueberry leaf and stem extracts on hepatic lipid levels in 

rats consuming a high-sucrose diet. Functional Foods in

Health & Disease 2018; 8(9): 447–461.

DOI: https://doi.org/10.31989/ffhd.v8i9.538

17. Sakakibara H, Ashida H, Kanazawa K. A novel method using

8-hydroperoxy-2'-deoxyguanosine formation for evaluating

antioxidative potency. Free Radical Research 2002; 36(3): 

307–316.  

DOI: https://doi.org/10.1080/10715760290019336  

18. Agawa S, Sakakibara H, Iwata R, Shimoi K, Hergesheimer A, 
Kumazawa S. Anthocyanins in mesocarp/epicarp and 
endocarp of fresh açai (Euterpe oleracea Mart) and their 
antioxidant activity and bioavailability. Food Science and 
Technology Research 2011; 17(4): 327–334.

DOI: https://doi.org/10.3136/fstr.17.327

19. Ren C, Zhang Y, Ni Z, Tang F, Liu Y. Health risk assessment of 
heavy metal in Moso bamboo shoots from farm markets, 
China. Food Science and Technology Research 2017; 23(4): 
511–515. DOI: https://doi.org/10.3136/fstr.23.511

20. Ministry of Health, Labour and Welfare. Dietary Reference 
Intakes for Japanese (2015). 
URL:https://www.mhlw.go.jp/content/10900000/000862490.p 

df (Retrieved on October 29, 2024)

21. Anissa Z, Sofiane B, Adda A, Marlie-Landy J. Evaluation of 
trace metallic element levels in coffee by icp-ms: a 
comparative study among different origins, forms, and 
packaging types and consumer risk assessment. Biological 
Trace Element Research 2023; 201(11): 5455–5467.

DOI: https://doi.org/10.1007/s12011-023-03582-7 

22. Fitri, Tawali AB, Laga A. Luwak coffee in vitro fermentation: 

literature review. IOP Conference Series: Earth and 

Environmental Science 2019; 230: 012096.

DOI: https://doi.org/10.1088/1755-1315/230/1/012096

23. Mudappa D, Kumar A, Chellam R. Diet and fruit choice of the 
brown palm civet Paradoxurus Jerdoni, a viverrid endemic to 
the western ghats rainforest, India. Tropical Conservation 
Science 2010; 3(3): 282–300.

DOI: https://doi.org/10.1177/194008291000300304

24. Bost M, Houdart S, Oberli M, Kalonji E, Huneau JF, Margaritis 

I. Dietary copper and human health: Current evidence and

unresolved issues. Journal of Trace Elements in Medicine and 

Biology 2016; 35: 107–115.  

DOI: https://doi.org/10.1016/j.jtemb.2016.02.006  

25. Uriu-Adams JY, Keen CL. Copper, oxidative stress, and 
human health. Mol Aspects Med 2005; 26(4-5): 268–298. 
DOI: https://doi.org/10.1016/j.mam.2005.07.015

26. Pennington JA, Young BE. Total diet study nutritional 
elements, 1982-1989. Journal of the American Dietetic 

Association 1991; 91(2): 179–183.

27. Boila RJ, Golfman LS. Effects of molybdenum and sulfur on 
digestion by steers. Journal of Asian Architecture 1991; 
69(4):1626–1635.

DOI: https://doi.org/10.2527/1991.6941626x

28. Okushima S, Takahashi A. Mineral content and taste of soup 
stock prepared with mineral water of differing hardness. 
Journal of Home Economics of Japan 2009; 60(6): 957–967. 
DOI: https://doi.org/10.11428/jhej.60.957

29. Mengesha D, Retta N, Woldemariam HW, Getachew P. 
Changes in biochemical composition of Ethiopian Coffee 

arabica with growing region and traditional roasting. 
Frontiers in Nutrition 2024; 11: 1390515.

DOI: https://doi.org/10.3389/fnut.2024.1390515

30. Mestanza M, Mori-Culqui PL, Chavez SG. Changes of 
polyphenols and antioxidants of arabica coffee varieties 
during roasting. Frontiers in Nutrition 2023; 10: 1078701. 
DOI: https://doi.org/10.3389/fnut.2023.1078701

31. Parmar I, Neir SV, Rupasinghe HPV. Polyphenol 
characterization, anti-oxidant, anti-proliferation and anti-

tyrosinase activity of cranberry pomace. Functional Foods in 

Health & Disease 2016; 6(11): 754–768.

DOI: https://doi.org/10.31989/ffhd.v6i11.292

32. Correa VG, Garcia-Manieri JAA, Dias MI, Pereira C, Mandim 
F, Barros L, Ferreira I, Peralta RM, Bracht A. Gastrointestinal 
digestion of yerba mate, rosemary and green tea extracts 
and their subsequent colonic fermentation by human, pig or 

rat inocula. Food Research International 2024; 194: 114918. 
DOI: https://doi.org/10.1016/j.foodres.2024.114918

33. Yang C, Yang W, Wang Y, Du Y, Zhao T, Shao H, Ren D, Yang

X. Nonextractable polyphenols from Fu Brick tea alleviates

ulcerative colitis by controlling colon microbiota-targeted 

release to inhibit intestinal inflammation in mice. Journal of 

Agricultural and Food Chemistry 2024; 72(13): 7397–7410.  

DOI: https://doi.org/10.1021/acs.jafc.3c06883  

34. Ozturk T, Avila-Galvez MA, Mercier S, Vallejo F, Bred A,

Fraisse D, Morand C, Pelvan E, Monfoulet LE, Gonzalez-

Sarrias A. Impact of lactic acid bacteria fermentation on

(poly)phenolic profile and in vitro antioxidant and anti-

inflammatory properties of herbal infusions. Antioxidants

(Basel) 2024; 13(5): 562.

DOI: https://doi.org/10.3390/antiox13050562

35. Li M, Xu X, Jia Y, Yuan Y, Na G, Zhu L, Xiao X, Zhang Y, Ye H.

Transformation of mulberry polyphenols by Lactobacillus

plantarum SC-5: Increasing phenolic acids and enhancement

of anti-aging effect. Food Research International 2024; 192:

114778.

DOI: https://doi.org/10.1016/j.foodres.2024.114778

36. Martirosyan D, Ekblad M: Functional foods classification

https://doi.org/10.7717/peerj.9579
https://doi.org/10.3390/foods9121875
https://doi.org/10.1038/s41598-022-17782-z
https://doi.org/10.5985/emcr.20220007
https://doi.org/10.31989/ffhd.v8i9.538
https://doi.org/10.1080/10715760290019336
https://doi.org/10.3136/fstr.17.327
https://doi.org/10.3136/fstr.23.511
https://www.mhlw.go.jp/content/10900000/000862490.pdf
https://www.mhlw.go.jp/content/10900000/000862490.pdf
https://doi.org/10.1007/s12011-023-03582-7
https://doi.org/10.1088/1755-1315/230/1/012096
https://doi.org/10.1177/194008291000300304
https://doi.org/10.1016/j.jtemb.2016.02.006
https://doi.org/10.1016/j.mam.2005.07.015
https://doi.org/10.2527/1991.6941626x
https://doi.org/10.11428/jhej.60.957
https://doi.org/10.3389/fnut.2024.1390515
https://doi.org/10.3389/fnut.2023.1078701
https://doi.org/10.31989/ffhd.v6i11.292
https://doi.org/10.1016/j.foodres.2024.114918
https://doi.org/10.1021/acs.jafc.3c06883
https://doi.org/10.3390/antiox13050562
https://doi.org/10.1016/j.foodres.2024.114778


Functional Foods in Health and Disease 2024; 14(11): 801-813  FFHD   Page 813 of 813 

system: exemplifying through analysis of bioactive 

compounds. Functional Food Science 2022; 2(4): 94–123. 

DOI: https://doi.org/10.31989/ffs.v2i4.919  

37. Martirosyan D, Lampert T, Ekblad M: Classification and

regulation of functional food proposed by the Functional

Food Center. Functional Food Science 2022, 2(2): 25–46.

DOI: https://www.doi.org/10.31989/ffs.v2i2.890

38. Martirosyan D, Kanya H, Nadalet C: Can functional foods

reduce the risk of disease? Advancement of functional food

definition and steps to create functional food products.

Functional Foods in Health and Disease 2021, 11(5): 213–

221. DOI: https://www.doi.org/10.31989/ffhd.v11i5.788

https://doi.org/10.31989/ffs.v2i4.919
https://www.doi.org/10.31989/ffs.v2i2.890
https://www.doi.org/10.31989/ffhd.v11i5.788

