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Abstract 

Coffee is a widely enjoyed beverage across the world and accounts for the 

highest amounts of caffeine & chlorogenic acids consumed. The potential health effects 

of coffee are well known and are largely attributed to these two compounds. Caffeine is 

a psychoactive stimulant, with positive and adverse effects on human health, especially 

in sensitive individuals. While chlorogenic acids are linked to antioxidant, anti

inflammatory, therapeutic and cardiovascular effects. Different coffee preparations have 

a potential effect on extraction kinetics of these compounds in the final beverage. This 

research evaluated the impact of coffee preparation methods on pH values, caffeine and 

chlorogenic acid content, and the impact of these compounds on human health. Twelve 

different brewing methods of Coffee arabica from two sources were analyzed using 

high-performance liquid chromatography. The measured caffeine content ranged from 

31.4 mg to 75.3 mg per 100 ml, falling below established safety guidelines for pregnant 

women. Chlorogenic acid content ranged from 118 mg to 274 mg per 100 ml. The 

Moka pot showed significantly higher extraction of both compounds. Based on these 

findings, it can be concluded that the choice of homebrewing method does not have a 

significant effect on extraction of these compounds. Further research is necessary to 

explore other factors that may affect caffeine and chlorogenic acid extraction into the 

final beverage. 

Key words: Coffea spp.; Coffea arabica] coffee; caffeine; chlorogenic acid; HPLC-

D A D ; human health; brewing methods 
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1. Introduction and Literature Review 

1.1. Economically important species 

There are 124 species in the Coffea genus, with their origin distributed 

throughout Africa, on some Indian Ocean Islands and in the Australasian block. Natural 

habitats include seasonally flooded riverbanks and several types of tropical forests: dry, 

semideciduous and riverine. Coffee can grow in a variety of soil types and can naturally 

grow in elevations up to 2000 M A S L . Arabica {Coffea arabica) is the most 

economically important species and accounts for 60 % of all coffee traded. Arabica has 

been harvested for millennia and farmed for several centuries, mainly due to its seed 

quality. While there are many varieties, the most important are Typica and Bourbon, 

and their descendants, such as Blue Mountain, which is resistant to coffee berry disease. 

Arabica is primarily grown in Central and South America. The second most important 

species, Robusta {Coffea canephora), was recognized by science only in 1897. In just 

150 years, it has gone from being an unknown and underutilized African crop to a 

significant commodity due to its resistance to coffee leaf rust, better productivity, and 

higher caffeine content. Currently, it accounts for 40 % of coffee traded internationally 

and is mostly used in instant coffee. Although due to the less favourable organoleptic 

properties of robusta, arabica still has a higher market share (Davis et al. 2019). The 

third most widely grown species is Liberica coffee {Coffea liberica), used mainly as a 

rootstock for Arabica and Robusta. Its insignificance in terms of economic importance 

is due to its poor cup qualities (Ukers 1935; Davis et al. 2019; "International Coffee 

Organization - Trade Statistics Tables" 2020). 
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1.2. Botanical classification and description 

Although hundreds of species of Coffea have been identified, the taxonomic 

classification of the genus is unclear and everchanging (Charrier & Berthaud 1985; 

Davis et al. 2006; Davis & Rakotonasolo 2021). Coffea arabica and C. canephora 

(known as Robusta) are the two most well-known species of coffee. The coffee tree is a 

plant from the Rubiaceae family; it produces a fruit called cherry, which develops a 

seed called bean. This bean is utilized to create coffee products for consumption. As a 

short-day plant, coffee starts blooming in its relevant photoperiod of < 12 hours of 

daylight. 

A. de Jussieu was the first to describe the coffee tree in 1713 botanically; 

however, it was under the name Jasminum arabicanum (Charrier & Berthaud 1985). 

Carolus Linnaeus (1707-1778) was the first botanist to classify and name the species as 

Coffea arabica (Fischer et al. 2019). Figure 1 displays the first herbarium specimen. 

C arabica's natural habitats are the understory layers of tropical forests in 

Ethiopia. Nevertheless, it thrives in areas of equatorial Africa, Arabia, Central and 

South America, Mexico, the islands of the Pacific, India and Vietnam. (Ukers 1935). As 

he second most economically important species, Coffea canephora var. robusta 

originates from the tropical forests of central Africa (Wintgens 2004a). 

C arabica is the only known self-pollinating tetraploid species (2n = 4x = 44) of 

the genus Coffea. A l l other species are diploid and primarily self-incompatible (Charrier 

& Berthaud 1985). According to Bawin et al. (2021) C arabica is the result of the 

hybridization of diploid C canephora and C eugenioides; this event is dated to have 

occurred between 1.08 million and 543 thousand years ago. 
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Figure 1 - First herbarium specimen by Linnaeus (Natural History Museum London 2006) 

The coffee tree's aerial parts consist of an upright main shoot with primary, 

secondary, and tertiary lateral branches. Nodes on orthotropic (vertical) branches are 

regularly distributed and carry opposite leaves. There are four to six serial buds in the 

leaf axil. The extra-axillary bud, which develops into a plagiotropic (lateral) branch, is 

located directly above it. Only the extra-axillary bud can generate a lateral branch; 

therefore, no regeneration can occur. Lateral branches grow at right angles with the 

vertical stems. The serial buds on primary branches can develop into an inflorescence or 

a secondary branch resembling the primary branch. Secondary branches have the ability 

to regenerate, as they can grow out of any axillary bud. Each leaf node contains 
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five buds, each one with four flowers. This means a node is able to produce 20 fruits 

(Ukers 1935; FAO 2005; Winston et al. 2005). Depending on the species and 

environment, a one-year-old plant may have six to ten levels of plagiotropic branches. 

After two years, it reaches a height of 1.5-2 m and begins to bloom. After three years, it 

reaches maturity and begins to produce fruit (Wintgens 2004a). 

The mature leaves have a dark green upper surface and a lighter appearance 

underneath. They are noticeably shiny and feel waxy. They have a prominent elliptical 

shape with netted veins. C. arabica leaves are thinner and more delicate, compared with 

leaves of C. canephora or C. liberica species. Young leaves of Coffea arabica have a 

light green or bronze colour (Ukers 1935; Wintgens 2004a). 

The three main components of the root system are a central taproot (0.45-1 m in 

length), axial roots that extend beyond the length of the taproot and run in various 

directions, and lateral roots which run parallel to the soil's surface. In ideal conditions, 

the root system can reach a volume of 15 m 3. In heavy and humid soils, roots 

concentrate in the upper layers. In contrast, the roots in dry soil are less superficial and 

run deeper. Since 90 % of roots develop in the top layer, mulching is a good practice 

that provides needed humidity and nutrition. A tap root that is bent or deformed leads to 

a decrease in nutritional uptake and, therefore, a shorter lifespan. As C. arabica has a 

deeper root system than C. robusta, it is more drought-resistant (Thurber 1889; 

Wintgens 2004a; FAO 2005). 
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C o if t ä «rabisä I. 

Figure 2 - Coffea arabica (Author: Köhler HA, 1887) 
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Seed and germination 

The seed consists of a hard endosperm (bean), which is encased by two layers: 

the inner integument (silverskin) and outer endocarp (parchment). The embryo is 3-4 

mm long and comprises the embryo axis (hypocotyl) and two cotyledons (Figure 3). 

Although the shape and size of the coffee seed (bean) varies, generally, it is about 10 

mm long and 6 mm wide. Wintgens states that the average weight of parchment seed at 

a moisture content of 18 % ranges from 0.45-0.5 g for arabica coffee and 0.37-0.4 g for 

robusta coffee (Wintgens 2004). 

Figure 3 - Coffee fruit (berry) (Author: Wintgens 2004) 

Coffee seeds should be used for propagation right after ripening, as they are not 

dormant; the optimal moisture content of the seed should be over 50 % (Wintgens 

2004a). A sufficiently moist environment is vital for germination, and the ideal soil 

temperature should be 28-30°C. As lower temperatures slow down germination and 

with air temperatures below 10 °C, it may not begin at all. Removing the parchment 

speeds up the germination by 6-10 days. Plants in the genus Coffea germinate 

epigeously, meaning the growing hypocotyl raises the seed off the soil's surface (Figure 

4) (Wintgens 2004a). After four to six weeks, the first cotyledon leaves develop (FAO 

2005; Winston et al. 2005). At this stage, the plant only has a taproot and lateral roots 

(Figure 4). 

a 

b. epicarp (skin) 
c. mesoearp (pulp) 
d. endocarp (parchement) 
e. integument [silverskin) 

f. endosperm (bean) 
g. embryo 

a> disk 

Transverse and longitudinal sections of Coffee berry (fruit) 
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Inflorescence and pollination 

The inflorescence has a white appearance; it is formed by a five-lobed corolla, 

calyx, five stamens and a pistil. The ovary has two ovules each able to produce a seed. 

Its inflorescence typically consists of four floral buds, known as cyme, each can 

generate four flowers. Differences may appear based on variety and conditions. 

C. arabica generates 16-48 flowers per node, whereas C. robusta 30-100. During the 

dry season, the buds remain dormant for 2-3 months. The rehydration breaks the 

dormancy of the plant. Trees in equatorial climates bloom throughout the year, and the 

dormancy can be broken by irrigation. Coffee flowers open roughly 12-15 days after 

the break of dormancy; they do so early in the morning and remain receptive for some 

days. The pollen is very light, so most of the pollination is done by the wind. Although 

C. arabica is predominantly self-pollinating, fertilization C. canephora is only possible 

by cross-pollination (Wintgens 2004a). 
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1.3. Coffee Propagation 

Grafted plants start to produce fruit around 3 years after germination. After 30-

40 years of cultivation, the average yield declines, and the plantation needs to be 

renewed. However, this is often done continuously. 

Plant genotype, species, and varieties, as well as the environment and plant 

management practices, all impact yield and quality. A suitable location for the 

plantation and suitable stock should be considered before establishing or renewing it. 

Several criteria, including fruit quality, production costs, and productivity, should be 

taken into consideration when choosing a coffee variety. The type of clone chosen will 

determine productivity, but appropriate cultivation techniques and adaptation to local 

conditions are essential for the intended outcomes. The coffee variety determines its 

quality. However, harvesting and post-harvesting methods have a considerable impact. 

C. arabica is generally regarded as the species with the highest quality fruit. Production 

costs are directly linked to chosen cultivation systems - intensive, semi-intensive or 

extensive (Wintgens & Zamarripa 2004; FAO 2005). 

1.4. Coffee processing 

The quality and chemical composition of the final beverage is influenced not 

only by the coffee variety but also by the processing method. In which green coffee 

beans are isolated and subsequently roasted (Duarte et al. 2010; Bastian et al. 2021). 

1.4.1. Post-harvest processing 

After harvesting, three coffee processing methods are used: dry (natural), semi-

dry (pulped-natural) and wet method (washed) (Brando 2004; Bastian et al. 2021). 

Dry processing 

Most coffee varieties marketed as natural are processed by the dry method, in 

which the whole cherry (including exocarp, mesocarp and endosperm) is dried to the 

moisture content of 10-12 % without any prior treatment (Cwikova et al. 2022). The 

whole hull (dried pulp and parchment) is then removed mechanically (Brando 2004). 

This method is used by 60 % of farmers in Brazil and Ethiopia and is generally used for 
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robusta coffee (Poltronieri & Rossi 2016). During the dry process the metabolism of 

coffee beans continues, as germination is inhibited. In the dry process, accumulation of 

y-aminobutyric (GABA) acid occurs significantly more compared to the wet process 

(Bytof et al. 2005). G A B A is a stress metabolite that indicates drought stress. G A B A 

has a role in neurotransmission, neurodegenerative diseases, sleep and insomnia. It is 

associated with many health advantages, such as antidiabetic, hypotensive, anti-anxiety 

and antidepression properties (Shelp et al. 1999; Sahab et al. 2020). 

Semi-dry processing 

During semi-dry processing, the pulp (exocarp and part of the mesocarp) is 

removed mechanically. The leftover mucilage and parchment are dried with the beans, 

after which the dry parchment and adhering mucilage are hulled to obtain green coffee 

(Brando 2004; Cwikova et al. 2022). This method is sometimes known as the honey 

process as the sucrose content in the final product is higher than in the dry or wet 

method. However, the semi-dry process shows lower concentrations of chlorogenic acid 

(CGA) and trigonelline (Schwan et al. 2012). 

Wet processing 

In the wet process, the pulp is removed similarly to the semi-dry method, after 

which the coffee is left to ferment naturally, which degrades the mucilaginous residue. 

The beans are then washed and dried (Brando 2004; Cwikova et al. 2022). The de-

pulping is a crucial step in the germination process, as the pulp contains germination 

inhibiting abscisic acid. The germination process, occuring during wet processing, 

produces several amino acids that become flavour precursors (Valio 1980). The wet 

processing creates more flavourful coffee with a pleasant acidity, but having less body 

than the dry processing method (Kulapichitr et al. 2019). The increase of amino acids in 

comparison to dry-processed coffee ranges from 3.3-20.9 % (Selmar et al. 2005). 
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1.4.2. Roasting methods 

It is well known that the roasting process is an essential stage in coffee 

manufacturing, affecting the taste, colour, and aroma of the coffee. This process is 

divided into three main types: light-roast, medium-roast and dark-roast. Heat can be 

transmitted directly by conduction, by free or forced convection by streaming hot air, or 

by radiation (Bastian et al. 2021). 

Effect of roasting on caffeine 

Caffeine is moderately heat stable. However, due to sublimation, caffeine 

concentration in darker roasts is generally lower (Hecimovic et al. 2011). Bastian et al. 

reviewed current literature and found caffeine content loses of 40-60 % in dark roasts 

(Bastian et al. 2021). 

Effect of roasting on chlorogenic acid 

Chlorogenic acid content decreases continuously with roasting. Mild roasting 

temperature demonstrates a 30-55 % drop in chlorogenic acid compared to green 

coffee. Dark roast shows an average decrease of chlorogenic acid by 90 % (Bolka & 

Emire 2020). Roasting breaks down chlorogenic acid feruloyl quinic acid lactones, 

caffeoylquinic acid lactones, and p-coumarylquinic acid lactones, which are some of the 

important taste components in coffee, to get the most desired effect light-medium roast 

should be used (Bastian et al. 2021). 

Effect of Roasting on Acrylamide 

While roasting of coffee beans creates acrylamide, there are currently few 

alternatives to mitigating its accumulation. Roasting is subsequently connected with the 

development of the flavour and colour of the final product. Therefore, reducing coffee's 

acrylamide levels is practically impossible, as the roasting process cannot be altered 

(Soares et al. 2015). However, fluidized bed-roaster shows lower acrylamide 

accumulation and might be useful in decreasing the risk of acrylamide poisoning in 

humans (Bolka & Emire 2020). Interestingly, higher concentrations of acrylamide are 

present in lighter roasts, as acrylamide levels rapidly elevate in the initial stage and are 

subsequently degraded during roasting (Clifford et al. 2003; Soares et al. 2015). 
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1.4.3. Decaffeinated coffee 

The recent rise in the availability of decaffeinated coffee and general awareness 

of coffee's health benefits makes it a viable option for people with health disorders, 

caffeine intolerance or those searching for a healthier alternative. Currently, it accounts 

for about 10 % of total coffee consumption. Decaffeination is done before roasting. 

Historically, the most important and least costly method is extraction by an organic 

solvent (dichloromethane or ethyl acetate); vapour is used to open the seed's pores and 

wash them. After removing caffeine, the seeds are dried to a moisture content 

comparable to before extraction. There is a general health concern about remaining 

dichloromethane after this processing, simultaneously key flavour components can be 

lost using this method. Today, extraction using water and supercritical carbon dioxide is 

the only method used in Europe and the United States. Since it poses no health risks and 

it better preserves its original chemical composition, which maintains its flavour (Farah 

2012; Ludwigetal. 2014). 

Natural substitutes for artificially decaffeinated coffee include species that lack 

caffeine. There are more low- or no-caffeine species in the Coffea genus than high-

caffeine species. The most famous is Coffea charrieriana, which is native to Cameroon 

and was the first coffee on the market to be caffeine-free. Caffeine-free species may be 

used for biotechnology and hybridization of new coffee species (Preedy 2014a). 

With the general concern of adverse effects of caffeine, publications on caffeine-

free coffee emerged, the earliest dates being in 1898. Such coffee has become widely 

available due to industrialization (Bizzo et al. 2015). 
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1.5. Caffeine 

Caffeine is the primary active constituent of coffee and is also one of the most 

popular and widely used drugs and psychoactive substances in the world. It occurs 

naturally in over 60 plants (Harland 2000). Other plant sources are Cornelia sinensis 

(tea), Ilexparaguariensis (mate), Cola acuminata (kola) and Theobroma cacao (cacao). 

Caffeine has many biological effects, the most common of which are shown in Table 1. 

It has both positive and beneficial effects on health, while it can negatively impact well-

being. Consumption of caffeine creates an immediate and typically pleasant effect of 

alertness. However, excessive consumption may lead to unpleasant sensations of 

anxiety and over-excitement. Individuals are impacted differently by caffeine doses, 

which are attributed to genetic susceptibility and habituation to the effects of caffeine. 

Caffeine's mechanism is attributed to the upregulation of adenosine receptors (Depaula 

& Farah 2019a). For some individuals, even smaller doses of caffeine (50-60 mg) can 

be unpleasant and cause insomnia and a racing mind, while other individuals will not be 

affected by much higher doses. 

Caffeine's other uses stem from its ability to function as a herbicide 

(Frischknecht & Baumann 1985). Coffea varieties with higher caffeine content inhibit 

the production of ochratoxin A produced by Aspergillus genus, sections nigri and 

circumdati. This could have a significant impact on inhibiting the growth and 

production of mycotoxin by mycotoxigenic fungi, even outside the coffee industry 

(Akbar et al. 2016). Because of caffeine's lipolytic properties, it is used in cellulite 

creams, which was proven in clinical trials (Byun et al. 2015). 

The physiological activity of other compounds in coffee starts to be explored on 

the edge of the twenty-first century, primarily because of their antioxidant properties 

and the associated ability to prevent degenerative diseases. Previously, these known 

substances were believed to have no biological effects. The first studies on the 

bioavailability of chlorogenic and caffeic acids started in the 1950s (Bizzo et al. 2015). 
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Table 1 - Biological properties of Caffeine in humans (Crozier et al. 2011) 

Biological properties of caffeine 

CMS1 and sympathetic nervous system stimulant 
Alertness, heightened awareness 
Agitation, anxiety 
Tremor 
Sleep disturbances 
Addiction 
Lowered seizure threshold 

Diuretic 
Polyuria, nocturia 
Relative dehydration 

Cardiac stimulant 
Sinus tachycardia, (palpitations) 
Increased cardiac muscle contractility (treatment of heart failure) 
Arrhythmias: ventricular extrasystole ("missed beats", palpitations) 

Smooth muscle relaxant 
Gastro-oesophageal (reflux, heartburn) 
Bronchodilatation (asthma treatment, illegal sports performance, enhancement) 
Uterine muscle relaxation (possibly miscarriage) 

Vasodilator 
Headaches on caffeine withdrawal 
Synergism with nitrites 
Synergism with analgesics 
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1.5.1. Chemistry of caffeine 

Caffeine was discovered in 1819 by 

Friedrich Runge (1795-1867), an influential 

pioneer of chromatography. (Runge 1821; 

Bizzo et al. 2015). It is a purine-based 

heterocyclic organic compound called 1,3,7-

trimethylxanthine. Naturally, it is accompanied 

by theophylline (1,3-dimethylcanthine) and 

theobromine (3,7-dimethylxanthine), which 

are present in lower concentrations in coffee 

and tea and do not create notable physiological 

responses (Harland 2000). Caffeine is heat-

stable and water-soluble and is regarded to as a stimulating alkaloid (Farah 2012; 

Depaula & Farah 2019). 

Caffeine metabolism involves attachment to adenosine receptors located on cell 

membranes in the central and peripheral nervous system. It is referred to as a 

competitive antagonist of adenosine because of their structural similarity (Harland 

2000). As a result, levels of dopamine are elevated. A rise in the concentration of this 

neurotransmitter is causing caffeine's stimulating and addictive properties. 

Additionally, dopamine enhances the mood-raising effects of serotonin (Crozier et al. 

2011). 

1.5.2. Biosynthesis 

There are two hypotheses on the role of caffeine in plants. The theory of 

chemical defence suggests that high concentrations of caffeine in young leaves, flowers, 

and fruit of Coffea arabica and Cornelia sinensis protect them from pests and predators. 

The second theory, described as allelopathic or auto-toxic, suggests that caffeine in 

seeds is leached into the soil and inhibits the germination of other plants (Ashihara & 

Crozier 1999). 

Theo0H||||rie Paraxanlhine 

Figure 5 - Chemical structure of natural 

methylxanthines (Author: Burdan 2015) 
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Synthesis of caffeine occurs in young tissues and chloroplasts of young leaves 

containing caffeine synthase enzyme. Caffeine's primary pathway to biosynthesis is 

xanthosine —> 7-methylxanthosine —> 7-methyxanthine —> theobromine —> caffeine 

(Figure 6). Due to the substrate specificity of iV-methyltransferases alternative pathways 

also exist. Xanthosine is a purine nucleoside, which is a primary substrate, is produced 

by the degradation of purine nucleotides. Figure 7 shows the known pathways to its 

synthesis: de novo purine synthesis, the degradation of adenine (AMP) and guanine 

(GMP) nucleotide pools and salvage of adenosine from the S-adenosyl-L-methionine 

(SAM) cycle (Suzuki et al. 1992; Ashihara & Crozier 1999; Ashihara 2004; Ashihara et 

al. 2008). 

HOH 
H \ 

OH OH 
Xanthosine 

SAM SAH 

(I) 
7-Methy I xanthosine 

Ribose 

(2) 
7-Methyl xanthine 

]/ SAM 
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CH; 

O N N 

CH 3 

Caffeine 
SAH SAM 

Theobromine 

Figure 6 - Core pathway of caffeine biosynthesis in plants (Suzuki et al., 2004) 
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Given the growing popularity of decaffeinated coffee, understanding these 

mechanisms could be advantageous for suppressing or enhancing production through 

genetic engineering. The creation of caffeine-producing transgenic plants may serve as a 

natural pesticide. This has been described in trans-genic caffeine-producing tobacco, 

with satisfactory results (Kim & Sano 2008). More investigations are needed to 

determine to what extent these effects are accomplished in other species, especially 

those of agricultural importance (Ashihara et al. 2008). 

1.5.3. Caffeine tolerance 

Caffeine consumption over time stimulates the creation of new adenosine 

receptors; henceforth, individual tolerance increases over time. Chronic usage may 

cause withdrawal symptoms, some of which are headache, drowsiness, fatigue, and 

negative mood (Harland 2000). 

Studying the long-term effects of caffeine is difficult because consumption 

habits change over time, and caffeine intake might not be exclusive only to the 

consumption of coffee but might come from several sources. 

Table 2 - Effects of caffeine based on dose in healthy adult individuals 

Caffeine amount Consequences 

100 or 200 mg Increased mental alertness, faster flow of thought, 

wakefulness, restlessness, fatigue is reduced, sleep need is 

delayed 

1 g Caffeinism, anxiety, insomnia, mood changes, cardiac 

arrhythmias, gastrointestinal disturbances 

1.5 g Agitation, anxiety, tremor 

2-5 g Spinal cord stimulated 

10 g Lethal dose 
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1.5.4. Effects of caffeine on health 

Fertility and Pregnancy 

Current research suggests that consumption of caffeine doses greater than 

300 mg/day may reduce fecundability in fertile women, while for men doses higher than 

400 mg/day could decrease sperm motility and increase dead spermatozoa, though not 

sufficiently enough to affect male fertility altogether (Depaula & Farah 2019a). 

Caffeine easily crosses through the placenta into the fetus; however, the fetal 

liver cannot metabolize it, thus prolonging the half4ife of caffeine. The evidence of 

caffeine's effects on pregnancy is mixed. A meta-analysis on caffeine consumption 

during pregnancy did not find any significant adverse effects on fetal growth and pre

term birth but suggested it could nevertheless contribute to miscarriage (Maslova et al. 

2010). Other compounds present in coffee, such as theobromine and theophylline, might 

also be of influence. Habits that are generally linked with coffee use, such as alcohol 

and tobacco consumption, may also have an impact (Hinds et al. 1996; Harland 2000). 

According to EFSA, caffeine intake below 200 mg/day by pregnant women in 

the general population does not raise any concerns about the development of the foetus 

(EFSA Panel on Dietetic Products, Nutrition and Allergies 2015). 

Caffeine and bone health 

Caffeine has been shown to have several effects on bone health. Among them is 

its antagonistic nature toward adenosine. Adenosine stimulation of bone metabolisms is 

one of them. According to in vitro studies, the stimulation of adenosine A2A and A2B 

receptors encourages bone formation by activating osteoblast, this effect can be 

prevented by the binding of caffeine to adenosine receptors. Caffeine also negatively 

affects calcium metabolism, f.e. an increase in calcium excretion. This is particularly 

common, especially in older adults and premenopausal middle-aged women. 

Nonetheless, the association between caffeine consumption and osteoporosis and bone 

health is rather indirect. Some sources suggest that these issues could be offset by 

ingesting small amounts of milk with coffee (Depaula & Farah 2019a). Further long-

term studies need to be done to clarify these issues (Cooper et al. 2009; Berman et al. 

2022b). 
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Caffeine and Cardiovascular System 

Research on coffee's effects on the cardiovascular system has been historically a 

key topic; often with controversial findings (Preedy 2014a). Administering high doses 

of pure caffeine (200-250 mg) to healthy individuals has been observed to elevate blood 

pressure and induce cardiac arrhythmias (Depaula & Farah 2019a). However, these 

short-term raises later normalized and proved to be temporary and reversible in the 

majority of the cases. Existing research indicates that moderate caffeine intake (< 600 

mg/day) is not linked with increased risk of cardiovascular disease, arrhythmias, heart 

failure, blood pressure changes and hypertension among regular caffeine consumers in 

healthy population (Turnbull et al. 2017). Recent evidence also suggests that caffeine 

consumption does not increase the risk of coronary heart disease (Lopez-Garcia et al. 

2006b). Finally, no association was found between coffee ingestion and a risk of stroke 

(Grobbee et al. 1990). 

Hypertensive individuals are more sensitive to some effects of caffeine. For 

instance, pre/hypertensive populations experienced an acute rise in blood pressure with 

consumption of caffeine around 100-400 mg/day. In summary, epidemiological studies 

indicate an increased risk of cardiovascular disease only when five or more cups of 

coffee were consumed, representing > 500 mg of caffeine daily (Depaula & Farah 

2019a). 

Caffeine and Neurodegenerative Diseases 

The central nervous system is greatly affected by caffeine. It is a known 

psychoactive stimulant that permeates the blood-brain barrier and is antagonistic to 

adenosine receptors. Recent studies of caffeine's impact on neurodegenerative diseases 

suggest that it can be associated with preventing the development of Alzheimer's and 

Parkinson's and may be linked with better cognitive performance (Preedy 2014a; 

Depaula & Farah 2019a). Caffeine does this by creating new connective pathways in the 

brain, altering the morphology of neural synapses, supporting the formation of larger 

dendritic spines, and changing neural networks (Preedy 2014a). 

Alzheimer's disease causes cognitive decline and is the primary cause of 

dementia. Affected individuals develop neurofibrillary tangles and senile plaques, 

which are triggered by the accumulation of toxic beta-amyloid peptide or Tau protein in 
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the brain (Checler 1995; Ittner et al. 2010). Caffeine's protection is linked with anti

inflammatory effects on A l and A2 receptors and the decrease of deposits of the beta-

amyloid peptide. A model study on mice reported that high caffeine intake (human 

equivalent of 500 mg) can both prevent and even treat Alzheimer's disease (Arendash et 

al. 2009b). 

Parkinson's disease worsens motor and non-motor skills by degenerating 

dopaminergic neurons in the midbrain (Dauer & Przedborski 2003). According to a 

meta-analysis of 26 studies, coffee drinkers were at a 25 % lower risk of developing 

Parkinson's disease compared to non-drinkers. For every 300 mg increase in caffeine 

intake, there was a total risk reduction of 24-32 % (Depaula & Farah 2019a). 

Caffeine and liver disease 

Consumption of caffeine is associated with a lower risk of cirrhosis and 

hepatocellular carcinoma. Moreover, it might be beneficial in treating chronic 

hepatitis C and reducing fibrosis in alcoholic liver disease. According to a recent meta

analysis, a regular intake of three cups a day reduces these risks by 40 % (Preedy 2014). 

Caffeine and Glucose Metabolism 

Regular coffee consumption is related to a reduced risk of diabetes. However, 

research suggests that caffeine itself encourages adverse effects on glucose metabolism 

and reduces insulin sensitivity. This emphasizes the positive effects of other coffee 

constituents, especially chlorogenic acids, on glucose homeostasis and their ability to 

balance the effects of caffeine. In conclusion, it has been proven that consistent coffee 

consumption of both decaffeinated and regular coffees reduces the risk of diabetes, with 

decaffeinated seemingly better for glycemic control. Research on various coffee 

constituents and their effects on glucose metabolism would be helpful, as it may lead 

tothe development of coffee beverages that can maximize positive effects on health (van 

Dam & Hu 2005; Depaula & Farah 2019a). 

Carcinogenicity of Caffeine 

In the 1980s the reviews of national governments on coffee consumption raised 

alarming concerns whether caffeine may be carcinogenic, particularly regarding bladder 

and colon cancer. However, most of these assumptions have been made due to 

inadequate control for tobacco smoking, which is strongly linked to heavy coffee 

19 



ingestion (IARC 1990; Depaula & Farah 2019a). The majority of research indicates no 

conclusive link between coffee consumption and any kind of cancer. Furthermore, 

a meta-analysis on this subject revealed that coffee consumption has an inverse 

relationship with some types of cancer and may lower the incidence of cancer overall 

(Yuetal. 2011). 

Caffeine Intake Recommendations 

Despite extensive research focusing on the potential health effects and safety 

aspects of caffeine consumption, no universally accepted daily intake guideline exists. 

Safe limit for its consumption is difficult to establish because of different effects on 

individuals, which are based on sensitivity and habituation to caffeine. The dose of 

caffeine, which creates adverse and unpleasant effects, varies from individual to 

individual. Inexperienced users should consume it with caution until a one learns how it 

interacts with their body. The general standards by government authorities range from 

200-400 mg/day in adults. 

Children and adolescents who consume caffeine experience sleep disturbances 

and could hinder their brain development. The EFSA recommends no caffeine intake 

for children under 12 months. For older children and teenagers, it is recommended that 

intake is below 3 mg/kg bw/day (<120 mg/day in 40 kg bodyweight). Pregnant and 

lactating women should limit their caffeine intake for the reasons mentioned above; the 

maximum recommended daily dose is 200-300 mg/day (EFSA Panel on Dietetic 

Products, Nutrition and Allergies (NDA) 2015a; Depaula & Farah 2019a). 
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1.6. Chlorogenic acid 

Most studies up to date have focused on the potential health benefits of caffeine 

(Haskell et al. 2008; Arendash et al. 2009a; Depaula & Farah 2019b; Berman et al. 

2022a). Nonetheless, information on the potential health benefits of other coffee 

compounds is scarce (Zang et al. 2003). 

Chlorogenic acids (CGAs) are biologically active polyphenols which have 

alleged antioxidant properties (Nardini et al. 2002), are produced by certain plant 

species and are a major component of coffee. The term CGAs stands for a group of 

hydroxycinnamic esters with quinic acid, including caffeoyl-, feruoyl-, dicaffeoyl- and 

coumaroylquinic acids. Furthermore, there are several isomeric forms of these 

subgroups. The major polyphenol in coffee is caffeoylquinic acid, which is an ester of 

caffeic acid with quinic acid and is often referred to as chlorogenic acid. Its most 

common isomer in coffee is 5-caffeoylquinic acid (5-CQA) and accounts for 76-84 % in 

green coffee beans or 10 g/100 g in roasted coffee beans (Clifford & Ramirez-Martinez 

1991; Perrone et al. 2008, 2010; Tajik et al. 2017). 

CGAs are present in raw coffee and in other seeds and fruits such as sunflower 

seeds and blueberries. Lower content has also been observed in potatoes, tomatoes, 

apples, pears and eggplants, but consumption of CGAs from these sources only 

accounts for 5-10 % compared to coffee (Clifford 2000; Manach et al. 2004). While the 

method of processing might effect CGAs content in green coffee. The change is 

miniscule with the effect of roasting on CGAs content, which decomposes during the 

roasting process, especially in darker roasts (Varady et al. 2022a). 5-CQA is still a 

major isomer in roasted coffee and is considered to be the main source of C G A in the 

human diet (Clifford 1999; Renouf et al. 2010). 

Although a limited number of studies focused on the metabolism and 

bioavailability of CGAs in humans. Lafay et al. reported that C G A is absorbed 

unchanged in the stomach of rats (Lafay et al. 2006). The majority of C G A is then 

hydrolysed to caffeic acid and quinic acid before their absorption by esterases in small 

and large intestine (Konishi & Kobayashi 2004). Subsequently, it is metabolized to 

glucuronide and sulphite metabolites, which circulate in human plasma (Nardini et al. 
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2002). However, Monteiro et al. reported a significant variability in the absorption and 

metabolism of CGAs between individuals (Monteiro et al. 2007). 

1.6.1. Effects of chlorogenic acid on health 

CGA and Cardiovascular health 

According to meta-analysis conducted by Tajik et al. 23 studies examined the 

association between consumption of CGAs and cardiovascular health. Fifteen employed 

animal models, while eight were performed on humans. Based on statistical analysis, 

they found an association between dietary consumption of CGAs and a significant 

reduction is systolic and diastolic blood pressure. Although the mechanisms of C G A on 

endothelial dysfunction, which is a major factor in developing atherosclerosis, remain 

unclear. There have been suggested protective properties associated with antioxidant 

and anti-inflammatory properties of CGA. As well as the protective effects of C G A by 

the release of vasoactive molecules such as nitric oxide (NO) and thromboxane A2 

(TXA2) (Taguchi et al. 2014; Tajik et al. 2017). Though there is only one human study 

up do date (Tajik et al. 2017) there are claims that C G A can modulate lipid and glucose 

metabolism to prevent dyslipidaemia, which is linked with fatty liver disease and 

cardiovascular disease (Rodriguez de Sotillo & Hadley 2002). Lecoultre et al. has 

shown positive effects of caffeinated coffee with 9 % concentration and decaffeinated 

coffee with 3 % concentration of C G A on glucose and lipid metabolism in healthy men 

(Lecoultre et al. 2014). Current evidence in SD rats also suggests cholesterol-lowering 

effects of CGA, that are most likely mediated by increasing utilization of fatty acids in 

the liver via upregulation of PPAR-a mRNA (Wan et al. 2013). 
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CGA and Diabetes mellitus 

Type-2 diabetes mellitus (T2DM) is a metabolic disease that involves impaired 

glucose and fat metabolism (Kamtchouing et al. 2006). Tajik et al. summarized 17 

studies (12 animal models and 5 human) examining the association between 

consumption of CGAs and Diabetes mellitus (DM). Huxley et al. reported that the risk 

of Type-2 D M is reduced by 30 % in those who drink 3-4 cups of decaffeinated coffee 

containing high concentrations of C G A (2009). Van Dijk et al. examined the immediate 

effects on glucose tolerance in overweight men; they found improved insulin responses 

and early fasting plasma glucose when compared to placebo (Van Dijk et al. 2009). 

Ahrens et al. suggest that regular ingestion of C G A containing supplements is able to 

lower the glycaemic impact of food and continually lower background blood glucose 

levels of Type-2 D M (Ahrens & Thompson 2013). Moreover, In vitro and human study 

evidence suggests that C G A increases cell insulin secretion (Johnston et al. 2003; 

Tousch et al. 2008). 

CGA and obesity 

Obesity is a worldwide severe health problem that is the leading risk factor for 

cardiovascular disease (Ogden et al. 2007). The results from two prospective cohort 

studies showed that caffeinated and decaffeinated coffee were both associated with 

weight loss, which suggests that non-caffeine compounds, such as CGAs, have a 

positive effect on weight reduction (Greenberg et al. 2005; Lopez-Garcia et al. 2006a). 

In a meta-analysis of randomised clinical trials, Onakpoya et al. observed an average 

weight reduction of 2.5 kg in individuals ingesting green coffee extracts with high C G A 

concentrations (Onakpoya et al. 2011). However, another randomized study performed 

on 30 healthy individuals did not observe body weight change while ingesting CGA-

rich coffee (CGA 4.5 mmol/L); it should be noted that the study time was only 4 weeks 

(Kotyczka et al. 2011). Although there is positive evidence that long-term consumption 

of decaffeinated coffee has positive impact on weight-loss. The results are incomplete 

and further investigations into the influence of CGAs on appetite and satiety, 

thermogenesis, thermic effect of food should be conducted. 
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CGA and cancer 

Early in-vitro studies show that cellular damage caused by reactive oxygen 

species (ROS) is responsible for a number of diseases, including coronary heart disease, 

diabetes and cancers (Hussain et al. 2003; Valko et al. 2007). C G A should, therefore, 

have beneficial affects to such diseases due to its ability to prevent oxidative stress and 

oxidative damage (Valko et al. 2007). Tajik et al. examined 11 studies, which focused 

on the relationship of CGAs consumption and cancer. They reported that "the current 

animal data on CGAs is promising, beneficial effects of CGAs on human cancer have 

not been studied extensively" (Tajik et al. 2017). Nonetheless, a randomized controlled 

trial by Bakuradze et al. reported the beneficial effects of coffee rich in C G A on D N A 

integrity (Bakuradze et al. 2015). 

CGA and brain health 

While numerous studies explore the effects of coffee on the human nervous 

system, most of them focus solely on caffeine. Tajik et al. report only 13 studies 

examining the association of CGAs consumption and brain health. Three of those were 

performed on humans. Although they improved cognition and neuroprotective effects, 

further research should be conducted to evaluate these properties over extended periods 

of exposure and in different age groups (Tajik et al. 2017). 

CGA and gastrointestinal health 

Some animal studies have explored the benefits of CGAs anti-inflammatory 

properties on gastrointestinal health. In an experimental model of colitis on rats, C G A 

supplementation reduced the appearance of diarrhoea. These effects were attributed to 

the reduction of pro-inflammatory cytokines and activation of NF-KappaB (Di Paola et 

al. 2010). Gut-health is also greatly influenced by an intact intestinal barrier. Ruan et al. 

reported that C G A supplementation in rats mitigated mucosal inflammation by 

decreasing the intestinal permeability and by the increased expression of tight junction 

proteins (Ruan et al. 2014). However, these mechanisms have not been yet determined 

in humans (Tajik et al. 2017). 
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CGA and hepatic health 

In a pharmacological review, Xue et al. explored recent research and reported 

that "CGAs have an excellent protective effect against various liver diseases," such as 

alcoholic liver disease, drug-induced liver injury, metabolic fatty liver disease, 

cholestatic liver disease and liver cancer. CGAs beneficial effects were attributed to 

their antioxidant and anti-inflammatory properties (Xue et al. 2023). 

CGA and its effects on inflammation and pain 

Tajik et al. describe several animal studies that show positive effects of CGAs 

on inflammation and pain. C G A can supposedly reduce inflammation by decreasing the 

production of certain markers involved in the inflammatory process (Krakauer 2002). It 

has also been observed to inhibit the formation of oedema and alleviate pain (Dos 

Santos et al. 2006). Furthermore, C G A has shown the ability to treat neuropathic pain, 

with studies suggesting that it can reduce hyperalgesia and modulate certain ion 

channels involved in pain perception (Bagdas et al. 2013; Hara et al. 2014; Qu et al. 

2014). 
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1.7. Coffee preparation methods 

Although caffeine is non-volatile and stable after roasting, a small amount may 

be lost to sublimation during roasting (Farah 2012). Dutra et al. reported that caffeine 

was detected in the exhaust gases released during roasting, assuming that some caffeine 

loss may happen because of water vapour being released during seed fracturing caused 

by pressure (Dutra et al. 2001). During roasting, the beans are exposed to a temperature 

of 100-245 °C for varying periods of time depending on the variety, geographical origin 

and desired characteristics. Darker roasts can have lower caffeine content as roasting 

leads to a reduction of caffeine by 30 % from 0.89 % ± 0.02 in green beans to 0.6 % ± 

0.03 in roasted arabica beans (Franca et al. 2005). 

Grinding is a crucial step in coffee preparation. Chemical compounds in whole 

beans are inside cells and cannot be dissolved. Grinding breaks beans into small 

particles ranging from a few um to 1-2 mm. This allows easy dissolvement of chemical 

compounds and releases aromatic volatiles. There are four categories of ground coffee: 

coarse, medium, fine, and very fine. Typically, finer ground coffee has a higher 

extraction of caffeine and other compounds due to higher surface area being in contact 

with solvent. 

The caffeine content in the final beverage is influenced by several factors. 

Coffee brewing is a solid-to-liquid extraction of chemical compounds in coffee (soluble 

solids) into hot water (solvent). The main variables are coffee/water ratio, extraction 

time, volume of the extract, water temperature and type of contact between ground 

coffee and water. Vapour pressure, created during the making of Espresso and boiling, 

also plays a role in the final caffeine content (Petracco 2008; Severini et al. 2017b). 

Unfortunately, there is no evidence that people on the African continent 

consumed coffee before the common era. Based on traditions and accounts of European 

travellers from the seventeenth century, we might suggest that coffee was ingested 

before recorded history. The prevalence of the genus Coffea in this region is another 

supportive argument for this hypothesis. According to African tradition, we can assume 

that wine was made from the pulp of ripe coffee berries, prior to the tenth century 

(Ukers 1935; Weinberg et al. 2001). It is believed, that during the eleventh century in 

Ethiopia, began the practice creating a beverage by boiling unripe coffee beans in their 
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husks (Weinberg et al. 2001). After Arab traders brought back coffee, they started to 

prepare two different beverages. The first drink was called kisher. Nowadays similar to 

cascara, it is steeped from dried husk, and according to testimonies, has a taste similar 

to an aromatic or spiced tea (Davids 1996; Weinberg et al. 2001). The second drink was 

called bounya, or bunn, is a thick brew made from ground or crushed beans. It was 

drunk unfiltered and ingested with the sediment, as was usual practice for several 

hundred years (Weinberg et al. 2001). Early preparations of bounya were made by 

boiling raw beans. The practice of roasting beans arose in the Levantine. Islamic coffee 

drinkers in the sixteenth century invented the ibrik, a small metal vessel used to boil 

coffee, which was the prototype of the coffee pot. Younger method of preparing coffee 

is infusion. During the eighteenth century, ground coffee was put in a cloth bag and 

steeped in hot water (Ukers 1935; Weinberg et al. 2001). 

1.7.1. Decoction and immersion methods 

Decoction or immersion describe a process where a soluble solid is kept in 

contact with a specific volume of water at a certain temperature for a specific period of 

time. Decoction in coffee brewing describes a process when water is boiled together 

with the ground coffee, while immersion indicates that already boiled water was put in 

contact with the grounds. With increasing concentration, the extraction rate decreases, 

making high-ratio decoctions ineffective and possibly having an unpleasant aroma. The 

time of contact between solvent and solid increases extraction. The temperature of water 

is another parameter, as caffeine and other compounds are more readily soluble at 

higher temperatures (Petracco 2008; Mestdagh et al. 2017). 

Boiled and Turkish Coffee 

Boiling of coffee is the most rudimentary brewing method, it has been 

historically famous in northern and central Europe. Coffee that has been medium or 

coarsely ground is heated in a pot until boiling. Keeping the beverage at a boiling point 

increases the extraction. 

Turkish coffee is a type of boiled coffee where the beans are ground very fine. 

This makes the coffee to settle on the bottom, as it is unable to float. It also increases 

the extraction due to increased surface area. Traditionally, it is prepared in a long-
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handled pot, called cesve. The product is a small, strong beverage which contains some 

sediment. 

French press and other immersion brews 

Boiling coffee has become easier with the invention of electric kettles; ground 

coffee is simply added to a mug, then freshly boiled water is poured over it, allowing 

the coffee to steep at a lower temperature. Once the drink has cooled down enough, it is 

consumed. The ease of production and lack of specialized equipment required for this 

method make it popular in central and eastern Europe. 

French press is a type of vessel with a fine wire mesh plunger that is used to 

separate the grounds and liquid. Boiling water is poured over medium to coarse ground 

coffee, mixed, and left to sit for 2-8 minutes. The desired intensity of extraction 

determines the duration. While shorter extraction times highlight the coffee's acidity and 

floral notes, longer extraction times result in higher caffeine content as well as intensity 

and bitterness. The mesh strainer plunger is pressed down before serving, allowing the 

liquid to flow through and separate the grounds. Some fine particles and sediment enter 

the finished beverage as a result of ineffective mesh filtration (Mestdagh et al. 2017). 

By pressing the plunger, coffee oils are squeezed out from the coffee bed, increasing 

their content in the final beverage (Zhang et al. 2012). 

Figure 8 - French press diagram: 1. Plunger, 2. Separated ground coffee, 3. Filtered 

beverage (Source: Author 2022) 



1.7.2. Percolation methods 

Percolation, also known as pour-over or filtered coffee, is a technique in which 

hot water is allowed to run freely through a bed of coffee using gravity alone. This 

allows for a brief period of contact time, resulting in a beverage that has a milder 

flavour but still maintains some subtle aromas. Typically, the ground coffee is placed in 

a conical holder fitted with a filter. Commercially available filters come in a variety of 

sizes, shapes, and materials, each of which yields a particular outcome. The final 

beverage is significantly influenced by temperature, water volume, coffee bed shape, 

and particle size. Water can be applied manually or through a drip filter machine that 

operates automatically (Mestdagh et al. 2017). 
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1.7.3. Pressure methods 

Moka pot 

According to literature, the moka pot is a type of stove-top coffee maker that is 

"the most popular household coffee brewing in Italy (Mestdagh et al. 2017; Severini et 

al. 2017b)." It was invented by Alfonso Bialetti in 1993. It comprises of three chambers. 

Pressurized water or steam is supplied by the bottom chamber and travels through the 

middle chamber, which holds the ground coffee, before collecting in the upper chamber. 

Despite significantly lower preparation pressures, the finished beverage is compared to 

espresso. Although it has a straightforward construction, the thermodynamic and 

extraction behaviour of moka is highly complicated. The extraction process is difficult 

to control and can lead to over extraction and dissolution of undesired compounds, 

which results in a harsh and bitter drink. 

Figure 9 - Diagram of a Moka pot: (a) collection chamber, (b) basket chamber (containing 

ground coffee), (c) bottom chamber, and (d) heat source (Windisch et al. 2020) 
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Espresso 

The Italian espresso became well-known throughout the world for its potent, highly-

aromatic, small-volume beverage that is meant to be consumed right away. "In general, 

an Espresso coffee (~25 mL) is prepared by ground roasted coffee beans (6.5 ±1 .5 g), 

by means of hot water (90 ± 5°C) under pressure (9 ± 2 bar) applied for a short 

extraction time (30 ± 5 s) to a compact roast and ground coffee cake by a percolation 

machine, to obtain a small cup of a concentrated foamy elixir" (Severini et al. 2017b). 

Because of its high pressure and low water/coffee ratio, it provides a different kind of 

sensory satisfaction than other brewing methods. Acquiring high-quality espresso cups 

is quite challenging, as higher extraction may indicate flaws in the source material and 

other factors (Petracco 2008a). Espresso is used mainly commercially due to the 

quickness of preparation and the high price of Espresso machines. Thus, it plays a 

miniscule role in coffee homebrewing. 

Single-serve coffee makers 

The fastest-growing preparation method in the coffee sector is single-serve 

coffee makers. The coffee pod market is expected to hit $ 25 billion by 2025, in USA 

alone (Eiermann et al. 2020). The beverage is prepared by forcing an exact volume of 

water through pre-filled coffee pods or capsules. The water is compressed at a pressure 

ranging from 3-19 bar and is heated to temperatures of 93-95 °C, the power input of 

these machines ranges from 400-1500 W (Cibelli et al. 2021). Different systems vary in 

the shapes and sizes of capsules, but the most common machine is the Espresso system 

(Eiermann et al. 2020). Because they are generally hermetically sealed capsule and pod 

systems are supposed to keep the ground coffee as fresh as possible. They are also 

supposed to provide consistent brew, as the human factor is eliminated from the 

brewing process (Severini et al. 2017b; Eiermann et al. 2020). However, they pose 

ecological concerns as they pose increased production of packaging material and post-

consumer waste disposal. The carbon footprint of a single coffee made by a pod or 

capsule machine has been established as 12.6 to 27.6 g CO2 higher than an induction 

Moka pot (Cibelli et al. 2021). 
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AeroPress 

AeroPress is a combination of immersion and pressurized brewing methods. The 

coffee grounds are placed in a cylindrical chamber and let to steep. After which the 

beverage is extracted through a paper filter by manual pressure added by a plunger to 

extract more from the coffee (Mestdagh et al. 2017; de Figueiredo Tavares & Mourad 

2020). 
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2. Aims of the Thesis 

The main objective of this thesis was to investigate the impact of coffee 

preparation techniques on the content of caffeine and chlorogenic acid. The goal was to 

establish a safe guidelines for sensitive groups of individuals. To achieve this, the 

experiment tried to eliminate all other variables (grind size, water/coffee ratio, etc.) to 

focus on the impact of brewing method. 
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3. Materials & methods 

3.1. Coffee samples 

Two types of C. arabica sourced from roastery Ceskava s.r.o. were used. The 

first sample ("Ethiopia") origin is Sidamo in southwestern Ethiopia, it was grown in 

elevations 1600-1900 msl. The coffee was processed using washed fermentation. The 

second sample ("Nicaragua") was grown in Nicaragua on plantation Finca E l Cipres by 

Isac Javier in elevations around 1200 msl. It was processed using anaerobic natural 

fermentation. Samples were roasted in Ceskava roastery on a commercial grade fluid-

bed hot air roaster Novoroaster. The roasting recipe for Nicaragua sample was based on 

time, for 60 s hot air of 180 °C was supplied, after which it was raised to 220 °C for 

165 s and finished at 223 °C for 230 s. Resulting in 455 s roasting time for 750 g of 

green coffee beans. While the recipe for Ethiopia sample was based on heat of the 

beans. They were heated in increments while the highest obtained temperature was 

216 °C. The time of roasting is dependent on the batch, but is is generally between 15 to 

17 minutes for 1500 g of green coffee. 

3.2. Brewing methods 

Following preparation methods were used: AeroPress™, Cezves, French press, 

Filtered - V60, Moka pot, Nespresso pods and De'Longhi Espresso Maker. These 

should reflect the general homebrewing methods available to most of the population. 

Specialty and commercial methods were omitted, as they do not represent the conditions 

of a home setting and result in a very different beverage. 

Moka-pot (Moka). A Bialetti moka pot of 220 ml volume, up to the pressure 

valve, was used. The diameter of the basket chamber was 53 mm. It is necessary to 

never fill up a moka pot fully, as the pressure might get too high and be potentially 

dangerous. This method was prepared in two ways: 

• First by adding cold water and heating it up for 5 minutes on the full power of 

the gas stove. At this time the moka pot sputters and most of the water has 
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passed through the chambers and extracted. The extracted beverages ranged 

from 62.1 g to 72 g. It is generally not recommended to let it boil past the 

distinctive sound as the beverage might become over-extracted and not palatable 

(Mestdagh et al. 2017). 

• In the second method already boiling water was added to the chamber and let on 

the stove for 2 minutes. The obtained yields ranged from 58.4 g to 67.2 g. These 

losses of liquid are contributed to by the evaporation of hot steam, absorption of 

moisture by coffee grounds, and some water left in the bottom chamber. 

French press (French). An Orion brand glass home French press was used with 

a metal mesh plunger, it had a diameter of 80 mm. The coffee grounds were poured over 

with boiling water and left to steep for 3 min, 5 min and 10 min. After which the 

plunger was gently pressed to the water surface and the liquid was strained. 

Filtered coffee (V60). For the filtered coffee a Hario V60-01 plastic dripper was 

used. Its height was 83 mm and width at the top 95 mm. Hario VCF-01-100W paper 

filters were used alongside with it. The different temperatures of hot water (80 °C, 

90 °C and 96-98 °C) were poured over the coffee slowly in two to three pours. 

AeroPress (Aero). The AeroPress GO used has a diameter of 95 mm. The paper 

filters used with it were AeroPress Micro-Filters. Coffee grounds were poured over with 

boiling water and the beverage was let to steep in the plunger turned upside down for 

30, 120 and 180 s. After which the filter in its case was screwed on and the beverage 

plunged out into a vessel. 

Cezves (Cezv). A traditional brass Cezves of a two-walled construction, which 

was acquired from a Turkish market was used. Its top diameter was 60 mm and bottom 

diameter 85 mm. The grounds with cold water were brought to a boil on the gas stove. 

As soon as it was staring to boil over from the cezves it was taken of heat and strained 

through a paper filter. The boiling time was somewhat consistent with the minimum of 

175 s and maximum of 216 s. 

Nespresso - pods (Nesp). For the pod coffee a Krups Nespresso XN110110 was 

used together with reusable aluminium capsules from SEALPOD. The Nespresso 

machine has a power input of 1200W and a stated pressure rating of 19 bar. A big 
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coffee setting on the machine dispensed 100 ml of hot water, creating the desired 

beverage. 

Espresso machine (Esp). A lever coffee machine De'Longhi Dedica EC 685.M 

was used to make espresso. Its power input is 1300 W and it can generate pressure of 

15 bar. A plastic lever with a porta filter, which was provided by the manufacturer, was 

used with it. The double coffee button dispensed 100 ml of water without the coffee 

grounds. 

3.3. Sample preparation and filtration 

The acquired samples were filtered immediately through a paper filter and 

afterwards through a microfilter of 0.45 um. After which they were diluted with Mil iQ 

water in a ratio 1:11 and put into vials, these were stored at - 20 °C until analysis. 

Samples of each method were prepeared in four replications per type of coffee. 

The ration of coffee grounds to water was 6 g to 100 ml in all preparations. Twice with 

double distilled water and twice with local tap water from water source Zelivka. For 

preparations needing a heat source a home gas stove M O R A P4251AW was used. The 

smallest burner outputting 1 kW was always put on full power. For methods needing 

boiled water an electric kettle with temperature setting was used (Sencor SWK 

1796SS). Most preparations, except the Filtered coffee, used 96-98 °C water. 

3.4. Experiment design 

A total of seven main brewing methods, including their respected variations, 

were tested. These were then prepared for both types of coffee (Ethiopia & Nicaragua) 

and concurrently for both types of water (distilled & tap). Detailed diagram of the 

experiment design is explained in Figure 10 below. As a result, 56 distinct samples 

obtained. To ensure accuracy, the entire experiment was conducted in duplicate, 

resulting in a total of 112 samples for analysis. 
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Figure 10 - Experiment design diagram (Source: Author) 
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3.5. Secondary analyses 

The pH analysis was performed after the first filtration immediately when the 

beverage has cooled to temperature of 23 °C. An electrode pH meter WTW from 

InoLab was used. 

Particle size analysis was performed using laser diffraction. Mastersizer 3000 

(Malvern Instruments, UK) was used with a Aero S unit (Malvern Instruments, UK). 

The refraction index was set to 1.46 and absorption index to 0.01. Evaluation of the 

measurements was performed using the instrument software (Malvern Instruments, UK) 

and the particle size percentage was expressed as Dx (10), Dx (50), Dx (90). 

3.6. High Performance Liquid Chromatography using Diode 

Array Detection (HPLC-DAD) 

The caffeine and chlorogenic acid (CGA) content was analyzed using HPLC-

DAD. 

Chemicals used 

Demineralized water - purified using Mil l i -Q Plus (Millipore, Germany) 

Methanol for HPLC (Lach-Ner, Czech republic) 

Caffeine (Sigma-Aldrich, Germany) 

Chlorogenic acid - EP Reference Standard (Sigma-Aldrich, Germany) 

Apparatus 

Analytical scales (0.1 mg accuracy) Mettler A E 200 (Mettler Toledo, 

Swirzerland) 

Ultrasonic bath (Elma, Germany) 

Infinity 1260 II. HPLC system (Agilent, USA): 

- Wide-range D A D detector 1260 Infinity II. (Agilent, USA) 

- Automatic Vialsampler 1290 Infinity II. 

Vortex SA 7 (Stuart, United Kingdom) 
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Syringe with PTFE membrane filter (0.45 um) 

D E L L computer with an OpenLab software 

Analysis conditions 

Column: Infinity Lab Poroshell 120, 2.7 um C 18, size 150 x 3 mm (Agilent, 

USA) 

Mobile phase: methanol : demineralized water (ratio 40:60) - isocratic elution 

Detection: D A D at 264 nm for caffeine, and 320 nm for C G A 

Mobile phase flow rate: 0.3 ml/min 

Injection: 20 ul of sample 

Column temperature: 35 °C 

Length of analysis: 5 minutes 

Analyte retention time: 4.5 minutes 

Caffeine standard. Base solution was prepared dissolving 10 mg of caffeine in 

the mobile phase (100 ml) creating a concentration of 100 ug/ml. A calibration set was 

prepared from the base solution with caffeine concentrations of 1; 5; 10; 50; 100 ug/ml. 

Volumes of base solution (0.25; 1.25; 2.5; 12.5 ml) were pipetted into 25 ml volumetric 

flasks and filled until the graduation marking with mobile phase. Linear trend 

estimation was created using Microsoft Excel 2016, where measured peak areas were 

compared to known concentrations (Figure 10). 
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Figure 11 - Caffeine calibration curve. 

Chlorogenic acid standard was prepared in concentrations of 150; 200; 250 

and 500 mg/1. Similarly to caffeine calibration, the curve for C G A is shown in Figure 

11. 
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Figure 12 - Chlorogenic acid calibration curve. 

3.7. Statistical analysis 

The statistical analysis was performed using R language system Jamovi. 

Independent samples T-test was used for comparison of the difference in coffee's 

origin. One-way A N O V A was utilized to explore effect of method on measured 

variables. And M A N C O V A was performed to showcase interactions of these variables. 
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4. Results 

In total, 111 samples were tested for pH, caffeine and C G A content. Table 3 

below displays all measured values. These values were further statistically analyzed. 

Table 3 - Raw results (Source: Author) 

Brewing 
method Variant 

Coffee 
sample Water type 

Sample 1 Sample 2 Brewing 
method Variant 

Coffee 
sample Water type pH caffeine mg/100 ml CGA mg/100 ml pH caffeine mg/100ml CGA mg/100 ml 

30 s Ethiopia Distilled 5.01 35.43 164.96 4.96 36.05 167.22 
Tap 4.99 36.28 160.85 4.94 36.64 172.65 

Nicaragua Distilled 4.94 43.91 174.49 4.92 44.11 176.45 
> Tap 4.79 44.90 166.12 4.79 44.72 164.22 
o 120 s Ethiopia Distilled 4.96 40.68 190.85 5.02 36.46 177.67 
"0 
CD Tap 4.91 37.03 173.37 

Nicaragua Distilled 4.94 46.24 174.30 4.91 45.39 171.08 
Tap 4.83 48.22 178.86 4.78 47.09 178.03 

180 s Ethiopia Distilled 5.10 39.34 181.88 5.02 39.62 181.40 
Nicaragua Distilled 4.96 47.09 178.00 4.91 49.43 184.28 

Ccz 

Ethiopia Distilled 5.00 41.93 197.92 5.04 40.99 191.42 Ccz Tap 4.99 39.57 163.04 5.03 38.49 183.32 
CD Nicaragua Distilled 4.92 53.21 194.76 4.93 50.28 171.97 CD 

Tap 4.83 49.52 182.30 4.83 47.97 182.14 

Espn 
m

ac 

Ethiopia Distilled 4.97 35.93 165.59 5.03 37.85 167.64 Espn 
m

ac Tap 5.08 34.01 155.73 5.02 34.72 158.39 
B. o 
B 1 / 1 

Nicaragua Distilled 4.89 47.64 166.94 4.87 47.59 161.03 
Tap 5.05 37.70 143.42 4.92 47.46 179.37 

96-98 °C Ethiopia Distilled 4.95 42.07 192.18 4.93 45.52 204.92 
Tap 4.91 42.06 194.22 5.01 37.11 180.38 

Nicaragua Distilled 4.94 34.49 1.32.68 4.92 51.55 191.12 
Tap 4.86 41.37 125.21 4.81 44.62 164.01 

1 88-90 °C Ethiopia Distilled 5.05 43.80 200.25 5.02 43.25 199.40 

1 Tap 5.11 40.64 189.17 5.09 41.48 185.89 
-t Nicaragua Distilled 4.90 57.32 193.65 4.90 56.90 202.00 

1 Tap 4.97 54.03 190.43 4.90 51.48 184.14 
o 78-80 °C Ethiopia Distilled 5.02 39.21 185.19 5.01 40.87 188.68 

Tap 5.16 51.12 223.58 5.11 39.73 185.28 
Nicaragua Distilled 4.93 54.51 203.92 4.93 46.72 173.53 

Tap 4.97 45.83 164.60 5.07 35.22 170.77 
180 s Ethiopia Distilled 5.02 38.35 190.95 4.99 40.95 191.18 

Tap 5.05 35.84 179.94 4.90 42.51 199.76 
Nicaragua Distilled 5.01 47.66 167.12 4.99 50.07 190.27 

•n 
3 

Tap 4.88 45.79 170.07 4.87 44.91 166.66 
•n 
3 300 s Ethiopia Distilled 5.02 37.43 191.72 4.98 52.65 198.20 

1 Tap 5.03 35.84 179.94 5.01 35.98 180.97 1 Nicaragua Distilled 5.01 51.49 190.26 5.02 48.85 182.21 
Cfl Tap 4.85 41.90 141.16 4.82 41.41 140.34 

600 s Ethiopia Distilled 5.04 37.27 176.31 5.06 37.56 177.17 
Tap 5.02 35.15 182.57 4.99 35.44 178.72 

Nicaragua Distilled 4.97 51.80 20.3.31 4.96 51.30 177.71 
Tap 4.85 46.74 167.47 4.83 46.22 190.12 

z Ethiopia Distilled 5.03 39.35 17.3.14 5.00 31.39 150.73 

1 1 Tap 5.07 39.92 18.3.95 5.07 38.99 186.19 

& 1 Nicaragua Distilled 4.93 34.63 127.73 4.92 40.95 153.08 
O Tap 4.97 36.75 118.41 4.98 64.35 217.84 

Ethiopia Distilled 4.91 45.07 204.81 4.99 45.40 210.04 
Tap 4.99 66.84 258.67 5.00 53.14 227.27 

Nicaragua Distilled 4.88 59.48 201.36 4.87 46.15 170.86 1 Tap 4.82 60.09 209.38 4.72 61.99 202.26 
b Ethiopia Distilled 4.99 51.35 219.97 5.00 53.17 221.26 
o Tap 4.82 70.40 273.96 4.84 48.67 217.81 

Nicaragua Distilled 4.86 71.42 228.94 4.90 63.17 216.86 
Tap 4.73 75.32 230.69 4.83 65.87 211.32 

41 



4.1. Particle analysis 

Table 3 shows the mean particle size distribution between the coffee samples. 

With D x (50) describing the median value. Whereas D x (10) means that 10 % of 

particles were smaller than the measured value and D x (90) stating that 10 % of 

particles were larger than the measured value. Figure 10 shows the graph comparison of 

these distributions. 

Table 4 - Particle size distribution (um) 

Coffee sample Dx(10 ) D x (50) D x (90) 

Ethiopia 311.83 658.53 1154.33 
Nicaragua 292.23 642.87 1129.70 

DPG1 0,1 1,0 10,0 100,0 1 000,0 "COX 0 

Size Classes l|jrn] 

© 
—[14] coffee nika-1504.2024ft411M [3] coffeeetiopie-l5.04.2024 0:29:5 

Figure 13 - Comparison of Particle sizes between coffee samples ("[14] coffee nika" -

Nicaragua sample; "[3] coffee etiopie" - Ethiopia sample). 
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4.2. Effect of preparation method 

The brewing method had significant impact on the pH, caffeine and chlorogenic 

acid content. The mean values for pH ranged from 4.92 (Cezves) to 5.0 (Nespresso). 

Caffeine content showed mean values from 40.36 mg/100 ml (Espresso) to 55.34 

mg/100 ml (Moka). C G A content had a range of mean values of 162.26 mg/100 ml 

(Espresso) to 212.23 mg/100 ml (Moka). 

Table 5 - Group descriptives of brewing methods 

Group Descriptives 

method N Mean SD SE 

pH Moka 20 4.89 0.0943 0.0211 

Aero 21 4.93 0.0813 0.0177 

Cezv 7 4.92 0.0749 0.0283 

V60 24 4.98 0.0878 0.0179 

Nesp 8 5.00 0.0576 0.0203 

French 23 4.97 0.0763 0.0159 

Esp 8 4.98 0.0783 0.0277 

caffeine (mg/100 ml) Moka 20 55.34 11.0315 2.4667 

Aero 21 41.59 4.7330 1.0328 

Cezv 7 46.91 5.6216 2.1247 
V60 24 45.04 6.6095 1.3492 

Nesp 8 40.79 10.0271 3.5451 

French 23 43.07 6.2039 1.2936 

Esp 8 40.36 6.1040 2.1581 

CGA (mg/100 ml) Moka 20 212.23 26.8157 5.9962 

Aero 21 174.69 7.2458 1.5812 

Cezv 7 180.08 10.0011 3.7800 

V60 24 184.38 21.6677 4.4229 

Nesp 8 163.88 32.8674 11.6204 

French 23 178.89 15.4674 3.2252 

Esp 8 162.26 10.4797 3.7051 
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Effect of brewing method on pH. The only statistical evidence observed was 

between the Moka pot and Nespresso coffee (Table 7). 

Table 6 - Effect of brewing method on pH 

Moka Aero Cezv V60 Nesp French Esp 

Moka Mean 
difference 

p-value 

0.0341 

0.875 

0.02407 

0.992 

0.0834 

0.062 

0.1018 * 

0.031 

0.07376 

0.105 

-0.0842 

0.253 

Aero Mean 
difference 

p-value 

0.01000 

1.000 

0.0493 

0.456 

0.0677 

0.214 

0.03969 

0.642 

-0.0502 

0.726 

Cezv Mean 
difference 

p-value 

— 0.0593 

0.589 

0.0777 

0.353 

0.04969 

0.724 

-0.0602 

0.730 

V60 Mean 
difference 

p-value 

0.0183 

0.9t92 

0.00966 

1.000 

8.33e-4 

1.000 

Nesp Mean 
difference 

p-value 

— 0.02799 

0.924 

0.0175 

0.998 

French Mean 
difference 

p-value 

-0.0105 

1.000 

Esp Mean 
difference 

p-value 

— 

Note. * p < .05, ** p < .01, *** p < .001 

Mean (95% CI) 

Moka Aero Cezv V60 Nesp French Esp 
. Theoretical Qualities method 

Figure 14 - Boxplot of brewing method on pH. 1 5 " Q^ntiles of pH. 
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Effect of brewing method on caffeine content. The lowest recorded caffeine 

content was present in Nespresso 31.39 mg/100 ml and the highest content was present 

in Moka 75.32 mg/100 ml. The Moka pot had statistically higher extraction of caffeine 

than AeroPress, Filtered - V60, French Press and Espresso (values in Table 8, which are 

highlighted by *). 

Table 7 - Effect of brewing method on caffeine 

Games-Howell Post-Hoc Test - caffeine (mg/100 ml) 

Moka Aero Cezv V60 Nesp French Esp 

Moka Mean difference 13 g ### 8.43 10.31 * 14.553 12.27 ** 14.982 ** 

p-value <.001 0.179 0.015 0.054 0.002 0.002 

Aero Mean difference — -5.32 -3.45 0.800 -1.48 1.228 

p-value — 0.356 0.413 1.000 0.972 0.998 

Cezv Mean difference — 1.87 6.119 3.84 6.548 

p-value — 0.986 0.751 0.716 0.375 

V60 Mean difference — 4.246 1.97 4.675 

p-value — 0.907 0.938 0.549 

Nesp Mean difference — -2.28 0.429 

p-value — 0.995 1.000 

French Mean difference — 2.707 

p-value — 0.924 

Esp Mean difference — 

p-value — 

Note. * p < .05, ** p < .01, *** p < .001 

Mean (95% CI) 

Moka Aero Cezv V60 Nesp French Esp -2 -1 U i 

method Theoretical Quantiles 

Figure 16 - Boxplots of caffeine/method. Figure 17 - Quantiles of caffeine. 
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Effect of brewing method on CGA content. The lowest recorded C G A content was 

present in again in Nespresso 118.42 mg/100 ml, while the highest content also in Moka 

273.96 mg/100 ml. The Moka pot showed statistically significant higher C G A content 

compared to all the other methods. Moreover, Espresso showed significantly lower 

C G A content compared to French press and Filtered coffee - V60 (Table 9). 

Table 8 - Effect of brewing method on CGA content 

Games-Howell Post-Hoc Test - C G A (mg/100 ml) 

Moka Aero Cezv V60 Nesp French Esp 

Moka 

Aero 

Cezv 

V60 

Nesp 

French 

Esp 

Mean difference 

p-value 

Mean difference 

p-value 

Mean difference 

p-value 

Mean difference 

p-value 

Mean difference 

p-value 

Mean difference 

p-value 

Mean difference 

p-value 

37.5 

<.001 

32.15 ** 

0.002 

-5.39 

0.829 

27.85 * 

0.010 

-9.69 

0.400 

-4.30 

0.988 

48.3 

0.040 

10.8 

0.957 

16.2 

0.824 

20.5 

0.660 

33.35 ** 

<.001 

-4.19 

0.901 

1.20 

1.000 

5.50 

0.950 

-15.00 

0.859 

49.97 , 

<.001 

12.43 

0.114 

17.82 

0.059 

22.12 * 

0.011 

1.62 

1.000 

16.62 * 

0.042 

Note. * p < .05, ** p < .01, *** p < .001 

Mean (95% CI) 

225 • 

E 200 • 
C: 
o 

Öi 
S 1 7 5 • 
< 
;.r. 

150 • 

Moka Aera Cezv V60 Nesp French Esp 

method 

Figure 18 - Boxplot of brewing 

method/CGA content. 

rr 

cq -2 

- 2 - 1 0 1 2 

Theoretical Qualities 

Figure 19 - Quantiles of CGA content. 
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Interactions of parameters. The interactions between non-dependent 

parameters were assessed using M A N C O V A . Singular analysis confirmed that the type 

of coffee and preparation method influence caffeine and C G A content. It has also shown 

that the type of water has significant effect only on pH, which was to be expected. No 

interactions of these variables had effect on caffeine or C G A content, which were the 

observed attributes. 

Univariate Tests 

Dependent 
Variable 

Sum of 
Squares df Mean 

Square F P 

water caffeine (mg/100 
ml) 0.87772 1 0.87772 0.0255 0.873 

CGA (mg/100 ml) 175.44369 1 175.44369 0.5224 0.472 

pH 0.03571 1 0.03571 15.5253 <.001 

coffee caffeine (mg/100 
ml) 1875.17057 1 1875.17057 54.5073 <.001 

CGA (mg/100 ml) 3375.11809 1 3375.11809 10.0502 0.002 
pH 0.29346 1 0.29346 127.5877 <.001 

method caffeine (mg/100 
ml) 2988.86328 6 498.14388 14.4800 <.001 

CGA (mg/100 ml) 24779.10942 6 4129.85157 12.2976 <.001 

pH 0.14462 6 0.02410 10.4796 <.001 

water * coffee caffeine (mg/100 
ml) 64.92290 1 64.92290 1.8872 0.173 

CGA (mg/100 ml) 1020.88997 1 1020.88997 3.0400 0.085 

pH 0.02058 1 0.02058 8.9470 0.004 

water * method caffeine (mg/100 
ml) 518.40892 6 86.40149 2.5115 0.028 

CGA (mg/100 ml) 3940.15866 6 656.69311 1.9555 0.081 

pH 0.12637 6 0.02106 9.1569 <.001 

coffee * method caffeine (mg/100 
ml) 94.77115 6 15.79519 0.4591 0.837 

CGA (mg/100 ml) 2513.48848 6 418.91475 1.2474 0.291 

pH 0.00249 6 4.16e-4 0.1808 0.981 

water * coffee * 
method 

caffeine (mg/100 
ml) 131.73212 5 26.34642 0.7658 0.577 

CGA (mg/100 ml) 1087.94840 5 217.58968 0.6479 0.664 

pH 0.01800 5 0.00360 1.5653 0.179 

Residuals caffeine (mg/100 
ml) 2889.78164 84 34.40216 

CGA (mg/100 ml) 28209.25924 84 335.82451 

pH 0.19320 84 0.00230 
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4.3. Coffee sample differences 

Independent Samples T-Test (Table 5) was performed to establish the difference 

between the Ethiopia and Nicaragua coffee samples. There have been found significant 

differences in the pH, caffeine and C G A content in these groups. Table 4 showcases 

main descriptives. 

Table 9 - Group descriptives of coffee samples 

Group N Mean Median SD SE 

pH Ethiopia 54 5.00 5.01 0.0655 0.00891 

Nicaragua 57 4.90 4.90 0.0750 0.00994 

caffeine (mg/100 ml) Ethiopia 54 41.09 39.34 7.2375 0.98490 

Nicaragua 57 49.31 47.64 8.3587 1.10713 

CGA (mg/100 ml) Ethiopia 54 188.74 184.57 23.0778 3.14049 

Nicaragua 57 177.73 178.00 24.4632 3.24023 

Table 10 - Independent Samples T-Test 

Statistic df P 

pH Student's t 7.65 109 <.001 

caffeine (mg/100 ml) Student's t -5.53 109 <.001 
CGA (mg/100 ml) Student's t 2.44 109 0.016 

Note. H„ [lEthiopia # HNicaragua 
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Figure 20 - Boxplot of pH based on coffee type. 
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5. Discussion 

Although, Fuller & Rao suggest that the grind setting does not have an influence 

on equilibrium concentrations of C G A and caffeine in long-term extractions. They 

highlight that with the increase of grind size the extraction time increases (Fuller & Rao 

2017). As none of the brewing methods used in this research are of a long-term 

characteristic (fe. cold brew) a particle analysis was necessary to show that the data of 

different coffee samples is comparable. The median value of particle size for Ethiopia 

sample was 658.53 um and 642.87 um for Nicaragua sample. Despite this slight 

variance, both samples exhibited very similar grind and distribution profile. It should be 

noted that under real life circumstances the same grind setting would not be used for 

different brewing methods, as it would have negative effect on organoleptic properties 

(VOILLEY et al. 1981). This might show the results of the thesis as not reflective of 

everyday life. Nevertheless, it was necessary to remove all unwanted variables, that 

might influence the C G A and caffeine extraction, other than the brewing method. As 

these effects show to have detrimental effect on the extraction yield (Wang & Lim 

2023). 

The only statistically proven difference in pH was between Moka and Nespresso 

samples. As the Nespresso pods were reported to show water channelling and therefore 

bad extraction (Schmieder et al. 2023). As is supported by the non-normality of the 

Nespresso values. Therefore, it can be assumed, that the brewing method had no effect 

on the pH of the final beverage. When evaluating the pH, Ethiopian coffee sample had 

values ranging from 4.82 to 5.16. While the Nicaraguan coffee was more acidic with pH 

values of 4.72 to 5.07. These values are comparable to other research. Bobková et al. 

reported values of pH in C. arabica beverages ranging from 4.60 to 5.35. Being 

consistent with other studies, which reported values of 4.95 to 5.99 (Fujioka & 

Shibamoto 2008; Moon et al. 2009). Obviously, the type of water used (distilled or tap) 

showed to have an effect on the final pH values, as water is the main component of 

coffee beverage and its original pH will affect the final values. 

The measured caffeine content ranged from 31.4 mg/100 ml in Nespresso to 

75.3 mg/100 ml in Moka. This range is similar with the previous experiments performed 

(Gawlik et al. 2022) and other research (Gloess et al. 2013; Bobková et al. 2021). In my 
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previous bachelor's thesis, I recorded values of caffeine ranging from 35.22 to 66.72 

mg/100 ml. Bobkova et al. measured caffeine content for several types of C. arabica, 

using a similar ratio to this thesis (7 g of coffee to 120 ml of water). Their recorded 

values ranged from 1.37 to 1.78 %, these values are similar compared to this research. 

Values measured in this research show no health concern, as they are below the 

guideline set by EFSA, which suggests that pregnant women should consume < 200 mg 

of caffeine per day, keeping in mind they would consume a 250 ml beverage daily 

(EFSA Panel on Dietetic Products, Nutrition and Allergies 2015b). However, it should 

be noted that commercial preparations, such as espresso, pose a higher risk. Crozier et 

al. measured 20 espresso beverages obtained from different cafe shops and reported 

caffeine concentrations ranging from 51 to 322 mg in a cup. Although, this research 

utilized a lever espresso machine, the coffee to water ratio, pressure and extraction 

kinetics were much different (6 g to 100 ml) compared to a commercial setup (Crozier 

et al. 2012; Schmieder et al. 2023). The values for Espresso (34-47.6 mg/100 ml) and 

Nespresso (31.4-64.3 mg/100 ml) were unexpectedly lower than anticipated, 

considering these brewing methods are commonly associated with having high 

extraction rates (Severini et al. 2017). This is due to the choice of the experiment, as 

these methods should use smaller grind size and higher coffee to water ratio to be 

effective. The large variability in recorded concentrations is due to water channelling. 

This phenomenon happens in the coffee bed when the grind setting, amount of coffee 

and its distribution are not ideal and reduces the amount of coffee being exposed to the 

pressurized water (Schmieder et al. 2023). Under these parameters, the machines do not 

reflect the professional setting, as it is very difficult to obtain a quality espresso cup 

(Petracco 2008). As mentioned, Moka pot showed the highest caffeine extraction and 

was proven to be statistically significant compared to all other methods. This 

corresponds to previous experiments (Gawlik et al. 2022) and other research (Bobkova 

et al. 2021). No other methods showed a statistically significant difference in caffeine 

extraction compared to each other, which is contrary to a previous experiment (Gawlik 

et al. 2022). That is due to robustness of this research (111 samples), whereas the 2022 

experiment measured only 24 different samples and one type of coffee. Moreover, the 

coffee in the previous experiment was ground using a hand grinder, possibly yielding 

different results, as particle analysis was not performed. 
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C G A content ranged from 118 mg/100 ml in Nespresso to 274 mg/100 ml in 

Moka. These values are in accordance with other authors. For example, Bobková et al. 

stated that C G A content in a cup of coffee ranges from 15-325 mg, although she does 

not specify the volume of such cup. While Vollmanová et al. suggest concentrations per 

cup of 70-350 mg, not stating the mass of coffee used (Bobková et al. 2021; 

Vollmanová et al. 2022). It is hard to determine what is a cup of coffee, as not all 

beverages are consumed in the same volume. Although, the higher extraction rates in 

this research could be attributed to the roasting degree of coffee samples, as light-

medium roast beans were used. Blumberg et al. reports that increased roasting 

temperatures and time lead to degradation of C G A precursors and lower their final 

extraction into the beverage (Blumberg et al. 2010; Król et al. 2020). The statistical 

analysis showed notably higher C G A content in Moka compared to all the other 

methods. Filtered coffee (V60) and French Press had also significantly greater C G A 

extraction compared to Espresso machine. This finding contradicts conclusions made by 

Bobková et al. (2021), which states that the content of C G A is not statistically 

dependent on beverage preparation method, albeit only Moka and French press were 

tested in their research. Nevertheless, they observed that "generally, samples prepared 

by moka method showed both higher content of caffeine and chlorogenic acid" 

(Bobková et al. 2021). 

While the health benefits of coffee have been long known, it has a been a part of 

scientific discourse to which compounds we can attribute these effects (Ludwig et al. 

2014; Preedy 2014b; Poole et al. 2017). New studies explore the possibility that 

chlorogenic acids could be responsible for some of the beneficial health effects, such as 

their antioxidant and anti-inflammatory properties; therapeutic effect on the treatment of 

hyperlipidemia and diabetes; neuroprotective, immunoprotective and anti-mutagenic 

effects; ability to promote cardiovascular health and treat hypertension (Li & Chang 

2005; Tajik et al. 2017; Farah & de Paula Lima 2019). Moreover, it has been shown that 

the variety, growing conditions and processing of coffee has a detrimental effect on the 

final C G A content (Perrone et al. 2008; Sherge et al. 2016; Fuller & Rao 2017). With 

coffee being the biggest source of C G A in human diet (Clifford 2000; Manach et al. 

2004), it is important to better understand the mechanisms of C G A extraction, in order 

to fully leverage these health benefits. 

52 



Interestingly, there was no statistically significant difference of caffeine and 

C G A extraction based on time in French press (3, 5 & 10 min) and temperature of water 

in Filtered coffee - V60 (80, 90 & 100 °C). Fuller & Rao also reported, that temperature 

of brew (hot & cold) had no effect on C G A and caffeine content. Moreover, Varady et 

al. observed little effects of brew temperature in drip coffee on total dissolved solids 

(Varady et al. 2022b). As C G A is freely soluble in water at room temperature (Budavari 

et al. 1996). While there are no measured kinetics of C G A extraction in hot water. The 

extraction of C G A in cold water is known to increase rapidly in the first 180 minutes 

and reach an equilibrium at approximately 400 minutes (Fuller & Rao 2017). Possibly 

suggesting that C G A solvability in hot water, at this grind setting, is fairly quick from 

the perspective coffee brewing. Moreover, the use of brewing water (tap & distilled) 

had no effect on C G A and caffeine extraction. Fibrianto et al. also reported that "taste 

and flavour attributes were not affected by the pH of brewing water within the range of 

5.5 to 9.1" (Fibrianto et al. 2018). 
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6. Conclusions 

Coffee is considered as one of the most popular beverages in the world and it is 

prepared using many brewing methods. It is important to highlight that these methods 

are crucial in the properties of the final product and may affect it in multitude of effects. 

This research focused on quantitative analysis of C G A content, caffeine content and pH 

in twelve brewing methods and their variances. Based on obtained results it can be said 

that pH values did not show significant differences between brewing methods. Using 

A N O V A single factor, we found out that C G A and caffeine content were both 

significantly different in analyzed samples. Especially Moka pot showing higher 

exactions of both compounds comparing to other methods. It has also been found that 

under these test conditions Espresso and Nespresso pod coffee showed great variance in 

results, due to abovementioned water channelling, displaying results of these brewing 

methods as unreliable. Although there were no statistical differences in C G A and 

caffeine contents in methods except Moka pot. Some certain variances were observed 

and show potential for further examinations on coffee brewing methods. 

Reviewing results and other research, it can be concluded that other variables 

affect C G A and caffeine extraction more than brewing techniques. As all caffeine levels 

measured in this work are in accordance with safety guidelines for pregnant and 

lactating women. Thus, the choice of homebrewing technique poses no significant 

health risk. Nevertheless, further research on caffeine extraction should be concluded, 

especially focusing on other variables. As excessive caffeine consumption could have 

potentially adverse health effects. Although moderate coffee consumption has many 

positive health benefits, some of which are linked to chlorogenic acids. Gaining a better 

understanding of these and other constituents in coffee, as well as their extraction into 

the beverage, should enhance comprehension of the health benefits associated with 

coffee. 

To conclude, it is important to understand that each cup of coffee is different in 

composition and size. Furthermore, individual sensitivity plays a great role in 

metabolization of active compounds in coffee. It is therefore necessary to raise 

awareness in general public that coffee consumption and its impact on health is highly 

individual. 
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