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ABSTRACT 

Millions of coffee cups are consumed every day around the world, producing spent 

coffee grounds in tons. Coffee is highly rich in antioxidants and part of them could still 

remain in spent coffee grounds after brewing process. Therefore, the objective of the 

present research was to evaluate the potential antioxidant, genoprotective and 

neuroprotective effects of spent coffee and to identify the main responsible compounds 

(chlorogenic acids, caffeine and melanoidins). For that purpose, chemical–based assays 

(ABTS, DPPH, total phenolics, ESR spectroscopy) and human cells culture assays 

(MTT, ROS and comet assay) were applied in spent coffee extracts from Arabica 

(Guatemala) and Robusta (Vietnam) coffee (medium roast) to generate scientific 

evidence supporting healthy-beneficial effects. Previously, extraction with neutral water 

(pH 7.0) in a filter coffeemaker (24g/400mL) was proposed as the best method to obtain 

spent coffee extracts with high antioxidant capacity  

All spent coffee extracts obtained from the most common coffeemakers (filter, espresso, 

plunger), with the exception of those from the mocha coffeemaker, have relevant 

antioxidant capacity due to the presence of hydrophilic antioxidants, both phenolics 

(mono- and dicaffeoylquinic acids) and nonphenolics. Spent coffee from filter and 

espresso coffeemakers were 4-7 fold richer in dicaffeoylquinic acids (3.31-5.79 mg/g 

spent coffee) than their respective coffee brews (0.22-1.94 mg/g coffee). The antioxidant 

capacities of the aqueous spent coffee extracts were 46.0-102.3 % (filter), 59.2-85.6 % 

(espresso), and <42 % (plunger) in comparison to their respective coffee brews. 

Data from cell culture assays supported the results obtained with chemical-based 

assays. Spent coffee extracts highly protected HeLa cells (derived from human cervical 

cancer) from H2O2-induced oxidative damage, as revealed by the decrease of 

intracellular generation of reactive oxygen species and DNA strand breaks (29-73 % 

protection). To a lesser extent, spent coffee also protected from induced oxidative DNA 

damage (FPG-sensitive sites, 11.5 % protection). However, spent coffee extracts were 

not able to protect neuroblastoma cells, before and after a simulated in vitro digestion. 

Therefore, spent coffee can be considered as a good source of hydrophilic bioactive 

compounds with antioxidant and strong genoprotective properties in human cells, 

revealing the potential use of these coffee byproducts in food and pharmaceutical 

industries or even to provide new strategies to protect against oxidative stress related 

diseases. 



RESUMEN 

Cada día se consumen en el mundo millones de tazas de café dando lugar a toneladas 

de residuos (posos). El café es muy rico en antioxidantes, pero parte de ellos, podría 

permanecer en los posos después de la preparación de la bebida. Por esta razón, el 

objetivo del presente trabajo de investigación fue evaluar el potencial efecto 

antioxidante, genoprotector y neuroprotector de los posos del café e identificar los 

principales compuestos responsables (ácidos clorogénicos, cafeína y melanoidinas). 

Para ello, se aplicaron tanto análisis químicos (ABTS, DPPH, polifenoles totales, y 

espectroscopía de resonancia) como ensayos en cultivos celulares (MTT, ROS y 

ensayo del cometa) a los extractos de posos de café Arabica (Guatemala) y Robusta 

(Vietnam) (tueste medio) para generar evidencias científicas que apoyen sus efectos 

beneficiosos para la salud. Previamente, la extracción con agua a pH neutro (pH 7.0) en 

una cafetera de filtro (24g/400mL) se propuso como el mejor método para obtener 

extractos de posos de café con alta capacidad antioxidante. 

Todos los extractos de posos de café procedentes de las cafeteras de uso más 

frecuente (filtro, expreso, émbolo), con excepción de los obtenidos a partir de la 

cafetera moka, tuvieron una alta capacidad antioxidante por la presencia de 

compuestos antioxidantes hidrofílicos, tanto fenólicos (ácidos mono- y dicafeolquínicos) 

como no fenólicos. Los posos de café procedentes de las cafeteras filtro y expreso 

fueron de 4 a 7 veces más ricos en ácidos dicafeoilquínicos (3,31-5,79 mg/g posos de 

café) que sus respectivas bebidas de café (0,22-1,94 mg/g café). La capacidad 

antioxidante de los extractos acuosos de posos de café fue 46,0-102,3 % (filtro), 59,2-

85,6 % (expreso), y <42 % (émbolo) en comparación con sus respectivas bebidas. 

Los resultados obtenidos con los cultivos celulares apoyaron los obtenidos con los 

ensayos químicos. En las células humanas HeLa (cáncer de cuello de útero), los 

extractos de posos de café mostraron una alta protección frente al daño oxidativo 

inducido por el H2O2, como se reveló por el descenso intracelular de las especies 

reactivas de oxígeno y frente a las roturas en el ADN (29-73 % protección). En menor 

medida, los posos de café también protegieron del daño oxidativo inducido en el ADN 

(lugares sensibles a la enzima FPG, 11,5 % protección). Sin embargo, los extractos de 

posos de café no fueron capaces de proteger a las células de neuroblastoma ni antes ni 

después del proceso de digestión in vitro. 



En conclusión, los posos de café pueden ser considerados una buena fuente de 

compuestos hidrofílicos bioactivos con propiedades antioxidantes y genoprotectoras en 

células humanas, revelando su potencial aplicación en la industria alimentaria y 

farmacéutica, o para proveer nuevas estrategias en la protección de enfermedades 

relacionadas con el estrés oxidativo. 
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8-oxoGua 8-oxoguanine 
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The coffee tree belongs to the family Rubiaceae, genus Coffea. More than 70 species 

have been identified; however the two main species commercially cultivated are Coffea 

arabica (known as Arabica) and Coffea robusta (Robusta). Arabica is the most highly 

regarded specie due to its aroma and is responsible for 75 % of the coffee world’s 

production, and Robusta, considered to be bitter but more resistant to disease, accounts 

for the rest. Arabica and Robusta coffees are different in many ways, including their 

ideal growing climates, physical aspects, chemical composition, and characteristics of 

the brew made with the ground roasted seeds (Farah, 2012). 

Coffee is the result of several technological steps from cultivation to beverage 

preparation. After harvesting, fruits undergo primary processing to separate the seeds. 

Secondary, the green coffee seeds are ready for roasting. Then, after roasting, the 

seeds can be ground and marketed as ground roast coffee or used for instant coffee 

production. 

Coffee production starts with cultivation and harvesting. Coffee cherries are the raw fruit 

of the coffee plant, which has a green outer skin that turns red-violet or deep red when 

ripe (Figure 1A). The berry encloses the sweet mesocarp or pulp. Inside the pulp there 

are the seeds which consist in two elliptical beans with flattened adjacent sides. Each 

bean is in turn coated by a yellowish transparent spermoderm or silverskin. Covering 

both beans and separating them from each other is the resistant and fibrous endocarp, 

called parchment (Figure 1B) (Belitz et al., 2009). 

 

   

 

Figure 1. A) Coffee cherries and B) Longitudinal se ction of a coffee cherry 

(according to Belitz, 2009) 

A) B) 
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The processing of coffee initiates with the conversion of coffee cherries into green 

coffee beans, and starts with the removal of the pulp from cherries by using one of the 

two following methods: dry or wet processing. Depending upon the method of coffee 

berries processing, dry or wet process, the solid residues (by-products) obtained are 

termed as husk or pulp, respectively (Pandey et al., 2000). In dry method, harvested 

berries are dried on terraces under the sun or in mechanical dryers. After drying, 

dehulling machines remove the dried husks and the parchment and, as much as 

possible, the silverskin. The wet method is more sophisticated and normally generates a 

better quality coffee (Chu, 2012). The pulping process consists in the removal of the 

skin and the pulp by pressing the fruit in water through a screen (by using a pulper), 

followed by the removal of the mucilage from the parchment. The mucilage can be 

removed mechanically, by the use of chemical products, or by fermentation. Then, 

coffee beans are washed prior to dehydration. Once dried, the beans are dry processed, 

which consists mainly of the removal of the hull fraction. 

Coffee roasting process is another critical step in coffee processing, since characteristic 

aroma and flavour of coffee are developed, and affect the quality of the coffee and the 

excellence of the coffee beverage, as a consequence (Franca et al., 2005; Fujioka & 

Shibamoto, 2008). Moreover, many complex physical and chemical changes take place 

during roasting, including changes in colour from green to brown, size and shape of the 

bean. Chemical dehydration, fragmentation, recombination, polymerization reactions, 

and many of those associated with the Maillard reaction, are some of the reactions that 

occur during roasting. As a consequence of these reactions, some compounds are 

degraded and new ones are formed. The major compositional changes occurring are 

decreases in protein, amino acids, arabinogalactan, reducing sugars, trigonelline, 

chlorogenic acid, sucrose, and water and the formation of melanoidins (Parliment, 

2000). 

The main requirement to obtain an aromatic coffee beverage with a high content of 

flavouring and stimulant constituents is the intimate contact of water with roasted coffee 

solids (Petracco, 2001). This process has been the subject of substantial research and 

attempts to improve technologies to achieve the desired quality, taste, flavour, and 

physical properties of the final product. A variety of coffee preparation methods are used 

across countries and regions, ranging from traditional simple household methods to 

sophisticated extraction methods carried out with modern equipment.  
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The most popular coffee brew preparation is the filter one, but during the past few 

decades the consumption of espresso coffee has increased. Moreover, in Southern 

European countries such as Italy and Spain, the use of the mocha coffeemaker is much 

extended at the domestic level, and the plunger coffeemaker is being used more often 

for coffee aroma lovers (Pérez-Martínez et al., 2010). In the filter coffeemaker, medium 

ground coffee is spread in a paper filter which is placed in a cone-shaped holder and the 

holder placed on top of a glass jug. Boiled water is then poured into the filter and 

allowed to seep through. To make espresso, coarse or medium ground coffee is 

extracted briefly by water at approximately 90 ºC and 10 bars. To use mocha 

coffeemaker, pressure is applied to the water by simply boiling it in a kettle which 

contains a pressure valve. The water that is percolated through the coffee is 

continuously driven under pressure to the top compartment. In the plunger coffeemaker 

or French press, coarsely ground coffee and hot water are mixed together in a 

cylindrical glass beaker equipped with a plunger that has a mesh. After allowing the 

mixture stand in the beaker for a few minutes, the plunger and mesh filter are pushed 

down slowly (several seconds), allowing the brew to pass through (Petracco, 2001; 

Farah, 2012). 

Several technological factors such as the brewing procedure, the coffee/water ratio, 

water pressure and temperature, contact time, and grind size determine the type and 

amount of the substances extracted into the beverage. Overall, extraction yields range 

from 24.2% (espresso) to 31.4% (mocha) (Hatzold, 2012). Usually, extraction of water-

soluble components is greater at higher temperatures and pressures. Indeed, several 

authors have reported the increase of 5-caffeoylquinic acid (5-CQA), the most abundant 

phenolic compound in coffee, and caffeine with pressure and coffee/water ratio 

(Andueza et al., 2007; López-Galilea et al., 2007). On the other hand, the high pressure 

used to prepare espresso coffee and the absence of a filter made of paper or another 

lipophilic material to retain the lipids facilitates their extraction into the brew. Thus, 

unfiltered coffee and espresso coffee brews contain higher amounts of these 

compounds, including bioactive terpenes and sterols. 
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Biological activities of coffee 

Coffee brew is known as a stimulant, property mainly attributed to caffeine; however, the 

number of chemical compounds identified in this beverage is large and some of them 

have many beneficial attributes. Due to the importance of coffee beverage worldwide, 

extensive research has been conducted on the chemical composition, as well as on the 

potential beneficial and detrimental properties of coffee (Dorea & da Costa, 2005; 

Higdon & Frei, 2006; George et al., 2008; Nkondjock, 2009; Nkondjock, 2012; Bisht & 

Sisodia, 2013). 

Nowadays, coffee is considered a functional food, primarily due to its high content of 

compounds that exert antioxidant and other biological properties. Coffee has been 

proposed as the largest contributor of antioxidants from beverages in the Spanish diet 

(Pulido et al., 2003). Similar results were found in other countries, such as Italy and 

Norway, where coffee was the main source of antioxidants in the diet (Pellegrini et al., 

2003; Svilaas et al., 2004). 

There is increasing evidence that diet can play an important role in the prevention of 

several chronic diseases related with oxidative stress such as cardiovascular diseases, 

cancer, diabetes and neurodegenerative diseases (World Health Organization, 2004). A 

possible mechanism of antioxidants action in the prevention of these diseases is the 

decrease of oxidative stress, a condition that appears when an imbalance between the 

production of free radicals and antioxidant defences occurs. Free radicals, such as 

reactive oxygen species (ROS), damage macromolecules as proteins, lipids and DNA. 

DNA damage by ROS can contribute to the formation of single and double strand 

breaks (SBs), as well as to the oxidation of purine and pyrimidine bases, leading to 

genome instability and subsequent potential cancer development (Chobotova, 2009). 

The formation of 8-oxoguanine (8-oxoGua) by ROS oxidation of guanine is one of the 

most common DNA lesions. This is a potential biomarker of carcinogenesis because it is 

relatively easily formed and is mutagenic (Valko et al., 2007). 

The relationship between coffee and cancer holds great interest, given growing body 

evidence from epidemiological studies that suggest that coffee consumption is inversely 

associated with the risk of liver, kidney, endometrial, head and neck cancers, and to less 

extent, breast and colorectal cancers (Nkondjock, 2012). In addition, several 

epidemiological studies have shown that moderate coffee consumption reduces the risk 

of developing Parkinson’s disease (Ross et al., 2000; Ascherio et al., 2001), Alzheimer’s 
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disease (Lindsay et al., 2002; Barranco Quintana et al., 2007), and a recent 

epidemiological study indicates an inverse relationship between coffee and tea 

consumption and the risk of Amyotrophic Lateral Sclerosis (Beghi et al., 2011).  

Moreover, large prospective cohort studies in the Netherlands, US, Finland, and 

Sweden have found coffee consumption to be associated with significant dose-

dependent reductions in the risk of developing type 2 diabetes (van Dam & Hu, 2005). 

This relationship is one of the strongest and most consistent associations between 

diabetes risk and a dietary factor (Matusheski et al., 2012). Polyphenols and mainly 

chlorogenic acid, that are major components of coffee, have been reported to have 

potential cardiovascular benefits via antioxidant mechanisms related to LDL oxidation as 

well as NO bioavailability and blood pressure lowering (Bonita et al., 2007). 

The antioxidant effects of coffee have been studied in a number of in vitro and animal 

experiments and more recently also in humans. Somoza et al. (2003) using in vitro and 

in vivo techniques, demonstrated the strong antioxidant activity of coffee. In HT-29 cells, 

roasted coffee extracts protected against TBH-induced ROS level (Bakuradze et al., 

2010). Bichler and co-workers (2007) reported a significant reduction of the formation of 

oxidized purines and pyrimidines and also decreased sensitivity toward ROS (H2O2)-

induced DNA migration in human lymphocytes after consumption of coffee for 5 days. 

The evidence for protective effects of coffee, in particular paper filtered coffee, towards 

oxidative DNA-damage is also supported by the results found in a clinical trial by Misik 

et al. (2010). 

Several coffee compounds have been proposed as antioxidants, which are both 

naturally occurring and formed during the roasting process. Some of them are phenolic 

compounds, such as chlorogenic and hydroxycinnamic acids, originally present in green 

coffee, which remain in smaller amounts in roasted coffee (Crozier et al., 2009). 

Chlorogenic acids are esters formed between trans-cinnamic acids (e. g., caffeic, ferulic 

and p-coumaric) and quinic acid. The main subclasses of chlorogenic acids are 

caffeoylquinic acids, dicaffeoylquinic acids and feruloylquinic acids. Among these 

classes, caffeoylquinic acids account for approximately 80 % of the total content. These 

compounds have been shown to have antioxidant properties in both in vitro and in vivo 

studies. Daglia et al. (2004) tested in vitro and ex vivo specific antiradical activity against 

hydroxyl radicals and found that 5-CQA was the most active fraction. Thus, 5-CQA 

showed strong free radical scavenging and protective activities towards oxidative 

damage in PC12 cells (Pavlica & Gebhardt, 2005). In the same cells, Cho and co-
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workers (2009) found that instant decaffeinated coffee inhibits H2O2-induced apoptotic 

cell death by blocking the accumulation of intracellular ROS and that 5-CQA was largely 

responsible for these effects. In a human study, Hoelzl et al. (2010) indicated that 

consumption of instant coffee containing increased levels of chlorogenic acids causes 

protection against oxidative DNA-damage. 

The roasting process affects the antioxidant capacity of coffee due to the lost of natural 

antioxidants such as chlorogenic acids. It seems that, the contribution of chlorogenic 

acids to the antioxidant capacity of coffee decreases as the roasting degree increases, 

due to the loss of chlorogenic acids. However, several authors have reported that the 

overall antioxidant properties of coffee brews are maintained or even enhanced, due to 

the formation of compounds possessing antioxidant activity, including Maillard reaction 

products (MRPs) (Nicoli, et al., 1997; Daglia et al., 2000; del Castillo et al., 2002; Anese 

& Nicoli, 2003). Some of these products characterised as melanoidins, exhibit anti-

radical activity and are reported to be metal chelating agents formed in proportion to the 

intensity of roasting (Borrelli et al., 2002; Delgado-Andrade et al., 2005a; Delgado-

Andrade & Morales, 2005b; Morales et al., 2005). Moreover, during the past few years, 

some works have proposed that coffee melanoidins incorporate chlorogenic and 

hydroxycinnamic acids, contributing to the antioxidant capacity of coffee brews 

(Bekedam et al., 2008). In line with their antioxidant activity, some physiological effects 

of melanoidins have been stated such as induction of the chemopreventive enzyme 

system (Faist & Erbersdobler, 2001) and their protective effect agains lipid peroxidation 

in isolated rat hepatocytes (Valls-Bellés et al., 2004). Goya and co-workers (2007) 

showed that treatment of human hepatoma HepG2 cells with digested coffee melanoidin 

within a physiological range confers the cells protection against an oxidative insult by 

modulating reduced glutathione (GSH) concentration, malondialdehyde (MDA) 

production and antioxidant enzymes activity. Moreover, in a recent study, the 

intermediate and final MRPs have been found to contribute to the capacity of instant 

coffee to diminish DNA damage in HT-29 cells (Del Pino-García et al., 2012). 

The antioxidant capacity of coffee has also been attributed to caffeine. Shi & Dalal 

(1991) showed that caffeine was an efficient scavenger of hydroxyl radicals, and this 

result was supported by Devasagayam and co-workers (1996), who found that the 

antioxidant ability of caffeine was similar to that of the established biological antioxidant 

glutathione and significantly higher than ascorbic acid. Its capacity to protect against 

oxidative damage of calf thymus DNA and against radical induced migration in human 
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lymphocytes has been reported (Faustmann et al., 2009). Moreover, caffeine and its 

metabolites, are highly effective preventing LDL oxidation in vitro (Lee, 2000), as well as 

on oxidative DNA breakage by hydroxyl radicals (Azam et al., 2003). 

In addition to the roasting degree, the antioxidant capacity of coffee can be influenced 

by several factors, such as the variety and origin of coffee (Parras et al., 2007), the type 

of roast (conventional or torrefacto) and their blends (López-Galilea et al., 2006; López-

Galilea et al., 2008), and the brewing method applied for coffee brew extraction. Thus, 

Pérez-Martínez et al. (2010) showed that the mocha coffeemaker had the highest yield 

in coffee antioxidant extraction per gram of ground roasted coffee, but espresso coffee 

was the richest in terms of antioxidant intake (per milliliter of coffee brew) followed by 

mocha, plunger, and filter. 

 

Coffee by-products 

Nowadays, the great interest in the substitution of synthetic food antioxidants by natural 

ones has fostered research on vegetable sources and the screening of raw materials for 

identifying new antioxidants (Moure et al., 2001). Coffee is the second largest traded 

commodity in the world, after petroleum, and as a consequence a large amount of 

residues are generated by the coffee industry (Nabais et al., 2008). These residues can 

be divided in two categories: those generated in the producing countries, representing 

>50% of the coffee fruit mass, and those produced in the consuming countries. Thus, 

the major by-products of coffee processing industries are coffee pulp, coffee husk, 

silverskin and spent coffee (Figure 2). These by-products are in many cases not 

properly handled and represent an environmental concern. In the last decade, several 

strategies have been tentatively applied, particularly in the producing countries where 

the direct discarding of these residues has been the cause of numerous environmental 

problems over decades (Cruz et al., 2012). 

Coffee husks or pulp are by-products obtained from the processing of coffee cherries by 

dry or wet process, respectively. The composition of coffee husk differs from that of 

coffee pulp, although the nature of the compounds present in both are largely similar. It 

has not been possible a direct use of these coffee by-products for animal feed due to 

the presence of antiphysiological and antinutritional factors such as caffeine and tannins 

(Pandey et al., 2000). However, these coffee by-products offer potential opportunities to 

be used as substrates for the production of mushrooms (Murthy & Manonmani, 2008) 
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and also for bioprocesses such as enzyme production (Murthy et al., 2009; Murthy & 

Madhava Naidu, 2011). 

Coffee silverskin is a thin tegument of the outer layer of green coffee beans and a major 

by-product of the coffee roasting process. However, it has been proposed as a 

functional ingredient because of its potential prebiotic activity (Borrelli et al., 2004), its 

high content of soluble dietary fiber (Napolitano et al., 2007) and its marked antioxidant 

activity (Narita & Inouye, 2012). Antioxidant activity of coffee silverskin has been 

reported to be due to the high content in Maillard reaction products (generated during 

roasting) and also, to a lesser extent to phenolic compounds (Borrelli et al., 2004; 

Murthy & Madhava Naidu, 2012a). 

 

 

Figure 2. Coffee by-products 

 

The most important end-product obtained from the ground roasted coffee is coffee 

beverage. After its preparation, a large amount of residues, called spent coffee, are 

generated. These residues can be divided in two categories: spent coffee generated 

from the instant (soluble) coffee production (~50%), and spent coffee produced after the 

preparation of a cup of coffee. Despite being usually disposed of in sanitary landfills, it 

would be desirable to avoid the direct discharge of these coffee residues because their 

organic matter and the presence of potential toxic compounds, such as caffeine and 

tannins (Mussatto et al., 2011). 

Millions of coffee cups are consumed every day around the world producing spent 

coffee grounds in tons in restaurants and cafeterias, but also at domestic levels. 

Traditionally these residues have been considered as wastes, or occasionally used as 

fertilizer. During last decades, at industrial level several applications have been 

 Coffee pulp              Coffee husk                  Silverskin               Spent coffee     
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proposed to add value to coffee by-products originated from the fruit to roasted coffee 

(coffee pulp, husk, and silverskin) and even soluble coffee (spent coffee) (Esquivel et 

al., 2012; Murthy & Madhava Naidu, 2012a). For example, spent coffee from soluble 

coffee industry might be used for animal feed (Givens et al., 1986), biofuel, biodiesel or 

bioethanol production (Silva et al., 1998; Kondamudi et al., 2008) as adsorbent and 

activated carbon (Namane et al., 2005; Franca et al., 2009) but also to extract 

antioxidants or other bioactive compounds (Ramalakshmi et al., 2009; Mussatto et al., 

2011). 

Although the production of soluble (or instant) coffee originates a high effective 

extraction of coffee bioactive compounds, such as caffeine, chlorogenic acids, etc., 

limited amounts of these compounds still remains in spent coffee grounds and might be 

extracted with solvents (ethanol, methanol, etc.) (Yen et al., 2005; Ramalakshmi et al., 

2009). Similarly, the preparation of a cup of coffee originates spent coffee grounds 

which might also contain relevant amounts of bioactive compounds. However, the 

results of industry soluble coffee extraction can not be directly transfer to coffee brew 

preparation because there is a clear influence of (i) coffee brewing procedures, including 

different coffeemakers (López-Galilea et al., 2007; Pérez-Martínez et al., 2010) but also 

(ii) technological factors, such as water temperature and pressure, grinding, 

coffee/water ratio, etc. on the extraction of coffee compounds (Andueza et al., 2002; 

Andueza et al., 2003b; Andueza et al., 2003a; Andueza et al., 2007). However, to our 

best knowledge, only a few studies about the presence of phenolics in spent coffee 

grounds from espresso coffee (Cruz et al., 2012; Zuorro & Lavecchia, 2012; Panusa et 

al., 2013) have been found. Taking into account these facts, it could be expected that 

depending on the brewing procedure applied, the remained spent coffee will present 

quantitatively different amounts of unextracted coffee constituents. 
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Coffee is highly rich in antioxidants, but part of them could still remain in spent coffee 

grounds after brewing process. Therefore, spent coffee that is produced in tons by 

restaurants and cafeterias, and consumers at domestic levels, could be a good 

opportunity to have an important source of natural antioxidants. However, no studies 

about the health related phytochemicals of spent coffee from the most common 

coffeemakers, and its bioactivity, have been carried out. Thus, the general aim of this 

work was: 

The evaluation of the potential antioxidant, genopr otective and neuroprotective 

effects of spent coffee extracts and the identifica tion of the main responsible 

compounds. 

To achieve the general aim, four partial objectives were established: 

1. Development of the extraction methodology of spent coffee with antioxidant 

capacity 

• 1.1 Screening of the antioxidant capacity of coffees from different origins 

(Poster communication in National Conference and annexed paper). 

• 1.2 Selection of the optimal extraction conditions of spent coffee based on 

the antioxidant capacity (Paper 1). 

2. Evaluation of the antioxidant capacity and the main bioactive compounds 

(chlorogenic acids, caffeine and melanoidins) in spent coffee extracts (Paper 2). 

3 Evaluation of the potential antioxidant and genoprotective effects of spent coffee 

extracts in human cells (Paper 3). 

4 Evaluation of the potential neuroprotective capacity of spent coffee extracts in 

human cells. Influence of the in vitro digestion process (Paper 4, in preparation). 
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El café es un producto rico en antioxidantes, pero parte de ellos, podría permanecer en 

los posos después de la preparación de la bebida. Por tanto, los posos de café que se 

producen en grandes cantidades en restaurantes, cafeterías y a nivel doméstico, 

podrían ser una fuente importante de antioxidantes naturales. Sin embargo, no se han 

encontrado estudios acerca de los compuestos fitoquímicos de los posos de café 

procedentes de las cafeteras de uso más frecuente, y su bioactividad. Por esta razón, la 

presente tesis doctoral se ha planteado con el siguiente objetivo principal: 

Evaluar el potencial efecto antioxidante, genoprote ctor y neuroprotector de 

extractos bioactivos de subproductos de café (posos ) e identificar los principales 

compuestos implicados en dicha actividad. 

Para lograr este objetivo general se plantearon los siguientes objetivos parciales : 

1. Desarrollo de la metodología de extracción de posos de café con capacidad 

antioxidante. 

• 1.1 Screening de la capacidad antioxidante de cafés de diferentes orígenes 

(Comunicación en forma de póster en Congreso Nacional y publicación en 

anexo). 

• 1.2 Selección de las condiciones óptimas de extracción de posos de café 

en función de su capacidad antioxidante (Publicación 1). 

2. Evaluación de la capacidad antioxidante y presencia de compuestos bioactivos 

(ácidos clorogénicos, cafeína y melanoidinas) en extractos de posos de café 

(Publicación 2). 

3. Evaluación del potencial efecto antioxidante y genoprotector de extractos de 

posos de café en células humanas (Publicación 3). 

4. Evaluación de la potencial capacidad neuroprotectora de extractos de posos de 

café en células humanas. Influencia del proceso de digestión in vitro (Publicación 4, 

en preparación). 
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1.1. Screening of the antioxidant capacity of coffe es from different origins (Poster 

communication in National Conference and annexed pa per). 

1.1. Screening de la capacidad antioxidante de cafés de diferente s orígenes 

(Comunicación en forma de póster en Congreso Nacion al y publicación en 
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1.2 Selection of the optimal extraction conditions of spent coffee based on the 

antioxidant capacity (Paper 1). 

1.2 Selección de las condiciones óptimas de extracc ión de posos de café en 
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ABSTRACT  

Spent coffee that is produced in tons by restaurants and cafeterias, and consumers at 

domestic levels, could be a good opportunity to have an important source of natural 

antioxidants. The main aim of this work was to study the influence of several process 

factors on the antioxidant capacity extraction from spent coffee. Total phenolic 

compounds, radical scavenging activity (ABTS and DPPH) and browned compounds 

(Abs 420nm) of spent coffee extracts obtained with continuous (soxhlet 1h and 3h) and 

discontinuous methods (solid-liquid extraction and filter coffeemaker), several solvents 

(water, ethanol, methanol and their mixtures), successive extractions, and water with 

different pHs (4.5, 7.0 and 9.5) were carried out. Spent coffee extracts with the highest 

antioxidant capacity were obtained after one extraction with neutral water (pH 7.0) in a 

filter coffeemaker (24 g spent coffee per 400mL water). Furthermore, spent coffee 

defatting and extracts lyophilization allowed us to obtain spent coffee extracts powder 

with high antioxidant capacity that can be used as an ingredient or additive in food 

industry with potential preservation and functional properties. 

 

KEYWORDS: coffee, spent coffee, by-products, antioxidant, phenolic compounds, 

melanoidins. 
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1. INTRODUCTION 

The preparation of a good cup of coffee requires several technological steps from the 

coffee fruit. During coffee processing and roasting, some residues are generated. Coffee 

pulp, and cherry and parchment husks are produced in plantations to obtain green coffee 

beans. In the roasting process, the teguments of green coffee beans, named silverskin, 

are removed. And during the manufacture of soluble and concentrated coffee, wastes are 

produced in coffee industry. These coffee residues are frequently used by the industry as 

animal feed and fertilizer, but during last few years other more friendly environment 

uses, such as biofuel production have been proposed (Saenger, Hartge, Werther, Ogada, 

& Siagi, 2001; Silva, Nebra, Machado, & Sanchez, 1998). Furthermore, during the last 

few years an increasing number of studies have shown the presence of phytochemicals 

related with health benefits in coffee residues (Borrelli, Esposito, Napolitano, Ritieni, & 

Fogliano, 2004; Ramalakshmi, Jagan Mohan Rao, Takano-Ishikawa, & Goto, 2009). In 

the case of silverskin, some authors have demonstrated the presence of high amounts of 

dietary fiber as well as antioxidant activity (Borrelli et al., 2004; Napolitano, Fogliano, 

Tafuri, & Ritieni, 2007). Also in the residues obtained during processing of soluble 

coffee, antioxidant properties, which may be attributed to phenolic and nonphenolic 

compounds, have been found (Pushpa & Madhava Naidu, 2010; Ramalakshmi et al., 

2009; Yen, Wang, Chang, & Duh, 2005). Moreover, technological factors play an 

important role in antioxidants extraction during brewing process (Andueza, Vila, de 

Peña, & Cid, 2007; Pérez-Martínez, Caemmerer, De Peña, Cid, & Kroh, 2010) and, 

consequently, may influence on the presence of remained antioxidant compounds in 

spent coffee. For this reason, the results of the antioxidant activity reported for coffee 

residues from the soluble coffee industry can not be directly extrapolated to those spent 

coffee obtained with coffeemakers. 
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Spent coffee that is produced in tons by restaurants and cafeterias, and consumers at 

domestic levels, could be a good opportunity to have an important source of natural 

antioxidants, also from the economical point of view. However, studies about the health 

related phytochemicals, such as antioxidants of spent coffee obtained during brewing 

process have not been found. So that, previously it would be necessary to develop an 

easy, efficient, safe and cheap method to obtain spent coffee antioxidant extracts. In 

previous cited studies, the extraction of antioxidants from industry soluble coffee 

residues has been made for hours using continuous (soxhlet) and discontinuous 

methods, with different solvents, such as water, ethanol, methanol, n-hexane, 

isopropanol and their mixtures at different proportions. Moreover, the antioxidant 

activity has been also measured by different methods. For all these reasons, the main 

aim of this work was to study the influence of several process factors on the antioxidant 

capacity extraction from spent coffee in order to establish the most efficient procedure, 

i.e. for obtaining spent coffee extracts with the highest antioxidant capacity. 

Consequently, the antioxidant capacity of spent coffee extracts obtained with 

continuous and discontinuous methods, several solvents, successive extractions, and 

solvents with different pHs were compared and the most efficient extraction conditions 

have been selected. Moreover, the influence of spent coffee defatting and extracts 

lyophilisation on the antioxidant capacity have been also studied in order to obtain a 

new product that can be used as a natural antioxidant or ingredient with potential 

preservation or functional properties. 

 

2. MATERIALS AND METHODS 

2.1 Chemicals and Reagents. Methanol, ethanol and petroleum ether used were of 

analytical grade from Panreac (Barcelona, Spain). Folin-Ciocalteau reagent, sodium 
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carbonate, sodium bicarbonate, lactic acid and sodium hydroxide were also obtained 

from Panreac (Barcelona, Spain). Gallic acid, Trolox (6-hydroxy-2,5,7,8-tetramethyl 

chroman-2-carboxylic acid), 2,2’-Azinobis (3-ethylbenzothiazonile-6-sulfonic acid) 

diammonium salt (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH·) were purchased 

from Sigma-Aldrich (Steinheim, Germany).  

2.2 Spent Coffee preparation. Guatemala Arabica roasted coffee was provided by a 

local factory. Coffee beans were ground for 20 s using a grinder (model Moulinex super 

junior “s”). Filter coffee brew was prepared from 24 g of ground roasted coffee for a 

volume of 400 mL of water, using a filter coffeemaker (model AVANTIS 70 Inox, 

Ufesa, Spain). Extraction took approximately 6 min at 90ºC. Ground roasted coffee 

after brewing, namely spent coffee, was dried to a constant weight for 2 hours at 

102 ±3 ºC in an oven JP SELECTA (Barcelona, Spain). 

Spent coffee was defatted with Petroleum Ether (1:11, w/v) at 60 ºC for 3 h in a Soxhlet 

extraction system Extraction Unit B-811 Standard BÜCHI (Flawil, Switzerland). 

2.3 Spent Coffee Extracts Preparation. Three procedures were used to prepare spent 

coffee extracts: solid-liquid extraction, filter coffeemaker and Soxhlet extractor. Spent 

coffee extracts were prepared from 24 g of spent coffee for a volume of 400 mL in all 

cases. For solid-liquid extraction, spent coffee was mixed with water at 80 ºC for 

10 min, cooled in an ice bath for 10 min and filtered through Whatman No. 1 filter 

paper. For extraction with filter coffeemaker, spent coffee was extracted with water in a 

filter coffeemaker (model AVANTIS 70 Inox, Ufesa, Spain) for approximately 6 min at 

90 ºC. And for Soxhlet extraction, spent coffee was extracted with water at 100ºC, 

boiling for 15 min followed by reflux for 45 min (1 h of total extraction time) and for 

165 min (3 h) in a SOXTEST SX-6 MP, Raypa (Terrassa, Spain). 
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For the selection of solvent experiment, 400 mL of water, four different water:ethanol 

mixtures (80:20, 60:40, 40:60, 20:80), pure ethanol, two different water:methanol 

mixtures (30:70, 70:30), and pure methanol were used to extract 24 g of spent coffee by 

means of a filter coffeemaker (model AVANTIS 70 Inox, Ufesa, Spain) for 

approximately 6 min at 90ºC. 

For successive extractions study, 24 g of spent coffee was extracted five times with 400 

mL of water each time in a filter coffeemaker (model AVANTIS 70 Inox, Ufesa, Spain) 

for approximately 6 min at 90ºC. 

For the extraction with aqueous solutions at different pH, 400 mL of an acid solution 

(pH 4.5), water (pH 7), and alkaline solution (pH 9.5) were used to extract 24 g of spent 

coffee by means of a filter coffeemaker (model AVANTIS 70 Inox, Ufesa, Spain) for 

approximately 6 min at 90ºC. Acid solution (pH 4.5) was prepared with 36.03 mg of 

lactic acid and 6.99 mg Sodium Hydroxide. Alkaline solution (pH 9.5) was prepared 

with 1.68 g Sodium Bicarbonate and 3.77 g of Sodium Carbonate. 

For the last experiment, aqueous extracts from undefatted and defatted spent coffee 

were lyophilized using a CRYODOS Telstar (Terrassa, Spain). 

2.4 Total Phenolic Compounds. Total phenolic compounds were measured using the 

Folin-Ciocalteau reagent according to the Singleton´s method (Singleton & Rossi, 1965) 

and then calculated using Gallic Acid (GA) as standard. For every spent coffee extracts, 

3:10 dilutions with demineralized water were prepared. A volume of 500 μL of Folin-

Ciocalteau reagent was added to a mixture of 100 μL of the extract sample and 7.9 mL 

of demineralized water. After a 2 min delay, 1.5 mL of a 7.5% sodium carbonate 

solution was added. Next, the sample was incubated in darkness at room temperature for 

90 min. The absorbance of the sample was measured at 765 nm in a spectrophotometer 

Lambda 25 UV/VIS (Perkin Elmer Instruments, Madrid, Spain). Gallic Acid was used 
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as reference, and the results were expressed as milligrams of GA per gram of spent 

coffee dry matter (mg GA / g dm) 

2.5 Antioxidant Capacity by ABTS Assay. The ABTS antioxidant capacity was 

performed according to the method of Re et al. (1999). The radicals ABTS·+ were 

generated by the addition of 0.36 mM potassium persulfate to a 0.9 mM ABTS solution 

prepared in phosphate buffered saline (PBS) (pH 7.4), and the ABTS·+ solution was 

stored in darkness for 12 h. The ABTS·+ solution was adjusted with PBS to an 

absorbance of 0.700 (± 0.020) at 734 nm in a 3 mL capacity cuvette (1 cm length) at 

25ºC (Lambda 25 UV-VIS spectrophotometer, Perkin-Elmer Instruments, Madrid, 

Spain). An aliquot of 100 µL of each spent coffee extract sample diluted with 

demineralized water (3:100) was added to 2 mL of ABTS··+ solution. The absorbance 

was measured spectrophotometrically at 734 nm after exactly 18 min. Calibration was 

performed with Trolox solution (a water-soluble vitamin E analogue), and the 

antioxidant capacity was expressed as micromoles of Trolox per gram of spent coffee 

dry matter (μmol Trolox / g dm). 

2.6 Antioxidant Capacity by DPPH Assay. The antioxidant capacity was also 

measured using 2,2-diphenyl-1-picrylhydrazyl (DPPH·) decolorization assay (Brand-

Williams, Cuvelier, & Berset, 1995). A 6.1 x 10-5 M. DPPH· methanolic solution was 

prepared immediately before use. The DPPH· solution was adjusted with methanol to an 

absorbance of 0.700 (± 0.020) at 515 nm in a 3 mL capacity cuvette (1 cm length) at 

25 ºC (Lambda 25 UV-VIS spectrophotometer, Perkin-Elmer Instruments, Madrid, 

Spain). Spent coffee extracts were diluted 3:10 in demineralized water prior to analysis. 

Samples (50 μL) were added to 1.95 mL of the DPPH· solution. After mixing, the 

absorbance was measured at 515 nm after exactly 1 min and then every minute for 

18 min. Calibration was performed with Trolox solution (a water-soluble vitamin E 
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analogue). The antioxidant capacity was expressed as micromoles of Trolox per gram of 

spent coffee dry matter (μmol Trolox / g dm). 

2.7 Browned Compounds (Abs 420 nm). Fifty microliters of spent coffee extracts was 

diluted up to 2 mL with demineralized water. Browned Compounds were measured by 

the absorbance of samples at 420 nm, after exactly 2 minutes in a 3 mL capacity cuvette 

(1 cm length) with a Lambda 25 UV-vis spectrophotometer (Perkin-Elmer Instruments, 

Madrid, Spain) connected to a thermostatically controlled chamber (25 ºC) and 

equipped with UV WinLab software (Perkin Elmer). This measurement was employed 

as a convenient index of the development of caramelization and Maillard reactions 

(MRs) (Meydav, Saguy & Kopelman, 1977). 

2.8 Statistical analysis. Each parameter was analyzed in triplicate. Results are shown as 

means ±standard deviations. A one-way ANOVA was applied for each parameter in 

each study. A T-Tukey test was applied as a test a posteriori with a level of significance 

of 95%. All statistical analyses were performed using the SPSS v.15.0 software 

package. 

 

3. RESULTS AND DISCUSSION 

3.1 Influence of extraction system. Three different extraction methods were selected to 

prepare spent coffee extracts: solid-liquid extraction, filter coffeemaker and soxhlet 

extraction system. The first, solid-liquid extraction, is frequently used by several 

authors to obtain concentrated coffee extracts (Anese & Nicoli, 2003; Budryn et al., 

2009; del Castillo, Ames, & Gordon, 2002; López-Galilea, Andueza, di Leonardo, de 

Peña, & Cid, 2006). The filter coffeemaker is the most commonly used brewing 

procedure and one of the most efficient method to extract the antioxidant activity of 

ground roasted coffee (Parras, Martínez-Tomé, Jiménez, & Murcia, 2007; Pérez-
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Martínez et al., 2010; Sánchez-González, Jiménez-Escrig, & Saura-Calixto, 2005). 

Soxhlet system is frequently used as a continuous method to extract fat or lipophilic 

compounds, including antioxidants, with organic solvents in several food systems 

(Chung, Ji, Canning, Sun, & Zhou, 2010; Yu, Haley, Perret, Harris, & Wilson, 2002), 

but rarely used to prepare extracts from coffee (Ramalakshmi, Rahath Kubra, & Jagan 

Mohan Rao, 2008). In this work, for soxhlet extraction technique two extraction times 

(1 and 3 hours) were applied in order to assure a high antioxidant activity extraction and 

to know the efficiency of this extraction method. In all extraction methods, spent coffee 

obtained by filter coffeemaker from Guatemala Arabica coffee was extracted with water 

at identical proportion of spent coffee:water (1:17) to reduce the variability induced by 

the coffee/water ratio (Andueza, Maeztu, Pascual, Ibanez, de Peña, & Cid, 2003; López-

Galilea, de Peña, & Cid, 2007).  

The antioxidant capacity of the different spent coffee extracts analyzed by colorimetric 

assays (Folin-Ciocalteau, ABTS and DPPH) and the amount of browned compounds 

(Abs 420 nm) are shown in Table 1. Total phenolic compounds of spent coffee extracts 

were in the range of 10.20-17.44 mg GA per gram dm. With the exception of solid-

liquid extraction, which showed significantly (p<0.05) higher amount of phenolic 

compounds, similar results were reported by other authors (Pushpa & Madhava Naidu, 

2010; Ramalakshmi et al., 2009). The total phenolic compounds amount of spent coffee 

extract obtained by solid-liquid extraction, was followed by the extracts obtained using 

filter coffeemaker and soxhlet during 3 h with no significant differences (p>0.05) 

between them. Solid-liquid was also the most efficient in browned compounds 

extraction measured by the absorbance at 420nm. Browned compounds include those 

originated from Maillard reactions, such as melanoidins, during coffee roasting process. 

These compounds might contribute to the highest total phenolic compounds result 

 9



because it has been demonstrated that Folin-Ciocalteau assay evaluates not only the 

phenolic compounds but also the reducing or antioxidant capacity of other nonphenolic 

chemical compounds, such as Maillard reaction products (Pérez-Martínez et al., 2010). 

Browned compounds were in the range of 0.090-0.160 Abs 420 nm showing 2 to 3-fold 

lower values than filter coffee brews (López-Galilea et al., 2007).  

The antioxidant capacity was also measured by chain-breaking activity that allows 

evaluation of the quenching rate of coffee compounds toward two reference radicals 

2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and 2,2-diphenyl-1-

picrylhydrazyl (DPPH). The decay of the radicals caused by the presence of 

antioxidants in a sample is monitored by the decolourization at 734 nm and 515 nm, 

respectively, in a spectrophotometer and compared to those of a Trolox solution. The 

results of ABTS assay were in the range of 92.98-140.30 µmol Trolox per gram dm and 

those of the DPPH assay were in the range of 38.65-82.40 µmol Trolox per gram dm. In 

both parameters, spent coffee extracts obtained with filter coffeemaker showed the 

highest values of radical scavenging activity followed by those prepared with the solid-

liquid extraction system, and the soxhlet extractor at 3h and at 1h. Although, these 

results were 2.5 to 3.8-fold lower than those of filter coffee brews obtained with the 

same coffee/water ratio (Pérez-Martínez et al., 2010), they showed that free radical 

scavenging compounds still remain in spent coffee and they may be extracted. 

In conclusion, the use of a filter coffeemaker can be proposed as the most efficient 

method to extract the antioxidants of spent coffee because it showed the highest values 

in both radical scavenging assays, and the second highest in total phenolic compounds. 

Furthermore, the extraction time with the filter coffeemaker was the shortest, 

approximately 6 min, in comparison to 10 min for the solid-liquid system and 1h and 3h 

for the Soxhlet extractor. Consequently, the filter coffeemaker was selected as the most 
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efficient and fast extraction method for obtaining spent coffee extracts in subsequent 

experiments.  

3.2 Influence of solvents. The antioxidant capacity of spent coffee extracts prepared 

with different solvents (water, ethanol, methanol and their mixtures) was analyzed by 

colorimetric assays (Folin-Ciocalteau, ABTS and DPPH) (Table 2). Polar solvents were 

chosen because other authors (Ramalakshmi et al., 2008) found that phenolic 

compounds are extracted in increasing amounts with solvent polarity in green coffee 

beans extracts.  

As shown in Table 2, the results were in the range of 2.65-17.48 mg GA, 41.87-

152.64 µmol Trolox and 5.02-73.85 µmol Trolox per gram dm, for total phenolic 

compounds, ABTS and DPPH, respectively. The spent coffee extract obtained with pure 

ethanol showed significantly (p<0.05) lower results of antioxidant activity in 

comparison with pure water and water:ethanol mixtures. This could be because ethanol 

precipitates high molecular weight melanoidins (Bekedam, Schols, Van Boekel, & 

Smit, 2006) and then these compounds, together with the phenolics binding by them, 

could not be extracted. Thus, it could be said that water is necessary to extract more 

phenolic and nonphenolic antioxidants from spent coffee. The highest values of 

antioxidant capacity measured by total phenolic compounds and ABTS were found in 

the spent coffee extract obtained with 40:60 water:ethanol and 80:20 water:ethanol 

mixtures, whereas for DPPH the highest results were found in the extracts with pure 

water. In Table 2, it can be also observed that methanol decreased the extraction of 

radical scavenging compounds from spent coffee in comparison with pure water spent 

coffee extracts, showing that water is crucial for antioxidants extraction. Also Bekedam, 

Roos, Schols, Van Boekel, & Smit (2008a) observed that water, in methanol:water 

mixtures, is necessary to extract low molecular weight melanoidins. These melanoidins 
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have higher phenolic compounds linked to their core than high molecular weight 

melanoidins showing a higher contribution to the antioxidant capacity of coffee extracts 

(Bekedam, Schols, Van Boekel, & Smit, 2008b; Delgado-Andrade, Rufían-Henares, & 

Morales, 2005). 

All these results agree with those observed by other authors who found the highest 

antioxidant yields in extracts obtained with water from roasted coffee residues (Yen et 

al., 2005) or with the highest amount of water in alcoholic mixtures from green coffee 

(Madhava Naidu, Sulochanamma, Sampathu, & Srinivas, 2008). Moreover, both 

chlorogenic acids and melanoidins were found to be in lower amounts in ethanolic 

extracts than in water extracts from green and roasted coffee showing that these 

antioxidants were better soluble in water (Budryn et al., 2009). 

In conclusion, water was selected as the solvent to be used in subsequent studies mainly 

because its high efficiency to extract antioxidants. In addition, water extracts had higher 

yields (90% v/v) than ethanolic and methanolic extracts (65% v/v). Moreover, the use of 

water is more convenient than alcohols from safety and toxicological points of view, 

both in the laboratory and in the food industry in order to obtain antioxidant spent 

coffee extracts and to use them as a food natural additive or ingredient. 

3.3 Influence of successive extractions. After analyzing and checking the antioxidant 

capacity of the first extraction of spent coffee, the next step in this study was to prove if 

remaining by-products still had antioxidants that may be extracted in significant 

amounts. For this study, spent coffee (24g) was extracted five times with water (400 

mL) in a filter coffeemaker for approximately 6 min at 90ºC. In each extract, the 

antioxidant capacity measured by colorimetric assays (Folin-Ciocalteau, ABTS and 

DPPH), and browned compounds (Abs 420nm) were analyzed. Figure 1 and Figure 2 

show the results of total phenolic (Figure 1a) and browned compounds (Figure 1b), and 
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the radical scavenging antioxidant capacity by ABTS (Figure 2a) and DPPH (Figure 2b) 

assays in the five spent coffee water extracts. In all parameters, the results of the first 

extraction were considerably higher than the others. Moreover, after the second water 

extraction of spent coffee only traces values of antioxidant capacity and browned 

compounds were observed. In fact, phenolic compounds in the second water extraction 

only accounts for 15% of those found in the first spent coffee extraction. Budryn et al. 

(2009) also observed that chlorogenic acids were in very low amounts in ethanolic 

extracts from spent coffee, maybe because spent coffee was previously washed three 

times with water, but also because ethanol is not a good solvent to extract antioxidants 

as it was discussed before. In ABTS and DPPH assays, the first extraction showed 

values of 140.30 and 82.40µmol Trolox per gram dm, whereas the antioxidant capacity 

of the next extracts was less than 14% and 11%, respectively. However, browned 

compounds of the second water extraction of spent coffee were found in greater 

proportion (33%) in comparison to the other parameters. This could be due both (1) 

because contribution of the roasting-induced antioxidant to the overall antioxidant 

capacity of coffee extracts is rather limited (Bekedam et al., 2008a; Pérez-Martínez et 

al., 2010) and (2) because melanoidins with higher antioxidant activity or with higher 

phenolics binding capacity, like low molecular weight melanidins(Bekedam et al., 

2008b; Delgado-Andrade et al., 2005), were extracted better in the previous water 

extracts (coffee brew and first spent coffee extraction). As far as our knowledge, there 

are not any other works on coffee that obtain successive extractions and study them 

individually. In other papers, only one extract was obtained (Ramalakshmi et al., 2009; 

Yen et al., 2005), or all extracts were merged into one for analysis (Madhava Naidu et 

al., 2008). 
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According to all these results, only the first extraction was selected as the most efficient 

to extract the antioxidants from spent coffee. Moreover, it should be taking into account 

that the addition of the second or further water extracts to the first one would dilute the 

antioxidants. In this case, to obtain a powder that could be used as food ingredient or 

additive, more intensive conditions of dehydratation should be needed. Therefore, the 

next experiments were performed only with the first water extraction. 

3.4 Influence of water pH. Acid water is normally used to extract the phenolic acids in 

coffee in order to be analyzed (Maeztu, Andueza, Ibañez, de Peña, Bello, & Cid, 2001; 

Pérez-Martínez, Sopelana, de Peña, & Cid, 2008). For this reason, the use of an acid 

water pH could be proposed as a good strategy to obtain spent coffee extracts with 

higher antioxidant capacity. So that, at the present study, the influence of the water pH 

on the antioxidant capacity of spent coffee water extracts has been studied. Three spent 

coffee extracts with acid water (pH 4.5), neutral water (pH 7.0) and alkaline water 

(pH 9.5) were obtained following the same procedure described before. The pH 

selection was based on the values established by the Council Directive 98/83/EC for 

water for human consumption that must be from 6.5 to 9.5. However, for still water put 

into bottles or containers, the minimum value may be reduced to 4.5 pH units (The 

Council of the European Union, 1998).  

Table 3 shows the results of the antioxidant capacity (total phenolic compounds, ABTS 

and DPPH tests) and browned compounds (Abs 420nm) in spent coffee extracts 

obtained with different water pH. The increase of the pH in water used to obtain spent 

coffee extracts increased antioxidant capacity and browned compounds. In fact, spent 

coffee extract obtained with alkaline water (pH 9.5) had the highest antioxidant capacity 

followed by samples extracted with neutral (pH 7.0) and acid water (pH 4.5) in Folin-

Ciocalteau and ABTS assays. However, spent coffee extract obtained with neutral water 
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(pH 7.0) was the most antioxidant extract in the DPPH assay. The absorbance at 420 nm 

of spent coffee extracts obtained with alkaline water (pH 9.5) was extremely high giving 

a very dark brown colour to the extract, and showing higher extraction of Maillard 

reaction products, such as melanoidins. Moreover, the unpleasant aroma of this extract 

clearly indicates that there were some chemical reactions that induced the formation or 

extraction of chemical compounds uncommonly present in coffee brews and extracts. 

These results disagree with the findings in previous studies, which showed that acid pH 

(below 5) extracted the highest amounts of phenolic antioxidants in green tea 

(Zimmermann & Gleichenhagen, 2011). Nevertheless, in other study developed by 

Pérez-Martínez et al. (2010), an increase in the antioxidant capacity of coffee brew was 

found when there was a limited increase in the pH (5.2 to 5.4) due to the addition of pH-

regulator agents to extent coffee brew self-life. These discrepancies might be explained 

by the fact that the antioxidant capacity of coffee, and consequently spent coffee, is due 

to both phenolics and Maillard reaction products. For that reason, even acid water may 

facilitate phenolics extraction, the extraction of browning compounds (Maillard reaction 

products and others) seems to be increased with higher pH. In conclusion, the water pH 

selected for extraction of antioxidants from spent coffee was neutral (7.0).

3.5 Influence of defatting and lyophilization. Defatting process with organic solvents 

is normally used to remove fatty compounds in coffee before extraction of antioxidants 

or other coffee compounds, such as melanoidins, (Bekedam et al., 2008a; Nunes & 

Coimbra, 2007; Ramalakshmi et al., 2009; Rufian-Henares & Morales, 2008). However, 

this process might influence on the antioxidant capacity of remained coffee samples 

because some organic antioxidants can be also removed. On the other hand, defatting 

process can also prevent fat rancidity and radicals formation during long storage of 

spent coffee extracts. The lyophilization not only avoids the microorganism growth 
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extending self-life, but also facilitates the handling of spent coffee extracts in powder 

for further applications, for instance as an ingredient or an additive in food industry. 

However, as far as our knowledge, the influence of both processes (defatting and 

lyofilization) on the antioxidant capacity of spent coffee extract has not been studied 

before.  

In this work, the last step for selection and optimization of the most efficient extraction 

method of antioxidants from spent coffee was to study the influence of defatting process 

and lyophilization on the antioxidant capacity of spent coffee water extracts. Three 

different extracts were prepared: defatted with petroleum ether using a Soxhlet extractor 

for 3h, lyophilized, and defatted and lyophilized spent coffee water extracts. The total 

phenolic compounds, ABTS, DPPH and browned compounds were analyzed in these 

extracts and the results were compared to a control spent coffee extract prepared as 

described before. The results of Table 4 show that the antioxidant capacity of spent 

coffee extracts was not negatively affected with deffating and lyophilization. In fact, a 

significantly (p<0.05) increase in all the parameters was observed when spent coffee 

was defatted and the extracts were lyophilized. Thus, both processes can be proposed as 

good strategies to preserve the antioxidant capacity of spent coffee water extracts. 

Focused on radical scavenging activity of spent coffee extracts, it could be said that 

defatting process influenced more than lyophilization. Actually, in DPPH assay only 

significant differences (p<0.05) were found between defatted and undefatted samples, 

and also results in ABTS for defatted extracts were higher than those of the undefatted 

ones. Thus, the removal of fat could facilitate the water soluble antioxidants extraction. 

 

4. CONCLUSIONS 
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In conclusion, the results achieved in this study indicate that filter coffeemaker is the 

most efficient extraction system for obtaining spent coffee extracts with high 

antioxidant capacity. Among different solvent mixtures (water, ethanol and methanol), 

water is showed as the most convenient solvent in order to obtain high antioxidant 

capacity extracts from spent coffee. Moreover, only the first extraction with water is 

enough to extract a significantly high amount of antioxidants from spent coffee. The 

variation of the extraction water pH showed that alkaline water (pH 9.5) extracted the 

highest antioxidant capacity, nevertheless the changes of the organoleptic characteristics 

lead to the selection of water with neutral pH (7.0) as the best option. Finally, the 

application of defatting and lyophilization processes had the ability to increase the 

antioxidant capacity of spent coffee extracts, being an added value to the samples 

preservation and allowed us to obtain spent coffee extracts powder that can be used as 

an ingredient or additive in food industry with potential preservation and functional 

properties.  
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Table 1. Antioxidant Capacity of spent coffee water extracts obtained by different 

extraction systems. 

 

Total phenolic 
compounds  

(mg GA / g dm)          

ABTS  
(µmol Trolox/ g dm)

DPPH  
(µmol Trolox/ g dm) 

Browned 
compounds 

(Abs 420nm) 
Solid-liquid extraction 17.44 ± 0.26c 128.33 ± 0.80c 66.38 ± 0.57c 0.160 ± 0.000d

Filter coffeemaker 13.94 ± 0.88b 140.30 ± 2.80d 82.40 ± 2.86d 0.100 ± 0.002b

Soxhlet 1 h 10.20 ± 0.01a   92.98 ± 2.45a 38.65 ± 1.21a 0.110 ± 0.000c

Soxhlet 3 h 13.58 ± 0.23b 110.35 ± 1.40b 58.00 ± 0.43b 0.090 ± 0.000a

All values are shown as means ± standard deviations (n=3). In each column, different superscripts indicate significant 
differences (p<0.05) among extraction system procedures. 
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Table 2. Antioxidant Capacity of spent coffee extracts obtained with different solvents 

in filter coffeemaker. 

Solvent Ratio of Solvent 
(%) 

Total phenolic 
compounds 

(mg GA / g dm) 

ABTS 
(µmol Trolox/ g dm) 

DPPH 
(µmol Trolox/ g dm) 

Water 100 13.94 ± 0.88d 140.30 ± 2.80e 82.40 ± 2.86g

    
Water:Ethanol 80:20 17.01 ± 0.09fg 152.64 ± 3.58f 61.99 ± 2.51d

 60:40 13.48 ± 0.31d 124.47 ± 2.12d 69.08 ± 1.44ef

 40:60 17.48 ± 0.21g 151.72 ± 2.07f 73.85 ± 0.77f

 20:80 14.91 ± 0.67e 135.19 ± 4.05e 46.83 ± 1.78c

 0:100   2.65 ± 0.10a   15.31 ± 0.31a   5.02 ± 0.11a

    
Water:Methanol 70:30 16.03 ± 0.16f 133.45 ± 1.03de 67.32 ± 1.45de

 30:70 12.20 ± 0.26c 111.20 ± 0.48c 35.45 ± 1.61b

 0:100   7.37 ± 0.66b   41.87 ± 8.82b 29.70 ± 5.03b

All values are shown as means ± standard deviations (n=3). In each column, different superscripts indicate significant 
differences (p<0.05) among spent coffee extracts. 
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Table 3. Antioxidant Capacity of spent coffee extracts obtained with different water pH 

in filter coffeemaker. 

 

Total phenolic 
compounds  

(mg GA / g dm) 

ABTS  
(µmol Trolox/ g dm) 

DPPH  
(µmol Trolox/ g dm) 

Browned 
compounds 

(Abs 420nm) 
pH 4.5   8.17 ± 0.07a   81.97 ± 0.63a 37.14 ± 2.06a 0.061 ± 0.001a

pH 7.0 13.94 ± 0.88b 140.30 ± 2.80b 82.40 ± 2.86c 0.100 ± 0.002b

pH 9.5 19.01 ± 0.04c 190.00 ± 4.05c 64.97 ± 3.85b 0.582 ± 0.003c

All values are shown as means ± standard deviations (n=3). In each column, different superscripts indicate significant 
differences (p<0.05) among spent coffee extracts. 
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Table 4. Antioxidant Capacity of spent coffee water extracts applying defatting and 

lyophilization processes. 

 

Total phenolic 
compounds  

(mg GA / g dm)        

ABTS  
(µmol Trolox/ g dm) 

DPPH  
(µmol Trolox/ g dm) 

Browned 
compounds 

(Abs 420nm) 
Control 13.94 ± 0.88a 140.31 ± 2.80a   82.40 ± 5.19a 0.100 ± 0.002a

Defatted 23.43 ± 0.06b 218.38 ± 0.55c 110.33 ± 1.97b 0.156 ± 0.003c

Lyophilized 23.74 ± 0.05b 205.06 ± 6.32b   88.55 ± 5.52a 0.139 ± 0.002b

Defatted-Lyophilized 24.60 ± 0.18b 215.12 ± 2.18c 112.06 ± 2.21b 0.132 ± 0.006b

All values are shown as means ± standard deviations (n=3). In each column, different superscripts indicate significant 
differences (p<0.05) among spent coffee extracts. 
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FIGURE CAPTIONS 

Figure 1. Total phenolic compounds (a) and browned compounds (b) extracted from 

successive water extractions of spent coffee in filter coffeemaker. 

Figure 2. ABTS antioxidant capacity (a) and DPPH antioxidant capacity (b) extracted 

from successive water extractions of spent coffee in filter coffeemaker. 
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Figure 1. Total phenolic compounds (a) and browned compounds (b) extracted from 

successive water extractions of spent coffee in filter coffeemaker. 
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Figure 2. ABTS antioxidant capacity (a) and DPPH antioxidant capacity (b) extracted 

from successive water extractions of spent coffee in filter coffeemaker. 
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ABSTRACT 

The main hydrophilic antioxidant compounds (3-, 4- and 5-monocaffeoylquinic and 3,4-

, 3,5- and 4,5-dicaffeoylquinic acids, caffeine and browned compounds, including 

melanoidins) and the antioxidant capacity (Folin-Ciocalteau, ABTS, DPPH, Fremy´s 

salt and TEMPO) were evaluated in Arabica and Robusta spent coffee obtained from 

the preparation of coffee brews with the most common coffeemakers (filter, espresso, 

plunger and mocha). All spent coffee grounds, with the exception of those from mocha 

coffeemaker, had relevant amounts of total caffeoylquinic acids (6.22–13.24 mg/g of 

spent coffee), mainly dicaffeoyquinic acids (3.31-5.79 mg/g of spent coffee) which were 

4-7 fold higher than in their respective coffee brews. Caffeine was ranged from 3.59 to 

8.09 mg/g of spent coffee. The antioxidant capacity of the aqueous spent coffee extracts 

was 46.0-102.3% (filter), 59.2-85.6% (espresso), and less than 42% (plunger) in 

comparison to their respective coffee brews. This study allowed us to obtain spent 

coffee extracts with antioxidant properties that can be used as a good source of 

hydrophilic bioactive compounds. 

 

KEYWORDS: 

Coffee; Spent Coffee; By-products; Bioactive Compounds; Chlorogenic Acids; 

Antioxidant 
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Introduction 

Millions of coffee cups are consumed every day around the world producing spent 

coffee grounds in tons in restaurants and cafeterias, but also at domestic levels. 

Traditionally these residues have been considered as wastes, or occasionally used as 

fertilizer. During last decades, at industrial level several applications have been 

proposed to add value to coffee by-products originated from the fruit to roasted coffee 

(coffee pulp, husk, and silverskin) and even soluble coffee (spent coffee).1, 2 For 

example, spent coffee from soluble coffee industry might be used for animal feed,3 

biofuel, biodiesel or bioethanol production,4, 5 as adsorbent and activated carbon,6, 7 but 

also to extract antioxidants or other bioactive compounds.8, 9 

Although the production of soluble (or instant) coffee originates a high effective 

extraction of coffee bioactive compounds, such as caffeine, chlorogenic acids, etc., 

limited amounts of these compounds still remains in spent coffee grounds and might be 

extracted with solvents (ethanol, methanol, etc.).8, 10 Similarly, the spent coffee grounds 

originated by the preparation of a cup of coffee might also contain relevant amounts of 

bioactive compounds. However, a direct transfer of the results of industry soluble coffee 

extraction to coffee brew preparation is not possible because, despite the type of coffee, 

there is a clear influence of (i) different coffee brewing procedures, including different 

coffeemakers,11, 12 but also (ii) technological factors, such as water temperature and 

pressure, coffee/water ratio, grinding, etc. on the extraction of coffee compounds.13-16 

Currently, to our best knowledge, only few studies about the presence of phenolics in 

spent coffee grounds from espresso coffee,17, 18 and the preparation of extracts with 

antioxidant capacity from spent coffee grounds obtained by filter coffee brewing have 

been found.19 
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On the other hand, the increasing demand for foodstuffs free of artificial additives or 

with nutritional or healthy added values, induces to food industry (and also to the 

pharmaceutical one) to find new sources of antioxidants and bioactive compounds. For 

that reason, the knowledge of the main bioactive compounds extracted from spent 

coffee grounds would give them a higher value. Therefore, the aim of this work was to 

quantitate the main bioactive compounds (caffeoylquinic acids, caffeine and browned 

compounds, including melanoidins) in spent coffee obtained from the preparation of 

coffee brews with the most common coffeemakers (filter, espresso, plunger and mocha), 

and to evaluate their antioxidant capacity. This study allows us to know whether the 

residues generated during coffee brewing procedure, produced in large amounts in 

cafeterias and restaurants, or at domestic levels, can be considered as a source of natural 

antioxidants.  

 

Materials and methods 

Chemicals and reagents 

The methanol used (spectrophotometric and HPLC grade) and Folin-Ciocalteau reagent 

were from Panreac (Barcelona, Spain). ABTS (2,2’-Azino-bi(3-ethylbenzo-thiazonile-6-

sulfonic acid) diammonium salt), potassium persulfate, DPPH• (2,2-Diphenyl-1-

picrylhydrazyl), Trolox (6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid), 

dipotassium hydrogen phosphate, potassium dihydrogen phosphate, sodium chloride, 

Fremy’s salt (potassium nitrosodisulfonate) and TEMPO (2,2,6,6-tetramethyl-1-

piperidin-1-oxyl) were purchased from Sigma-Aldrich (Steinheim, Germany). Gallic 

acid was from Fluka (Madrid, Spain). Pure reference standards of 5-caffeoylquinic acid 

(5-CQA) and caffeine were obtained from Sigma-Aldrich (Steinheim, Germany) and 

pure reference standards of 3,4-, 3,5- and 4,5-dicaffeoylquinic acids were purchased 
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from Phytolab (Vestenbergsgreuth, Germany). A mixture of 3-CQA, 4-CQA, and 5-

CQA was prepared from 5-CQA using the isomerization method of Trugo & Macrae,20 

also described in Farah et al.21 

Spent Coffee Preparation 

Roasted coffee (without defective beans) from Guatemala (Coffea arabica, named 

Arabica, 3.03 % water content, L* = 25.40±0.69, roasted at 219 °C for 905 s) and 

Vietnam (Coffea canephora var. robusta, named Robusta, 1.59 % water content, L* = 

24.92±0.01, roasted at 228 °C for 859 s) was provided by a local factory. Coffee beans 

were ground for 20 s using a grinder (model Moulinex super junior “s”, París, France). 

The L* value was analyzed by means of a tristimulus colorimeter (Chromameter-2 CR-

200, Minolta, Osaka, Japan) using the D65 illuminant and CIE 1931 standard observer. 

The instrument was standardized against a white tile before sample measurements. 

Ground roasted coffee was spread out in a 1 cm Petri plate, and the L* value was 

measured in triplicate on the CIELab scale. Water content was measured by weight loss 

after drying for 2 h at 102±3 °C in an oven JP SELECTA (Barcelona, Spain). 

Four coffee brewing procedures were selected to obtain the spent coffee: filter 

coffeemaker, espresso coffeemaker, plunger coffeemaker and mocha coffeemaker. The 

coffee brews were prepared as described by López-Galilea et al.11 with some 

modifications. Filter coffee brew was prepared from 24 g of ground roasted coffee for a 

volume of 400 mL of water, using a filter coffeemaker (model AVANTIS 70 Inox, 

Ufesa, Spain). Extraction took approximately 6 min at 90 ºC. Espresso coffee brew was 

prepared from 7 g of ground roasted coffee for a volume of 40 mL using an espresso 

coffeemaker (model Saeco Aroma, Italy). The water pump pressure was 15 bar. 

Extraction took approximately 24 s at 90 ºC. Plunger coffee brew was prepared from 40 

g of ground roasted coffee, which was extracted adding 500 mL of water at 98 ºC in a 
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plunger coffeemaker (model Bistro Nouveau Coffee Maker, Bodum, 1L capacity). The 

water and the coffee powder were kept in contact for 5 min before the plunger was 

slowly pushed down. Mocha coffee brew was prepared from 36 g of ground roasted 

coffee for a volume of 450 mL, using a mocha coffeemaker (model Bra, Spain). The 

heating temperature and extraction time were approximately 10 min at 93 ºC. 

Ground roasted coffee after brewing procedures, called spent coffee, were dried to a 

constant weight for 2 hours at 102 ±3 ºC in an oven JP SELECTA (Barcelona, Spain).  

Spent Coffee Extracts Preparation 

Spent Coffee extracts were prepared according to the method described by Bravo et al.19 

Briefly, first, dried spent coffee was defatted with Petroleum Ether (1:11, w/v) for 3 h at 

60 ºC in a Soxhlet extraction system (Extraction Unit B-811 Standard BÜCHI, Flawil, 

Switzerland). Then, 24 g of spent coffee were extracted with a volume of 400 mL of 

water using a filter coffeemaker (model AVANTIS 70 Inox, Ufesa, Spain). Extraction 

took approximately 6 min at 90 ºC. Aqueous spent coffee extracts were lyophilized 

using a CRYODOS Telstar (Terrassa, Spain).  

Caffeoylquinic acids and caffeine 

Extract preparation and cleanup were carried out according to Bicchi et al.22 The 

compounds were analyzed by HPLC following the method described by Farah et al.,21 

with some modifications. HPLC analysis was achieved with an analytical HPLC unit 

model 1100 (Agilent Technologies, Palo Alto, CA, USA) equipped with a binary pump 

and an automated sample injector. A reversed-phase Hypersil-ODS (5 µm particle size, 

250 x 4.6 mm) column was used at 25 ºC. The sample injection volume was 100 µL. 

The chromatographic separation was performed using a gradient of methanol (solvent 

A) and Milli-Q water acidulated with phosphoric acid (pH 3.0, solvent B) at a constant 

flow of 0.8 mL/min starting with 20% solvent A. Then solvent A was increased to 50% 
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within 15 min to be maintained at 50% for 9 min and, finally, to return to initial 

conditions (20% solvent A) in 3 min. Detection was accomplished with a diode-array 

detector, and chromatograms were recorded at 325 nm for caffeoylquinic acids and 

276 nm for caffeine. Identification of caffeoylquinic acids and caffeine was performed 

by comparing the retention time and the UV/VIS spectra with those of their reference 

compounds. Quantitation of 5-caffeoilquinic (5-CQA) and caffeine was made by 

comparing the peak areas with those of the standards.  

The method was validated obtaining a linear relationship between the concentrations of 

each compound and the respective UV absorbance (r=0.999). The recovery values were 

101.3±1.3 % for 5-CQA and 106.3±2.4 % for caffeine. Results for repeatability showed 

good precision of the method with coefficient of variation values below 5 %. A narrow 

dispersion of values was also observed for intermediate precision, with coefficients of 

variation between 0.11 % and 4.96 %. The detection limits were 1.18 µg/mL and 

0.83 µg/mL for 5-CQA and caffeine, respectively. The quantitation limits were 

3.95 µg/mL for 5-CQA and 2.76 µg/mL for caffeine. 

Quantitation of the other caffeoylquinic acids was performed using the area of 5-CQA 

standard combined with molar extinction coefficients of the respective caffeoylquinic 

acid as reported by Trugo et al.20 and Farah et al.,21 using the following equation: 

C = 
12

21

r

r

M
AMRF

×
×××

ε
ε

 

where C is the concentration of the isomer in milligrams per milliliter; RF is the 

response factor of the 5-CQA standard (concentration in milligrams per milliliter per 

unit area); ε1 is the molar extinction coefficient of 5-CQA; ε2 is the molar extinction 

coefficient of the isomer in question; Mr1 is the relative molecular mass of 5-CQA; Mr2 

is the relative molecular mass of the isomer in question; and A is the area of the peak 

corresponding to the isomer in question. Molar extinction coefficients (x 104) were as 
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follows: at λmax 330 nm, 5-CQA = 1.95, 4-CQA = 1.80, 3-CQA = 1.84, 3,4-diCQA = 

3.18, 3,5-diCQA = 3.16 and 4,5-diCQA = 3.32. 

Results were expressed as milligrams of each compound per gram of spent coffee dry 

matter (spent coffee extracts) or per gram of coffee (coffee brews). 

Browning Index (Abs 420 nm) 

Fifty microliters of the sample (spent coffee extract or coffee brew) was diluted up to 2 

mL with demineralized water. Browning index was measured by reading the absorbance 

of samples at 420 nm, after exactly 2 minutes in a 3 mL capacity cuvette (1 cm length) 

with a Lambda 25 UV-vis spectrophotometer (Perkin-Elmer Instruments, Madrid, 

Spain) connected to a thermostatically controlled chamber (25 ºC) and equipped with 

UV WinLab software (Perkin Elmer). This index measures the browned compounds 

developed during caramelization and Maillard Reactions, including melanoidins.23 

Antioxidant Capacity by Folin-Ciocalteau (FC) assay 

The Folin-Ciocalteau reducing capacity of coffee was performed according to the 

Singleton´s method.24 Spent coffee extracts and coffee brews were diluted 3:10 and 1:10 

respectively in demineralized water prior to analysis. A volume of 500 μL of Folin-

Ciocalteau reagent (Panreac) was added to a mixture of 100 μL of the extract sample 

and 7.9 mL of demineralized water. After a 2 min delay, 1.5 mL of a 7.5% sodium 

carbonate solution was added. Next, the sample was incubated in darkness at room 

temperature for 90 min. The absorbance of the sample was measured at 765 nm in a 

Lambda 25 UV/VIS spectrophotometer (Perkin Elmer Instruments, Madrid, Spain). 

Gallic acid (GA) was used as reference, and the results were expressed as milligrams of 

GA per gram of spent coffee dry matter (mg GA/g spent coffee dm) or per gram of 

coffee (mg GA/g coffee).  

Antioxidant Capacity by ABTS Assay 
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The ABTS antioxidant capacity was performed according to the method of Re et al.25 

with some modifications. The radicals ABTS··+ were generated by the addition of 

0.36 mM potassium persulfate to a 0.9 mM ABTS solution prepared in phosphate 

buffered saline (PBS) (pH 7.4), and the ABTS··+ solution was stored in darkness for 

12 h. The ABTS·+ solution was adjusted with PBS to an absorbance of 0.700 (± 0.020) 

at 734 nm in a 3 mL capacity cuvette (1 cm length) at 25 ºC (Lambda 25 UV-VIS 

spectrophotometer, Perkin-Elmer Instruments, Madrid, Spain). Spent coffee extracts 

and coffee brews were diluted 3:100 and 15:1000 respectively in demineralized water 

prior to analysis. Samples (50 µL) were added to 2 mL of ABTS··+ solution. The 

absorbance was measured spectrophotometrically at 734 nm after exactly 18 min. 

Calibration was performed with Trolox solution (a water-soluble vitamin E analogue), 

and the antioxidant capacity was expressed as micromoles of Trolox per gram of spent 

coffee dry matter (µmol Trolox /g spent coffee dm) or per gram of coffee (µmol Trolox 

/g coffee). 

Antioxidant Capacity by DPPH Assay 

The antioxidant capacity was also measured using 2, 2-diphenyl-1-picrylhydrazyl 

DPPH• decolorization assay (Brand-Williams et al.26 with modifications). A 6.1x10-

5 mol/L DPPH• methanolic solution was prepared immediately before use. The DPPH• 

solution was adjusted with methanol to an absorbance of 0.700 (± 0.020) at 515 nm in a 

3 mL capacity cuvette (1 cm length) at 25 ºC (Lambda 25 UV-VIS spectrophotometer, 

Perkin-Elmer Instruments, Madrid, Spain). Spent coffee extracts and coffee brews were 

diluted 3:100 and 15:1000 respectively in demineralized water prior to analysis. 

Samples (50 µL) were added to 1.95 mL of the DPPH• solution. After mixing, the 

absorbance was measured at 515 nm after exactly 18 min. Calibration was performed 

with Trolox solution (a water-soluble vitamin E analogue). The antioxidant capacity 
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was expressed as micromoles of Trolox per gram of spent coffee dry matter (µmol 

Trolox /g spent coffee dm) or per gram of coffee (µmol Trolox /g coffee). 

Antioxidant Capacity by Electro Spin Resonance (ESR) Spectroscopy 

The ESR spectroscopy measurements were performed with Fremy´s salt and TEMPO as 

stabilized radicals with the same procedure as described by Roesch et al.27 and modified 

by Cämmerer & Kroh.28 For the investigation with Fremy’s salt, 100 μL of every spent 

coffee extract diluted 100-fold with demineralized water were allowed to react with an 

equal volume of an aqueous 1 mM Fremy’s salt solution prepared in 50 mM phosphate 

buffer (pH 7.4). ESR spectra were recorded every 35 s for 30 min. For the investigation 

with TEMPO, aliquots of 200 μL of spent coffee extract were allowed to react with 

100 μL of 1 mM TEMPO solution. ESR spectra were obtained after 30 min, by which 

time the reaction was complete. Microwave power was set at 10 dB. Modulation 

amplitude, center field, and sweep width were set at 1.5, 3397, and 71 G, respectively. 

Both Fremy’s salt and TEMPO antioxidant activity were calculated as Trolox 

equivalents and expressed as micromoles of Trolox per gram of spent coffee dry matter 

(µmol Trolox /g spent coffee dm). 

Statistical Analysis 

Each parameter was analyzed in triplicate. Results are shown as means ± standard 

deviations. One-way Analysis of Variance (ANOVA) was applied for each parameter; 

the source of variation was the different brewing procedure for obtaining spent coffee. 

A Tukey test was applied as a test a posteriori with a level of significance of 95 %. All 

statistical analyses were performed using the SPSS v.15.0 software package. 

Results and discussion 

Caffeoylquinic acids 
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Caffeoylquinic acids are the most abundant phenolic compounds in coffee. These 

chlorogenic acids are water soluble esters formed between quinic acid and one or two 

moieties of caffeic acid, a trans-cinnamic acid. Monocaffeoylquinic acids (3-CQA, 4-

CQA, 5-CQA) and dicaffeoylquinic acids (3,4-diCQA, 3,5-diCQA, 4,5-diCQA) were 

identified and quantified in spent coffee obtained from different coffeemakers (filter, 

espresso, plunger and mocha) and in their respective coffee brews. The results are 

shown in Table 1. 

All spent coffee grounds, with the exception of those from mocha coffeemaker, had 

relevant amounts of total caffeoylquinic acids ranging from 11.05 (espresso) to 13.24 

(filter) mg per g of Arabica spent coffee, and from 6.22 (filter) to 7.49 (espresso) mg per 

g of Robusta spent coffee. These amounts correspond to 56.6-86.6% of those 

caffeoylquinic acids obtained for the coffee brews. In espresso coffee residues, Cruz et 

al. 17 reported similar amounts of 5-CQA. However, in the present study the total CQAs 

and diCQAs range values reach higher results than total CGA in Cruz et al. study.17 

This discrepancy could be probably due to the different type of coffee, Arabica or 

Robusta in the present study or Arabica/Robusta blends in Cruz et al. work,17 but also to 

other technological factors, such as roasting degree, extraction methodology, etc. 

Despite these results, to our knowledge, the present study is the first one to report the 

quantity of individual mono and dicaffeoylquinic acids present in spent coffee obtained 

from coffeemakers different to espresso ones.  

Coffee brews prepared with mocha coffeemaker showed the highest content in both 

monocaffeoylquinic (23.68 and 13.71 mg per g for Arabica and Robusta, respectively) 

and dicaffeoylquinic (1.94 and 1.58 mg per g for Arabica and Robusta, respectively) 

acids, suggesting a practically complete extraction of caffeoylquinic acids, being 

negligible the amount present in the spent coffee grounds. In a previous work, we also 
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observed that a second successive aqueous extraction from the spent coffee grounds 

only contributed to a few amount of phenolic compounds (less than 15% of those 

obtained in the first extraction).19 Therefore, it could be considered that the total content 

of caffeoylquinic acids present in coffee has been practically extracted with the 

preparation of the coffee brew and the first aqueous extraction of spent coffee. This was 

also corroborated by the fact that the sum of the total caffeoylquinic acids of each coffee 

brew and its respective spent coffee was quite similar among different coffeemakers 

ranged from 15.29 (mocha) to 16.29 (plunger) mg per g for Arabica and from 25.62 

(mocha) to 30.77 (plunger) mg per g for Robusta coffee. These results are also in 

agreement with the total chlorogenic acids amounts reported for roasted coffees from 

different origins and varieties.29, 30 Although higher amounts of caffeoylquinic acids in 

Robusta coffees than in Arabica ones have been extensively reported, 21 other authors 

have found less amounts of CQAs in Robusta coffees.31, 32 This could be because both, 

the origin of coffee and the higher loss of chlorogenic acids in Robusta coffee during 

roasting process.33, 34 

In spent coffee, 5-CQA and 3,4-diCQA were the most abundant caffeoylquinic acids, 

whereas 3,5-diCQA and 3-CQA were the least ones. Moreover, the content of total 

diCQAs was quite similar and even higher to total monoCQAs. This is due to 3 to 6 

fold, and even higher for filter coffeemaker, amounts of total diCQAs in spent coffee in 

comparison to their respective coffee brews. In contrast, in coffee brews the monoCQAs 

content was 12 fold or even higher than diCQAs, being 5-CQA the most and 3,4-diCQA 

the least abundant. Therefore, the monoCQAs are mainly extracted during coffee 

brewing whereas the diCQAs need further conditions to be extracted. Other authors also 

observed that diCQAs or dicaffeoylquinides were extracted rather slowly from coffee in 

comparison to monoCQAs.32, 35 The esterification of an additional caffeic acid moiety in 
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diCQAs increases the number of hydroxyl groups that might be bound to the amide 

carbonyls of the peptide bond in melanoidins.36, 37 Also, other authors38 corroborated 

this hypothesis that the chlorogenic acids are incorporated into melanoidins via 

hydroxicinamic acids (such as caffeic acid) moieties, mainly through nonester linkages 

upon coffee roasting. Therefore, the release of diCQAs bound to melanoidins is rather 

difficult to that of monoCQAs. However, as proposed by Ludwig et al.,32 the use of an 

extraction system with turbulences during few minutes facilitates the contact of grounds 

and water, a polar solvent, and favors the caffeoylquinic acids extraction, also diCQAs. 

Taking into account all these considerations, the application of the appropriate 

conditions allowed us to obtain spent coffee extracts that can be considered as a good 

source of caffeoylquinic acids, mainly diCQAs. 

Caffeine 

The presence of caffeine in spent coffee grounds has been proposed as one of the main 

problems to be used in agriculture because its toxicity.39 Although some few studies 

reported the content of caffeine in spent coffee,8, 10, 17 to our knowledge, the present 

study is the first one to report the amount of caffeine in spent coffee grounds from 

coffeemakers different to espresso ones. The results of the amount of caffeine in spent 

coffee and in their respective coffee brews are shown in Table 2. 

All spent coffee grounds, with the exception of those from mocha coffeemaker, had 

concentrations of caffeine ranging from 3.59 (espresso) to 5.20 (filter) mg per g of 

Arabica spent coffee and from 5.73 (plunger) to 8.09 (espresso) mg per g of Robusta 

spent coffee. Quite similar amounts of caffeine were reported by Cruz et al.17 for 

espresso coffee residues obtained from Arabica/Robusta blends. The caffeine amounts 

in spent coffee were 2 to 3 fold lower to those obtained for their respective coffee 

brews. Taking into account that a second successive aqueous extraction of spent coffee 
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grounds extracted less than 3% of the caffeine concentration found in the first 

extraction, the total content of caffeine present in roasted coffee has been practically 

extracted with the preparation of the coffee brew and the first aqueous extraction of 

spent coffee. In fact, the sum of caffeine in coffee brews and spent coffee ranged from 

13.66 to 15.64 mg per g for Arabica coffee and from 21.37 to 29.61 mg per g for 

Robusta coffee. These results are in agreement with those of the literature which 

extensively reports that robusta coffees are richer in caffeine than Arabica ones.40 

Similar to caffeoylquinic acids, mocha coffeemaker extracted the majority of the 

caffeine present in coffee, being the mocha coffee brews the richest in caffeine and 

leaving not detectable caffeine amounts in the spent coffee grounds. Consequently, 

spent coffee grounds from mocha coffeemaker and spent coffee grounds from the other 

coffeemakers after one extraction with water can be considered as caffeine-free coffee 

by-products. 

Browned compounds 

Browned compounds, mainly melanoidins, are originated by Maillard reactions during 

coffee roasting process. They contribute to the antioxidant and other functional 

properties of coffee by themselves and because of the presence of phenolics in their 

skeleton.41, 42 Spent coffee extracts obtained from filter coffeemaker showed the highest 

browning index (Table 2; 0.165 and 0.145 for Arabica and Robusta coffees, 

respectively). These results were similar to those of the filter coffee brews. In contrast, 

browned compounds in spent coffee extracts from espresso and plunger coffeemakers 

were 3 to 5 fold lower than in their respective coffee brews. Similar to the other 

bioactive compounds (caffeoylquinic acids and caffeine), aqueous soluble browned 

compounds were mainly extracted in coffee brews when mocha coffeemaker was used, 

releasing only traces in spent coffee. Yen et al.10 also reported a lower browing index in 
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aqueous extracts from soluble spent coffee grounds in comparison to that from roasted 

coffee. Therefore, although melanoidins and other browned compounds may act as 

antioxidants, because of their lower amounts in spent coffee, their contribution to the 

antioxidant capacity could be rather limited in comparison to that in coffee brews, 

where they reach up to an 80%.43 

Antioxidant capacity of spent coffee 

The presence of antioxidant compounds, such as chlorogenic acids, caffeine and 

Maillard Reaction Products, have been extensively associated with the health benefits of 

coffee, such as cardiovascular and neurodegenerative diseases prevention, anti-

carcinogenic and antimutagenic activity.44, 45 Beside these healthy properties, 

antioxidant capacity may contribute to the preservation of coffee against oxidative 

damage throughout the storage time. Antioxidant activity has been also reported by 

other authors in extracts of spent coffee grounds from the soluble coffee production,2, 8, 

46 from espresso coffee17, 18 and from filter coffee in a previous work of our group.19 

However, to our knowledge, the antioxidant capacity of spent coffee grounds obtained 

from other different coffeemakers (plunger and mocha) using an Arabica and a Robusta 

coffee has not been reported previously. For those reasons, the antioxidant capacity was 

evaluated using three different colorimetric assays (Folin Ciocalteau, ABTS and DPPH) 

in spent coffee obtained from different coffeemakers (filter, espresso, plunger and 

mocha) and in their respective coffee brews. The results of the antioxidant capacity are 

shown in Table 3.  

As it was expected because of the presence of phenolic and nonphenolic antioxidants, 

all spent coffee, except those from mocha coffeemaker, showed relevant antioxidant 

capacity. Arabica spent coffee obtained from filter coffeemaker showed the highest 

values in all assays, followed by Robusta spent coffees from espresso and filter 
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coffeemakers, and Arabica spent coffee from espresso coffeemaker, in order. The 

results of the Folin-Ciocalteau assay of spent coffee from espresso coffeemaker (15.79 

and 19.12 mg GA per gram of spent coffee for Arabica and Robusta coffees, 

respectively) were similar to those found by other authors.18 On the other hand, spent 

coffee obtained from plunger coffeemaker showed less antioxidant capacity, and not 

significant differences between Arabica and Robusta coffees were found.  

These antioxidant capacity results seem to be due to a balance between caffeoylquinic 

acids, more abundant in Arabica spent coffee, and caffeine and browned compounds, 

mainly present in Robusta one. In fact, caffeine was in higher amounts in Robusta spent 

coffee than in Arabica, being Robusta spent coffee from espresso coffeemaker that with 

the highest content (8.09 mg per gram of spent coffee). Other authors also found high 

correlations between antioxidant capacity of coffee brews and caffeine, suggesting that 

caffeine might be a good contributor to the antioxidant capacity or reducing power of 

coffee brews11, 31, 32, whereas other authors43 find it for the melanoidins content. 

The comparison between the antioxidant capacity of the spent coffee with their 

respective coffee brews (expressed as 100%) is shown in Figure 1. The antioxidant 

capacity of spent coffee obtained from filter coffeemaker was quite similar (88.9-

102.3%) to that of the coffee brew for Arabica coffee, whereas for Robusta coffee was 

only 46.0-57.8%. However, for spent coffee grounds obtained with espresso 

coffeemaker, the antioxidant capacity was 59.2-68.7% and 64.0-85.6% of the Robusta 

and Arabica coffee brews, respectively. These results might be partially explained by 

the higher browning index in both espresso coffee brews (0.315 and 0.418), and in less 

extent in Robusta filter coffee brew (0.197) that reduce the amount of melanoidins and 

other browned compounds to be extracted from spent coffee. Moreover, it should be 

also taken into account that other minor phenolic (hydroxycinnamic acids, 
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feruloylquinic acids and other chlorogenic acids) and nonphenolic (volatiles, etc.) 

compounds might contribute to the antioxidant capacity. Thus, to go deeper into the 

knowledge of the contribution of phenolic and nonphenolic compounds to the 

antioxidant capacity of spent coffee, Electro Spin Resonance (ESR) spectroscopy was 

used to measure the antioxidant capacity of spent coffee obtained from filter and 

espresso coffeemakers. 

Mainly phenolic compounds can be detected when Fremy's salt is used as the stabilized 

radical, whereas TEMPO radical is mainly scavenged by Maillard reaction products 

(MRP), such as melanoidins.12, 28 As it is shown in Figure 2, ESR antioxidant capacity 

of Arabica spent coffee from espresso coffeemaker was lower than that from filter one, 

whereas for Robusta spent coffee these results were reversed. The behaviour of the 

results of antioxidant capacity measured by Fremy’s salt technique (Figure 2a) was 

similar to those obtained by the colorimetric assays, but rather different to that of the 

amounts of caffeoylquinic acids in spent coffee. This may be explained because, 

although caffeoylquinic acids are the most abundant phenolics in coffee, other minor 

hydroxycinnamic acids, such as caffeic acid, ferulic acid and its derivatives by 

sterification with quinic acid, might also contribute to the Fremy’s salt antioxidant 

capacity of spent coffee. Moreover, although Fremy’s salt is mainly scavenged by 

chlorogenic acids, other antioxidants, including melanoidins, can scavenge this 

stabilized radical in a nonspecific manner and in a very low proportion.12, 47 On the 

other hand, TEMPO scavenging capacity (Figure 2b) was at least 10 fold lower than 

Fremy’s salt, showing that the contribution of roasting-induced antioxidants is rather 

limited in spent coffee. Similar behaviour was also observed in coffee brews by other 

authors.12, 32, 47 For that reason, all TEMPO results should be considered as very low, 

including the significantly higher TEMPO antioxidant capacity of the aqueous extracts 
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obtained from Arabica spent coffee grounds from filter coffeemaker. This higher result 

might be explained by the slightly higher browning index (Abs 420nm 0.165), but also 

because melanoidins have different antioxidant capacities, depending on the structure, 

their composition and the phenolics bound in their skeleton.12, 47-49 

In conclusion, spent coffee obtained from the most common coffeemakers used at 

domestic and cafeterias level (filter and espresso), and in less proportion from plunger 

ones, could be considered as a good potential source of hydrophilic bioactive 

compounds. These compounds are easily extracted with water to obtain extracts with 

antioxidant properties that might be used in food and pharmaceutical industries to 

increase food nutritional values, product stability or to develop new healthy products. In 

contrast, spent coffee grounds from mocha coffeemaker only have traces of hydrophilic 

bioactive compounds because this coffeemaker is very effective to extract them in 

coffee brews. Moreover, these spent coffee grounds and the spent coffee grounds from 

the other coffeemakers after one extraction with water, might be subsequently used for 

agriculture because they are practically caffeine-free coffee by-products. Therefore, this 

study allows us to know that it is possible to consider spent coffee as an added-value 

by-product because it can be used as a good source of bioactive compounds and after 

that in agriculture. However, further research should be needed to identify and 

quantitate the minor antioxidant compounds present in spent coffee and to demonstrate 

their functional or healthy properties. 
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FIGURE CAPTIONS 

Figure 1. Antioxidant capacity percentage of Arabica (a) and Robusta (b) spent coffee obtained 

from different coffeemakers in comparison to their respective coffee brew (expressed as 100%). 

F: Filter, E: Espresso, P: Plunger, M: Mocha. 

Figure 2. Fremy´s salt (a) and TEMPO (b) antioxidant capacity of spent coffee obtained from 

filter and espresso coffeemakers. 
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Figure 1. Antioxidant capacity percentage of Arabica (a) and Robusta (b) spent coffee obtained 

from different coffeemakers in comparison to their respective coffee brew (expressed as 100%). 

F: Filter, E: Espresso, P: Plunger, M: Mocha. 
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Figure 2. Fremy´s salt (a) and TEMPO (b) antioxidant capacity of spent coffee obtained from 

filter and espresso coffeemakers. 
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Table 1. Caffeoylquinic acids (mg/g) in spent coffee and coffee brews. 

 
Spent coffee 

 
Coffee brews 

 
Filter Espresso Plunger Mocha 

 
Filter Espresso Plunger Mocha 

3-CQA          
  Arabica 1.64 ± 0.00d 1.29 ± 0.03c 1.10 ± 0.03b nda  3.54 ± 0.00ab 3.08 ± 0.07a 3.91 ± 0.22b 5.29 ± 0.29c

  Robusta 0.68 ± 0.03b 0.83 ± 0.03c 0.63 ± 0.02b nda  2.26 ± 0.13b 1.81 ± 0.09a 2.03 ± 0.11ab 3.43 ± 0.05c

4-CQA          
  Arabica 2.51 ± 0.02d 2.03 ± 0.02c 1.75 ± 0.10b nda  5.50 ± 0.00b 3.97 ± 0.05a 6.01 ± 0.32b 7.67 ± 0.41c

  Robusta 0.97 ± 0.04b 1.16 ± 0.01c 0.99 ± 0.05b nda  2.93 ± 0.17b 2.45 ± 0.02a 3.01 ± 0.18b 4.03 ± 0.02c

5-CQA          
  Arabica 3.59 ± 0.02d 2.84 ± 0.04c 2.48 ± 0.07b nda  7.42 ± 0.01a 6.89 ± 0.13a 8.57 ± 0.43b 10.72± 0.61c

  Robusta 1.26 ± 0.06b 1.56 ± 0.05c 1.18 ± 0.05b nda  4.38 ± 0.21b 3.70 ± 0.14a 3.63 ± 0.20a 6.25 ± 0.07c

Total CQAs         
  Arabica 7.74 6.16 5.33 nd  16.46 13.94 18.49 23.68 
  Robusta 2.91 3.55 2.80 nd  9.57 7.96 8.67 13.71 

3,4-diCQA         
  Arabica 2.53 ± 0.03c 2.34 ± 0.02b 2.46 ± 0.06c nda  0.22 ± 0.00a 0.47 ± 0.02b 0.57 ± 0.03c 0.89 ± 0.05d

  Robusta 1.49 ± 0.07b 1.80 ± 0.01c 1.99 ± 0.10d nda  0.29 ± 0.01a 0.29 ± 0.00a 0.30 ± 0.02a 0.52 ± 0.00b

3,5-diCQA         
  Arabica 1.17 ± 0.01c 1.09 ± 0.02b 1.26 ± 0.05d nda  nda 0.25 ± 0.01c 0.22 ± 0.01b 0.42 ± 0.02d

  Robusta 0.62 ± 0.03b 0.74 ± 0.01c 0.70 ± 0.04c nda  0.18 ± 0.01c 0.14 ± 0.00a 0.16 ± 0.01b 0.32 ± 0.00d

4,5-diCQA         
  Arabica 1.80 ± 0.03c 1.46 ± 0.02b 2.07 ± 0.10d nda  nda 0.35 ± 0.01b 0.37 ± 0.02b 0.63 ± 0.03c

  Robusta 1.20 ± 0.05b 1.40 ± 0.03c 1.41 ± 0.08c nda  nda 0.26 ± 0.00b 0.26 ± 0.01b 0.74 ± 0.00c

Total diCQAs         
  Arabica 5.50 4.89 5.79 nd  0.22 1.07 1.16 1.94 
  Robusta 3.31 3.94 4.10 nd  0.47 0.69 0.72 1.58 

Total CQAs+diCQAs         
  Arabica 13.24 11.05 11.12 nd  16.68 15.01 19.65 25.62 
  Robusta 6.22 7.49 6.90 nd  10.04 8.65 9.39 15.29 

 
All values are shown as means ± SD (n=3). In each row, different superscripts indicate significant 
differences (p<0.05) among different spent coffee or coffee brews. 
CQA, monocaffeoylquinic acids; diCQA, dicaffeoylquinic acids. nd, not detected. 
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Table 2. Caffeine (mg/g) and melanoidins (Abs 420nm) in spent coffee and coffee brews. 

 
Spent coffee 

 
Coffee brews 

 
Filter Espresso Plunger Mocha

 
Filter Espresso Plunger Mocha 

Caffeine          
  Arabica 5.20 ± 0.04d 3.59 ± 0.00b 3.76 ± 0.12c nda  10.08 ± 0.04a 10.07 ± 0.17a 11.83 ± 0.65b 15.64 ±0.86c

  Robusta 7.53 ± 0.35c 8.09 ± 0.05c 5.73 ± 0.31b nda  22.08 ± 0.06c 17.73 ± 0.14b 15.64 ± 0.84a 22.68 ±0.02c

Melanoidins         
  Arabica 0.165 ± 

0.006d
0.102 ± 
0.001b

0.114 ± 
0.001c

tra  0.155 ± 
0.003a

0.315 ± 
0.008b

0.401 ± 
0.009c

0.803 ± 
0.011d

  Robusta 0.145 ± 
0.005d

0.133 ± 
0.001c

0.118 ± 
0.000b

tra  0.197 ± 
0.001a

0.418 ± 
0.008b

0.647 ± 
0.006c

0.847 ± 
0.009d

 
All values are shown as means ± SD (n=3). In each row, different superscripts indicate significant 
differences (p<0.05) among different spent coffee or coffee brews. 
nd, not detected. tr, traces. 
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Table 3. Antioxidant capacity of spent coffee and coffee brews. 

 
Spent coffee 

 
Coffee brews 

 
Filter Espresso Plunger Mocha 

 
Filter Espresso Plunger Mocha 

Folin Ciocalteau (mg GA/g)        
  Arabica 24.60 ± 

0.18d
15.79 ± 
0.08c

13.87 ± 
0.16b

1.36 ± 
0.03a

 26.70 ± 
0.07b

23.13 ± 
0.23a

33.29 ± 
0.13c

50.16 ± 
0.07d

  Robusta 17.54 ± 
0.26c

19.12 ± 
0.14d

13.22 ± 
0.20b

1.88 ± 
0.05a

 38.16 ± 
1.31b

30.55 ± 
0.06a

51.41 ± 
1.02c

60.92 ± 
0.46d

ABTS (µmol Trolox/g)        
  Arabica 215.12 ± 

2.18d
131.83 ± 

1.49c
120.98 ± 

1.81b
8.09 ± 
0.33a

 242.08 ± 
3.54b

206.12 ± 
1.68a

280.11 ± 
7.01c

456.33 ± 
5.79d

  Robusta 167.24 ± 
5.78c

177.63 ± 
1.23d

118.23 ± 
3.05b

22.17 ± 
0.30a

 310.93 ± 
2.27b

299.86 ± 
2.69a

493.97 ± 
1.27c

622.45 ± 
6.16d

DPPH (µmol Trolox/g)        
  Arabica 112.06 ± 

2.21d
74.57 ± 
2.99c

60.96 ± 
1.75b

2.56 ± 
0.18a

 109.49 ± 
2.80b

87.13 ± 
0.40a

145.94 ± 
3.66c

208.18 ± 
9.39d

  Robusta 74.09 ± 
1.00c

83.59 ± 
2.39d

53.99 ± 
0.25b

5.18 ± 
0.06a

 128.18 ± 
5.20a

121.72 ± 
4.69a

231.06 ± 
8.64b

243.46 ± 
0.75b

 
All values are shown as means ± SD (n=3). In each row, different superscripts indicate significant 
differences (p<0.05) among different spent coffee or coffee brews. 
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ABSTRACT 

Spent coffee has been shown as a good source of hydrophilic antioxidant compounds. 

The ability of two spent coffee extracts rich in caffeoylquinic acids, mainly 

dicaffeoylquinic acids, and caffeine (Arabica filter and Robusta espresso) to protect 

against oxidation and DNA damage in human cells (HeLa) was evaluated at short (2 h) 

and long (24 h) exposure times. Cell viability (MTT) was not affected by spent coffee 

extracts (>80%) up to 1000 µg/mL. Both spent coffee extracts significantly reduced the 

increase of ROS level and DNA strand breaks (29-73% protection by comet assay) 

induced by H2O2. Pretreatment of cells with robusta spent coffee extract also decreased 

Ro photosensitizer-induced oxidative DNA damage after 24 h exposure. The higher 

effectiveness of Robusta spent coffee extract, with less caffeoylquinic acids and 

melanoidins, might be due to other antioxidant compounds, such as caffeine and other 

Maillard Reaction Products. This work evidences the potential antioxidant and 

genoprotective properties of spent coffee in human cells. 

 

KEYWORDS: 

Coffee; Spent coffee; Antioxidant; Oxidative stress; Antigenotoxicity; DNA damage; 

Comet assay 
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1. Introduction 

Global health policies promote increase consumption of plant foods, such as fruits and 

vegetables to contribute to the prevention of several chronic diseases related with 

oxidative stress, such as cancer, diabetes, cardiovascular and neurodegenerative 

diseases (World Health Organization, 2004). Plant foods, including beverages and 

extracts, are rich sources of bioactive compounds like antioxidants. A possible 

mechanism of antioxidants action in the prevention of chronic diseases is the decrease 

of oxidative stress, a condition that appears when an imbalance between the production 

of free radicals and antioxidant defences occurs. Free radicals, such as reactive oxygen 

species (ROS), damage macromolecules as proteins, lipids and DNA. DNA damage by 

ROS can contribute to the formation of single and double strand breaks (SBs), as well 

as to the oxidation of purine and pyrimidine bases, leading to genome instability and 

subsequent potential cancer development (Chobotova, 2009). The formation of 8-

oxoguanine (8-oxoGua) by ROS oxidation of guanine is one of the most common DNA 

lesions. This is a potential biomarker of carcinogenesis because it is relatively easily 

formed and is mutagenic (Valko, Leibfritz, Moncol, Cronin, Mazur & Telser, 2007). The 

comet assay is one of the most useful approaches for the quantification of this oxidative 

DNA damage (SBs and 8-oxoGua). For example, several authors have reported, 

employing the comet assay, that supplementation of the diet with food antioxidants 

decreases endogenous oxidative DNA damage in human lymphocytes (Duthie, Ma, 

Ross & Collins, 1996; Porrini & Riso, 2000). 

Coffee is well-known as a rich source of antioxidants in human diet that may contribute 

to the prevention of oxidative stress related diseases (Pulido, Hernández-García & 

Saura-Calixto, 2003; Svilaas et al., 2004; Dórea & da Costa, 2005). The preparation of 

instant coffee in industries and coffee beverages in restaurants, cafeterias and also at 

domestic levels generates tons of coffee residues. It has been proposed that spent 

coffee grounds could be valuable by-products because of their antioxidant properties 

due to the presence of phenolic and nonphenolic bioactive compounds (Yen, Wang, 

Chang & Duh, 2005; Ramalakshmi, Rao, Takano-Ishikawa & Goto, 2009; Mussatto, 

Ballesteros, Martins & Teixeira, 2011; Bravo et al., 2012; Murthy & Madhava Naidu, 

2012; Bravo, Monente, Juániz, De Peña & Cid, 2013). However, the chemical-based 

assays used for the antioxidant activity evaluation of spent coffee are suitable for the 

initial antioxidant screening but do not reflect the cellular physiological conditions. 

Therefore, there is a need for applying cell cultures models to support antioxidant 
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research (Liu & Finley, 2005). To our best knowledge, only the cell viability in rodent cell 

culture systems has been evaluated to report the anti-tumor, anti-allergic and anti-

inflammatory activities of spent coffee extracts obtained from instant coffee 

(Ramalakshmi et al., 2009). However, this is the first time that direct effect and 

prevention against ROS formation and DNA damage of spent coffee extracts in human 

cells has been reported. In a previous study, we have reported that spent coffee 

grounds obtained from the most common coffeemakers used at domestic and cafeterias 

levels (filter and espresso), and in less proportion from plunger (French press) ones, 

have antioxidant capacity because of the presence of relevant amounts of hydrophilic 

bioactive compounds, such as caffeoylquinic acids, mainly dicaffeoylquinic acids, and 

caffeine (Bravo et al., 2012). Because some of these coffee compounds have shown 

protective effects against oxidation (ROS formation) and DNA damage in human cell 

models when they were evaluated individually (Bakuradze et al., 2010; Cho, Jang, 

Hwang, Kang, Lee & Lee, 2009; Faustmann, Cavin, Nersesyan & Knasmüller, 2009; 

Pavlica & Gebhardt, 2005) or in coffee matrices (instant or coffee brew) in human cell 

models both directly or in interventional studies (Bichler et al., 2007; Bakuradze et al., 

2010; Hoelzl et al., 2010; Del Pino-García, González-Sanjose, Rivero-Pérez & Muñiz, 

2012); we hypothesize that aqueous spent coffee extracts might have antioxidant and 

genoprotective effects in human cells. However, up to now, the effect of these coffee by-

products on oxidation and DNA damage in cells is still unknown. 

Therefore, the aim of the present work was to evaluate the ability of two of the most 

antioxidant spent coffee extracts (from Arabica filter and Robusta espresso) (Bravo et 

al., 2012) to protect against oxidation and DNA damage in a cancer human cell model 

system. For this purpose, firstly, cytotoxicity was measured in order to choose the 

adequate extract concentration to be evaluated. Afterwards, the direct effects of the 

extracts on intracellular ROS level using the diclorofluorescein assay, and on DNA 

oxidation damage using the comet assay were determined. And last, the protection 

ability of the spent coffee extracts against H2O2-induced intracellular ROS level and 

DNA strand breaks and Ro-induced oxidative DNA damage (as FPG-sensitive sites) 

increase was assessed.  
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2. Materials and methods 

2.1. Chemicals  

Dulbecco´s Modified Eagle´s Medium (DMEM), fetal bovine serum (FBS), antibiotic 

solution, and trypsin solution were purchased from Gibco (Prat de Llobregat, Barcelona, 

Spain). Hydrogen peroxide (H2O2), 3-(4,5-methyl-2-thiazolyl)-2,5-diphenyltetrazolium 

bromide (MTT) and 4,6-diamidino-2-phenylindole (DAPI) were obtained from Sigma-

Aldrich (Steinheim, Germany). Dichlorodihydrofluorescein diacetate (H2DCF-DA) was 

from Invitrogen Molecular Probes (Eugene, Oregon, USA). DMSO was purchased from 

Panreac Quimica SAU (Barcelona, Spain). Ro (photosensitizer 19-8022) and 

formamidopyrimidine DNA glycosylase (FPG) were kindly supplied by Dr A. Collins 

(Institute for Nutrition Research, University of Oslo, Norway). 

2.2. Preparation of Spent Coffee Extracts  

Roasted coffee (without defective beans) from Guatemala (Coffea arabica, named 

Arabica, 3.03 % water content, L* = 25.40±0.69, roasted at 219 °C for 905 s) and 

Vietnam (Coffea canephora var. robusta, named Robusta, 1.59 % water content, L* = 

24.92±0.01, roasted at 228 °C for 859 s) was provided by a local factory. Coffee beans 

were ground for 20 s using a grinder (model Moulinex super junior “s”, París, France). 

The L* value was analyzed by means of a tristimulus colorimeter (Chromameter-2 CR-

200, Minolta, Osaka, Japan) using the D65 illuminant and CIE 1931 standard observer. 

The instrument was standardized against a white tile before sample measurements. 

Ground roasted coffee was spread out in a 1 cm Petri plate, and the L* value was 

measured in triplicate on the CIELab scale. Water content was measured by weight loss 

after drying for 2 h at 102±3 °C in an oven JP SELECTA (Barcelona, Spain). 

Arabica and Robusta spent coffee grounds were obtained as coffee by-products after 

the preparation of coffee brews with filter (24g/400mL water, model Avantis 70 Inox, 

Ufesa, Spain) and espresso coffeemakers (7g/40mL water, model Saeco Aroma, Italy), 

respectively. Then, spent coffee extracts were prepared according to the method 

described by Bravo et al. (2013). Briefly, first, spent coffee grounds were dried to a 

constant weight at 102 ±3 ºC in an oven JP SELECTA (Barcelona, Spain) and defatted 

with petroleum ether (1:11, w/v) for 3 h at 60 °C in a Soxhlet extraction system 

(Extraction Unit B-811 Standard Büchi, Flawil, Switzerland). Then, 24 g of spent coffee 

was extracted with a volume of 400 mL of water using a filter coffeemaker (model 

AVANTIS 70 Inox, Ufesa, Spain). Extraction took approximately 6 min at 90 ºC. 
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Aqueous spent coffee extracts were lyophilized using a CRYODOS Telstar (Terrassa, 

Spain) and stored at -20ºC until sample analysis. 

2.3. Cell Culture  

HeLa cells (derived from human cervical cancer) were obtained from the American Type 

Culture Collection (ATCC, Manassas, VA, USA). Cells were maintained as monolayer 

cultures in DMEM supplemented with 10 % FBS and 1 % antibiotic (10000 U/mL 

penicillin and 10000 µg/mL streptomycin, Gibco), under an atmosphere of 5 % CO2 at 

37 ºC. Cells were trypsinized when nearly confluent. 

2.4. Cytotoxicity  

Cell viability was determined by assessing the reduction of MTT to formazan by the 

mitochondrial enzyme, succinate dehydrogenase, as described by Mosmann 

(Mosmann, 1983). Cells were seeded in 96-well plates at 2×104 cells/well and 

maintained for 24 h until confluence. Arabica and Robusta spent coffee extracts were 

then added to medium at 37, 111, 333, 1000 and 3000 µg/mL. After 2 and 24 h 

treatments, cells were washed with phosphate-buffered saline (PBS), and 25 µl MTT (5 

mg/mL) in PBS was added to 225 µL of fresh medium to each well. After an incubation 

of 2 h and 30 min at 37 ºC, the supernatant was removed, and the insoluble formazan 

crystals were dissolved with 100 µL of DMSO. The absorbance was measured at 

540 nm using a spectrophotometer reader (Spectra MR, Dinex Technologies). Results 

were expressed as the percentage of viability (%) with respect to the control (medium 

treated cells) according to the following formula: [(absorbance treated cells-absorbance 

blank)/ (absorbance control cells-absorbance blank)] × 100. 

2.5. Intracellular ROS level  

Intracellular ROS level was determined by using fluorescent probe 

dichlorodihydrofluorescein diacetate (H2DCF-DA), according to Wang and Joseph 

(Wang & Joseph, 1999). H2DCF-DA is enzimatically hydrolyzed by intracellular 

esterases to originate non-fluorescent H2-DCF, which is then rapidly oxidized to 

originate highly fluorescent DCF in the presence of ROS. The DCF fluorescence 

intensity parallels the amount of intracellular ROS. Two different types of experiments 

were carried out: (1) treatment of cells with spent coffee extracts to test their direct effect 

on intracellular ROS level and (2) pretreatment of cells with spent coffee extracts before 

submitting the cells to an oxidative stress to test their protective effect against ROS level 

increase induced by hydrogen peroxide. HeLa cells were seeded in 96-well plates at 
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2x104 cells/well. In experiment (1), 24 h after seeding, 200 µL of H2DCF-DA (100 µM) in 

serum- and phenol red-free DMEM was added to each well for 30 min at 37 ºC. 

Afterwards, cells were washed once with PBS and exposed for 2 and 24 h to Arabica 

and Robusta spent coffee extracts in phenol red-free DMEM at 37, 111, 333 and 

1000 µg/mL. For experiment (2), cells were pretreated during 2 and 24 h with Arabica 

and Robusta spent coffee extracts at 37, 111, 333 and 1000 µg/mL, the H2DCF-DA 

(100 µM) probe was added to each well for 30 min at 37 ºC, and the cells were washed 

once with PBS and fresh phenol red-free DMEM containing 500 µM H2O2 was added to 

all cultures except controls for 10 min at 37 ºC. In both experiments, intracellular ROS 

were measured using a microplate fluorometer Fluoroskan Ascent (Thermo 

Labsystems) at an emission wavelength of 538 nm and an excitation wavelength of 

485 nm. ROS level was expressed as the fluorescence of the treated samples (spent 

coffee treated cells) compared to the fluorescence of the control samples (medium 

treated cells) = [(fluorescence treated cells/fluorescence control cells) x 100]. 

2.6. DNA damage 

DNA damage was determined by comet assay able to detect SBs and oxidative DNA 

damage in culture cells. The inclusion of FPG digestion allowed the detection of the 

main purine oxidation product 8-oxoguanine as well as other altered purines. Two 

different types of experiments were carried out: (1) treatment of cells with spent coffee 

extracts to rule out their ability to cause SBs and oxidative DNA damage and (2) 

pretreatment of cells with spent coffee extracts before submitting the cells to an 

oxidative damage to evaluate their genoprotective effect against induced DNA damage. 

HeLa cells were seeded in 24-well plates at 8×104 cells/well. A negative control with 

cells treated with medium and two positive controls were also included: cells treated with 

a solution of 500 µM H2O2 for 10 min (on ice) to induce SBs and cells treated with 

1 µM Ro plus visible light from a 500 W tungsten-halogen source at 33 cm (10 min on 

ice) to induce 8-oxoGua. In experiment (1), 24 h after seeding, cells were exposed for 2 

and 24 h to spent coffee extracts in medium at 111 and 333 µg/mL. For experiment (2), 

cells were preincubated for 2 and 24 h at 37 ºC with spent coffee extracts in medium 

and then were washed with PBS and treated on ice with H2O2 (500 µM) for 10 min or 

with 1 µM Ro plus visible light (10 min) depending on the DNA damage to evaluate, as 

described previously. DNA damage (SBs and 8-oxoGua) was evaluated by the comet 

assay without and with FPG, respectively. 
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The comet assay technique was applied according to Singh et al. (Singh, McCoy, Tice & 

Schneider, 1988), Tice et al. (Tice et al., 2000) and Collins et al. (Collins & Dusinská, 

2002) with some modifications. Thirty microliters of each cell suspension 

(1×106 cells/mL in PBS) were mixed with 140 µL of 1 % low melting point agarose, and 

two drops of 70 µL of this mixture were placed on a microscope slide precoated with 

1 % of normal melting point agarose. Three slides were prepared for each condition. 

Slide 1 for observing DNA SBs, and slides 2 and 3 for obtaining information regarding 

the presence of oxidized DNA bases using FPG enzyme. A cover slip was put on top of 

each drop and the gels were allowed to set for 5 min at 4 ºC. Then the cover slip was 

removed and the slides were immersed in lysis solution (2.5 M NaCl, 0.1 M Na2-EDTA, 

0.01 M Trizma-BASE, pH 10, with 1 % Triton X-100 added prior to use) at 4 ºC for 1 h. 

After that, slides 2 and 3 were washing three times (5 min each time) with enzyme buffer 

(0.1 M KCl, 0.04 M HEPES-KOH, 0.0005 M Na2-EDTA, 0.2 mg/mL BSA, pH 8.0) prior to 

incubation for 30 min at 37 ºC with 50 µL of buffer (slide 2) or FPG in the enzyme buffer 

(slide 3) in a humid chamber. The slides then were placed on a horizontal gel 

electrophoresis tank filled with freshly prepared alkaline buffer (0.3 M NaOH and 

0.001 M Na2-EDTA, pH > 13), at 4 ºC for 20 min, to allow DNA unwinding. 

Electrophoresis was carried out for 30 min at 25 V (~0.8 V/cm across the gels and 

~300 mA). Finally, slides were neutralized in PBS during 10 min, washed two times 

(5 min each) with deionized water and fixed with ethanol 96 % (5 min). 

Gels were stained with 35 µL of 1 µg/mL DAPI and comets were analyzed in a 

fluorescence microscopy (Eclipse 50 i NIKON). A total of 100 comets on each slide were 

scored through a computer-assisted image analysis (Comet assay IV, Perceptive 

Instruments), by measuring the percentage of DNA in the tail. 

2.7. Statistical analysis . Data are presented by descriptive analysis [mean ± standard 

deviation (SD) for three independent experiments]. Comparisons were performed by the 

non-parametric Mann-Whitney U-test. The p ≤ 0.05 probability was accepted as the 

level of significance. All statistical analyses were performed using the SPSS v.15.0 

software package. 

3. Results 

3.1. Cytotoxicity  

The cytotoxicity of Arabica and Robusta spent coffee extracts was measured in HeLa 

cells at short (2 h) and long (24 h) exposure times using the MTT reduction assay 
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(Figure 1). After 2 h incubation, the viability of HeLa cells was not affected (>80%) by 

both spent coffee extracts up to 1000 µg/mL, but a remarkable decrease (~60%) was 

observed for Arabica filter spent coffee extract at 3000 µg/mL (Figure 1A). After 24 h of 

treatment, HeLa cells viability decreased in a concentration-dependent manner, and a 

clear toxic effect at 3000 µg/mL was observed for both spent coffee extracts (Figure 1B).  
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Figure 1. Viability curves of HeLa cells after 2 and 24 h of incubation with spent coffee 

extracts, obtained with the MTT assay. Results are expressed as mean ± SD of three 

independent experiments. 
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Therefore, in order to evaluate the possible protective effect of Arabica filter and 

Robusta espresso spent coffee extracts on intracellular ROS level and DNA damage, 

concentrations between 37-1000 µg/mL were chosen, under the same exposure times. 

3.2. Effect of spent coffee extracts on intracellul ar ROS level 

After 2 and 24 h of treatment with spent coffee extracts, the level of intracellular ROS 

was evaluated in HeLa cells (Figure 2). Robusta espresso spent coffee extract did not 

induce any relevant ROS level increase at none of the concentrations studied after 2 

and 24 h exposure. However, at the highest concentrations (1000 µg/mL after 2 h and 

also at 333 µg/mL after 24 h) a slight but not relevant ROS level increase was observed 

for Arabica filter spent coffee extract. A significant basal ROS level decrease was 

observed after treatment with 37 and 111 µg/mL of both spent coffee extracts at short 

and long exposure times in comparison to control cells. 

3.3. Protection of spent coffee extracts against in tracellular ROS level increase 

The protective effect of spent coffee extracts against ROS level increase induced by 

500 µM H2O2 (10 min, 37 ºC) was evaluated (Figure 3). After 2 h of exposure, spent 

coffee extracts pretreatment showed a significant decrease in ROS level at 1000 µg/mL 

(Figure 3A). At the long pretreatment of 24 h, the ROS level significantly decreases at 

the highest concentration (1000 µg/mL) for both spent coffee extracts, but also at 

333 µg/mL for Robusta espresso spent coffee extract (Figure 3B).  
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Figure 2. Intracellular ROS level of HeLa cells treated during 2 and 24 h with different 

concentrations of spent coffee extracts. Results are expressed as mean ± SD of three 

independent experiments.* Significantly different from medium-treated cells (C-) 

(p ≤ 0.05). 
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Figure 3. Protective effect of spent coffee extracts against H2O2–induced ROS 

production, evaluated by the dichlorofluorescein assay. HeLa cells were incubated for 

10 min (37 ºC) in the presence of 500 µM H2O2. Spent coffee extracts were added to the 

cells 2 and 24 h prior to the addition of the oxidative stimulus. Results are expressed as 

mean ± SD of three independent experiments.* Significantly different from H2O2 treated 

cells (p ≤ 0.05). 
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3.4. Genotoxicity of spent coffee extracts 

Firstly, the effect of Arabica and Robusta spent coffee extracts on induction of SBs and 

oxidized bases was assessed by the comet assay without and with FPG treatment 

respectively. HeLa cells were treated with 111 and 333 µg/mL of Arabica and Robusta 

spent coffee extracts for 2 and 24 h. The percentage of DNA in the tail was less than 

3%, similar to control cells (data not shown). Therefore, none of the studied 

concentrations induce relevant SBs or oxidized purines (FPG-sensitive sites) in the 

cells. 

3.5. Protective effect of spent coffee extracts aga inst DNA SBs and oxidative DNA 

damage 

Then, to evaluate the ability of Arabica filter and Robusta espresso spent coffee extracts 

to protect against DNA damage, HeLa cells were incubated for 2 and 24 h with 111 and 

333 µg/mL spent coffee extracts before treatment with H2O2 or Ro plus visible light. In 

previous experiments, two concentrations of H2O2 were initially evaluated: 25 and 

500 µM. However, the highest one (500 µM) was chosen to exacerbate DNA damage 

(36.7 % of damage for 500 µM vs 8.8 % for 25 µM) and highlight cells able to protect 

themselves from the oxidative stress. At tested concentrations, DNA strand breaks were 

significantly reduced by the pretreatment with both spent coffee extracts (except for 

Arabica 111 µg/mL at 2 h exposure) showing a strong protective effect against H2O2-

induced DNA damage with a significant dose-dependent decrease (p ≤ 0.05) after a 

long period of incubation (24 h) (Figure 4).  
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Figure 4. Protective effect of spent coffee extracts against H2O2–induced formation of 

DNA strand breaks, evaluated by the comet assay. HeLa cells were incubated for 

10 min (on ice) in the presence of 500 µM H2O2. Spent coffee extracts were added to 

the cells 2 and 24 h prior to the addition of the oxidative stimulus. Results are expressed 

as mean ± SD of three independent experiments.* Significantly different from H2O2 

treated cells (p ≤ 0.05). 
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To evaluate oxidative DNA damage in pilot studies, we exposed HeLa cells for 5 and 

10 min to Ro plus visible light to induce 8-oxoGua. However, we chose 10 min because 

the percentage of DNA damage obtained in our experimental conditions was more 

suitable (59.1 % of damage for 10 min vs 33.8 % of damage for 5 min) to determine the 

ability of spent coffee extracts to protect against this oxidative damage. In this study, 

after 2 h of incubation, there was not any significant decrease of oxidized DNA bases at 

none of the concentrations of Arabica and Robusta spent coffee extracts assessed 

(Figure 5A). However, after 24 h of incubation, Robusta espresso spent coffee extract at 

333 µg/mL significantly reduced the DNA damage detected by the FPG enzyme (Figure 

5B). 
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Figure 5. Protective effect of spent coffee extracts against Ro-induced purines oxidation 

(FPG-sensitive sites). HeLa cells were incubated for 2 and 24 h with spent coffee 

extracts, prior to the treatment with 1 µM Ro (10 min, on ice) plus light. Results are 

expressed as mean ± SD of three independent experiments.* Significantly different from 

Ro treated cells (p ≤ 0.05). 
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4. Discussion 

Spent coffee that is produced in tons by restaurants and cafeterias, and by consumers 

at domestic levels, could be a good opportunity to have an important source of natural 

antioxidants. Spent coffee grounds obtained from the preparation of coffee brews 

(Arabica from Guatemala and Robusta from Vietnam) with the most common 

coffeemakers (filter, espresso, plunger and mocha) have antioxidant capacity (Folin-

Ciocalteau, ABTS and DPPH) because the presence of relevant amounts of 

caffeoylquinic acids, mainly dicaffeoylquinic acids, caffeine and melanoidins, with the 

exception of those obtained from mocha coffeemaker (Bravo et al., 2012). Moreover, in 

this previous work, it is shown that aqueous extracts from spent coffee grounds obtained 

by filter coffeemaker for Arabica coffee and by espresso coffeemaker for Robusta coffee 

were those with the highest antioxidant capacity. For these reasons and because these 

antioxidant assays in test tubes do not necessarily reflect the cellular conditions, in the 

present study we have evaluated the possible antioxidant and antigenotoxic effects of 

these two spent coffee extracts in a biological system, and the HeLa cell line was 

selected for that. Two treatment times were assessed, one short of 2 h in order to avoid 

cell reparation of the possible DNA damage, and the other, a longer treatment time of 

24 h in order to take advantage of the spent coffee extracts uptake into the HeLa cells. 

Firstly, cytotoxicity was tested in order to select non cytotoxic concentrations for further 

protection assays. For both spent coffee extracts, 3000 µg/ml was the highest 

concentration that we could evaluate, because evident signs of precipitation were 

observed under the microscope at higher concentrations. No cytotoxic effects were 

observed after 2 and 24 h treatment with both spent coffee extracts in the dose range of 

37-1000 µg/ml, with the latter being slightly cytotoxic (cell viability < 60%) after 24 h. 

It is well-known that some of the compounds with antioxidant properties present in 

coffee, such as phenolic compounds, caffeine and molecules of the early phases of 

Maillard reaction may have prooxidant activity under certain conditions such as high 

doses or in the presence of metal ions (Azam, Hadi, Khan & Hadi, 2003; Zheng, Dai, 

Zhou, Yang & Liu, 2008; Caemmerer, Chodakowski, Gienapp, Wohak, Hartwig & Kroh, 

2012). Therefore, due to the fact that oxidative stress can be induced by prooxidant 

agents, either through the formation of ROS or the inhibition of antioxidant systems 

(Yordi, Molina Pérez, Matos & Uriarte Villares, 2012), the possible induction of ROS by 

the spent coffee extracts was evaluated. A significant ROS increase was detected only 

for Arabica spent coffee extract at high concentrations. At both exposure times (2 and 
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24 h) and in the absence of an induced oxidative stress, both spent coffee extracts at 

the concentrations of 37 and 111 µg/ml significantly reduced the basal ROS production. 

This suggests that spent coffee extracts could alter the oxidative environment of cells. 

When the H2O2-induced oxidative stress was applied, both spent coffee extracts were 

able to significantly reduce ROS production at the highest concentrations (333-

1000 µg/mL). Bakuradze et al. (2010) reported that ROS production was reduced by 

pre-incubating HT-29 cells with Arabica and Robusta filter coffee brews, and explained 

this capacity by the presence of 5-caffeoylquinic acid (5-CQA) and thermal degradation 

products. In line with this, many studies have shown the potential of 5-CQA for 

decreasing ROS induced by hydrogen peroxide (Pavlica et al., 2005; Cho et al., 2009). 

In a previous study, we have reported that 5-CQA is the major phenolic compound 

quantified in Arabica and Robusta spent coffee extracts (Bravo et al., 2012). Taking into 

account this fact and in accordance with previous literatures, the efficiency of spent 

coffee extracts could be attributed to this phenolic acid but also to the contribution of 

other phenolic compounds and Maillard reaction products (MRPs). 

No genotoxic effects (SBs and FPG-sensitive sites) were detected using the comet 

assay in HeLa cells after 2 and 24 h treatment with spent coffee extracts at the highest 

non cytotoxic concentration (cell viability > 80 %). Therefore, the concentrations 

selected for studying spent coffee extracts protection against DNA damage by the 

comet assay were 111 and 333 µg/mL. DNA damage is a useful biomarker of the 

oxidative status. Thus, in order to evaluate the effectiveness of Arabica filter and 

Robusta espresso spent coffee extracts to protect against induced DNA strand breaks, 

an oxidative insult with H2O2 was applied. H2O2 produces DNA strand breaks mimicking 

the effect of radiation on DNA (Dahm-Daphi, Sass & Alberti, 2000). After a short 

treatment (2 h) with 333 µg/ml extracts, Arabica and Robusta spent coffee showed a 

strong protective effect against H2O2– induced DNA damage in HeLa cells (73 and 64 % 

protection, respectively). However, at 111 µg/ml, only Robusta espresso spent coffee 

extract protected DNA against this damage (47 % protection). After a long treatment 

(24 h), all the tested concentrations of spent coffee extracts showed a protective effect 

against H2O2–induced DNA damage, ranging from 29 % to 65 % protection. These 

results are in concordance with the protective effect observed in mouse lymphoma cells 

after N-methyl-N-nitro-N-nitrosoguanidine exposure by caffeinated instant coffee 

(Abraham & Stopper, 2004). In a recent study, the intermediate and final MRPs have 
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been found to contribute to the capacity of instant coffee to diminish DNA damage in 

HT-29 cells (Del Pino-García et al., 2012).  

Strand breaks are not the only kind of DNA damage in cells, also oxidized bases are 

present and 8-oxoguanine is one of the most common DNA lesions. In this study, we 

exposed HeLa cells to Ro plus visible light to induce 8-oxoGua. Only Robusta espresso 

spent coffee extract, at the highest concentration tested (333 µg/mL) and after a long 

period of incubation (24 h), showed a significant protection against Ro plus visible light-

induced purines oxidation (11.5 % protection). To our knowledge, this is the first time 

that the ability of spent coffee to protect against DNA SBs and oxidative DNA damage 

has been shown. However, the capacity of coffee to protect human lymphocytes against 

oxidative DNA-damage (Bichler et al., 2007; Hoelzl et al., 2010) and the effect of 

standards of coffee compounds on DNA damage have been studied. Thus, 5-CQA that 

is one compound quantified in Arabica and Robusta spent coffee extracts (Bravo et al., 

2012) has been found to decrease radical induced DNA damage in bacterial and 

mammalian cells (Faustmann et al., 2009). However in the present study, Robusta 

espresso spent coffee extract which has less amount of 5-CQA (117.40 µg/mL) than 

Arabica filter (261.06 µg/mL) (Bravo et al., 2012) was more effective in protection 

against induced oxidative DNA damage. Indeed, similar results were obtained by 

Schaefer et al. (Schaefer, Baum, Eisenbrand, Dietrich, Will & Janzowski, 2006), who 

reported that the most active polyphenolic apple juice extracts protecting against 

menadione-induced DNA damage in Caco-2 and HT-29 cells were those which 

contained low concentrations of chlorogenic acid.  

Another major compound present in the spent coffee extracts is caffeine (Bravo et al., 

2012). In the present study, the most active spent coffee extract was Robusta espresso 

which contains higher concentrations of caffeine (626.70 µg/mL vs 378.32 µg/mL) than 

Arabica filter. This xanthine has been found to protect against oxidative damage of calf 

thymus DNA and radical induced migration in human lymphocytes (Faustmann et al., 

2009). These results suggest that other phenolic and non-phenolic bioactive 

compounds, such as caffeine but also other Maillard reaction products, might contribute 

to the antigenotoxic activity of spent coffee extracts. Besides, these results highlight the 

relevance of studying these compounds in the coffee matrices, or in general food 

matrices, instead of the pure compounds. 

The higher effectiveness of Robusta espresso spent coffee extract on protection against 

DNA purines oxidation might be explained by the enhance intracellular antioxidant 
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capacity, due to the fact that under the same conditions where this genoprotective effect 

was detected, a significant decrease level of ROS was also observed. Also other 

mechanisms such as endogenous defence systems could contribute because this 

genoprotective effect was only observed after the long incubation (24 h). 

In conclusion, in the experimental conditions of this work, spent coffee extracts show 

antioxidant and antigenotoxic properties, revealing that the use of these coffee by-

products which contain bioactive compounds may provide new strategies to protect 

against oxidative stress related diseases, such as cancer. Additionally, further studies 

about the compounds responsible and the underlying mechanisms in humans would be 

necessary to corroborate the significance of these results. 
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human cells. Influence of the in vitro digestion process  (Paper 4, in preparation). 
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café en células humanas. Influencia del proceso de digestión in vitro (Publicación 

4, en preparación). 
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ABSTRACT 

Coffee and spent coffee which is its major by-product, are an important source of 

bioactive compounds, such as chlorogenic acids, melanoidins and caffeine. In this work, 

Arabica filter and Robusta espresso coffee brews and their corresponding spent coffee 

extracts were subjected to in vitro gastroduodenal digestion, and the ability of the 

undigested and digested fractions to protect against H2O2-induced cytotoxicity in HeLa 

and SH-SY5Y cells and on ROS production in SH-SY5Y cells were evaluated. Arabica 

and Robusta coffee brews and spent coffee extracts submitted to digestion caused 

higher cytotoxicity (MTT assay) than the undigested ones, probably as a result of 

digestion-induced modifications in their chemical composition (Gel Filtration 

Chromatography). The undigested Robusta espresso coffee brews protected HeLa cells 

from H2O2-induced death after 24 h preincubation. However, undigested and digested 

coffee brews and spent coffee extracts failed to prevent induced cell death and 

intracellular ROS accumulation in neuroblastoma cells (SH-SY5Y).  

 

KEYWORDS: 

Coffee; Spent coffee; in vitro digestion; Oxidative stress 
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Introduction 

Oxidative stress and inflammatory processes are involved in the pathogenesis of 

neurodegenerative disorders such as Alzheimer's disease (AD), Parkinson's disease 

(PD) and amyotrophic lateral sclerosis (ALS). Brain cells appear to be at particular risk 

from free radical damage, because endogenous defense mechanisms are relatively 

deficient (Olanow, 1993; Chong, Li, & Maiese, 2005). Accumulating evidence supports 

that in these pathological conditions, an increase in the production of reactive oxygen 

species (ROS), including hydrogen peroxide (H2O2), trigger a cascade of events leading 

to cell death either by necrosis or apoptosis (Zhou, Huang, & Przedborski, 2008). The 

beneficial effects of coffee on neurodegenerative disorders have mainly been attributed 

to caffeine (Maia & De Mendonça, 2002; Nakaso, Ito, & Nakashima, 2008). However, 

coffee is also a rich source of phenolic compounds such as chlorogenic acids and 

compounds developed during the roasting process, such as melanoidins that have been 

identified as antioxidants. Thereby, the neuroprotective effect of decaffeinated coffee in 

primary cortical neurons (Kim et al., 2012) and in Drosophila models of PD (Trinh et al., 

2010) has been demonstrated, suggesting that active constituents of coffee other than 

caffeine contribute to this neuroprotection. Further studies demonstrated that 

chlorogenic acid and the metabolite caffeic acid possess protective effect against 

oxidative stress in PC12 cells (Pavlica & Gebhardt, 2005). However, many of these 

studies have evaluated the effect of pure single molecules ignoring that they are 

ingested as a part of the coffee matrix, thereby losing possible synergisticc and/or 

antagonic activities among coffee compounds.  

On the other hand, the coffee industry and cafeterias are responsible for the generation 

of large amounts of residues including spent coffee, which are those obtained after 

coffee beverage preparation. Spent coffee has also been reported as a good source of 

antioxidants such as chlorogenic acids, melanoidins and caffeine (Yen,W. J., Wang, B., 

Chang, L., & Duh, P., 2005; Ramalakshmi, Rao, Takano-Ishikawa, & Goto, 2009; 

Mussatto, Ballesteros, Martins, & Teixeira, 2011; Bravo et al., 2012; Cruz et al., 2012; 

Murthy & Madhava Naidu, 2012). 

Many of the in vitro studies investigating the functional properties of coffee and their 

compounds disregard the chemical alterations occurring during the gastrointestinal 

digestive process, with a possible impact on the native antioxidant potential of coffee 

and each of its constituents. Nevertheless, an in vitro model has been reported to be 

very useful for evaluating the effects of simulated digestion on dietary polyphenols, e.g. 
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pomegrante juice phenolic compounds (Pérez-Vicente, Gil-Izquierdo, & García-Viguera, 

2002), grape polyphenols (Tagliazucchi, Verzelloni, Bertolini, & Conte, 2010), blackberry 

polyphenols (Tavares et al., 2012). To our knowledge, in the case of coffee, the effect of 

simulated digestion has been reported only for instant coffee (Cha, Song, Kim, & Pan, 

2012; Tagliazucchi, Helal, Verzelloni, & Conte, 2012), and no data in the literature 

regarding bioaccessibility of spent coffee has been found. Therefore, the aim of the 

present study was to monitor the chemical changes occurring during a simulated 

gastroduodenal digestion on two coffee brews, Arabica filter and Robusta espresso, and 

their corresponding spent coffee. Furthermore, we simultaneously investigated and 

compared the capacity of undigested and digested coffee brew and spent coffee to 

protect against hydrogen-peroxide (H2O2)-induced cytotoxicity in HeLa and SH-SY5Y 

cells. We also evaluated the effect of undigested and digested coffee brew and spent 

coffee on ROS production in SH-SY5Y cells. The human neuroblastoma SH-SY5Y cell 

line was chosen because it is a useful model system for studying neuronal cell death 

induced by oxidative stress. Comparison between results with the two cell lines will 

reveal a possible neuroprotective effect of coffee brew and spent coffee. 

 

Materials and methods 

Chemicals . Hydrochloric acid (4 N), sodium bicarbonate, pepsin from porcine gastric 

mucosa (P400 units/mg protein), pancreatin from porcine pancreas (8 x USP), bile salts, 

were purchased from Sigma–Aldrich (Milan, Italy). Hydrogen peroxide and MTT were 

obtained from Sigma-Aldrich (Steinheim, Germany). 2´, 7´-dichlorfluorescein-diacetate 

(H2DCF-DA) was from Invitrogen Molecular Probes (Eugene, Oregon, USA). DMSO was 

purchased from Panreac Quimica SAU (Barcelona, Spain).  

Coffee brews and Spent Coffee Preparation . Roasted coffee from Guatemala (Coffea 

arabica, named Arabica, 3.03 % water content, L* = 25.40±0.69, roasted at 219 °C for 

905 s) and Vietnam (Coffea canephora var. robusta, named Robusta, 1.59 % water 

content, L* = 24.92±0.01, roasted at 228 °C for 859 s) was provided by a local factory. 

The L* value was analyzed by means of a tristimulus colorimeter (Chromameter-2 CR-

200, Minolta, Osaka, Japan) using the D65 illuminant and CIE 1931 standard observer. 

The instrument was standardized against a white tile before sample measurements. 

Ground roasted coffee was spread out in a 1 cm Petri plate, and the L* value was 
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measured in triplicate on the CIELab scale. Coffee beans were ground for 20 s using a 

grinder (model Moulinex super junior “s”, París, France).  

Two coffee brewing procedures were selected to obtain the spent coffee: filter and 

espresso coffeemakers. The coffee brews were prepared as described by López-

Galilea, de Peña, & Cid (2007) with some modifications. Filter coffee brew was prepared 

from 24 g of ground roasted coffee for a volume of 400 mL of water, using a filter 

coffeemaker (model AVANTIS 70 Inox, Ufesa, Spain). Extraction took approximately 6 

min at 90 ºC. Espresso coffee brew was prepared from 7 g of ground roasted coffee for 

a volume of 40 mL using an espresso coffeemaker (model Saeco Aroma, Italy). The 

water pump pressure was 15 bar. Extraction took approximately 24 s at 90 ºC. 

Arabica filter and Robusta espresso coffee brews were lyophilized and stored at -20 ºC 

until analysis. Ground roasted coffee after brewing procedures, called spent coffee, 

were dried to a constant weight for 2 hours at 102 ±3 ºC in an oven JP SELECTA 

(Barcelona, Spain).  

Spent Coffee Extracts Preparation. Arabica and Robusta spent coffee extracts were 

prepared according to the method described by Bravo, Monente, Juániz, de Peña, & Cid 

(2013). Briefly, first, spent coffee was defatted with Petroleum Ether (1:11, w/v) for 3 h at 

60 ºC in a Soxhlet extraction system (Extraction Unit B-811 Standard BÜCHI, Flawil, 

Switzerland). Then, 24 g of spent coffee were extracted with a volume of 400 mL of 

water using a filter coffeemaker (model AVANTIS 70 Inox, Ufesa, Spain). Extraction 

took approximately 6 min at 90 ºC. Aqueous spent coffee extracts were lyophilized and 

stored at -20 ºC until analysis. 

In vitro simulated gastroduodenal digestion process. The aqueous solutions of 

freeze-dried coffee beverage or spent coffee, from Arabica and Robusta were submitted 

to in vitro simulated gastroduodenal digestion following the method described by 

Amoroso, Maga, & Daglia (2012) with some modifications. Briefly, a 100 mg aliquot of 

freeze dried coffee sample was added to 10 mL of freshly prepared pepsin (1.6 g in 

10 mL of 0.1 M HCl), the pH was adjusted to 2.00 ± 0.02 using 4 M HCl, and the sample 

was incubated at 37 °C for 2 h in a shaking water bath. After the gastric digestion step, 

the sample was subdivided into two samples: the first sample was freeze dried to obtain 

the gastric digested coffee sample (G). The second sample was adjusted to 7.00 ± 0.02 

with 0.1 M NaHCO3. Then the sample was added to 0.625 mL of freshly prepared 

pancreatin–bile salts mixture (0.01 g of pancreatin and 0.25 g of bile salts in 5 mL of 



Results  

92 

0.1 M NaHCO3) and incubated at 37 °C for 1 h. At the end of the gastroduodenal 

digestion, the sample was freeze dried to obtain the gastroduodenal digested coffee 

sample (GD). 

Moreover, a 50 mg aliquot of freeze dried coffee sample was adjusted to 7.00 ± 0.02 

with 0.1 M NaHCO3. Then the sample was added to 0.625 mL of freshly prepared 

pancreatin–bile salts mixture as reported above, and incubated at 37 °C for 1 h. At the 

end of the duodenal digestion, the sample was freeze dried to obtain the duodenal 

digested coffee sample (D). The residues (G, D, GD) were brought to 50 mL so that the 

concentration of the samples is 1mg/mL. 

Gel Filtration Chromatography (GFC) . All experiments were performed using a 1100 

HPLC system (Agilent, Waldbronn, Germany) equipped with a gradient quaternary 

pump, and a diode array detector (DAD) system. The stationary phase was HSPgel 

Waters AQ 3.0 (exclusion limits 1000-60000 Da). The mobile phase was Millipore grade 

water at a flow rate of 0.3 mL/min, with an injected volume of 10 µL. UV spectra were 

recorded in the 190-600 nm range, and chromatograms were acquired at 254, 280, 324, 

and 420 nm.  

Cell Culture . HeLa cells (derived from human cervical cancer) and SH-SY5Y cells 

(derived from human neuroblastoma) were maintained as monolayer cultures in 

Dulbecco´s Modified Eagle´s Medium (DMEM, Gibco, Prat de Llobregat, Barcelona, 

Spain) supplemented with 10 % fetal bovine serum (FBS, Gibco), 1 % antibiotic 

(10000 U/mL penicillin and 10000 µg/mL streptomycin, Gibco), under an atmosphere of 

5 % CO2 at 37 ºC. Cells were trypsinized when nearly confluent. 

MTT assay . Cell viability was determined by assessing the reduction of MTT (3-(4,5-

methyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide) to formazan by the mitochondrial 

enzyme, succinate dehydrogenase, as described by Mosmann (1983). In this assay, two 

different types of experiments were carried out: (1) treatment of cells with undigested 

and digested extracts to test for a direct effect on cell viability and (2) pretreatment of 

cells with undigested and digested extracts before submitting the cells to hydrogen 

peroxide-induced cell death to test for a cytoprotective effect. HeLa and SH-SY5Y cells 

were seeded in 96-well plates at 2×104 cells/well and maintained for 24 h until 

confluence. Undigested and digested coffee samples were then added to medium at 37, 

111, 333 and 1000 µg/mL. (1) After 24 h treatment, cells were washed with phosphate-

buffered saline (PBS), and 25 µl MTT (5 mg/mL) in PBS was added to 225 µL of fresh 
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medium to each well. (2) After 24 h treatment with non-toxic concentrations of 

undigested and digested extracts, cells were washed once with PBS and treated with 

H2O2 500 µM for 2 h (HeLa) and for 1 h (SH-SY5Y) at 37ºC. Then, cells were washed 

with PBS, and 25 µL MTT (5 mg/mL) in PBS was added to 225 µL of fresh medium to 

each well. In both experiments, after an incubation of 2 h and 30 min with MTT at 37 ºC, 

the supernatant was removed, and the insoluble formazan crystals were dissolved with 

100 µL of DMSO. The absorbance was determined at 540 nm using a 

spectrophotometer reader (Spectra MR, Dinex Technologies). Results were expressed 

as the percentage of viability (%) with respect to the control (medium treated cells) 

according to the following formula: ((absorbance treated cells – absorbance blank)/ 

(absorbance control cells-absorbance blank)) × 100. 

Dichlorofluorescein assay . The effect of undigested and digested coffee brew and 

spent coffee samples on intracellular reactive oxygen species (ROS) was determined by 

using fluorescent probe DCFH-DA (2´, 7´-dichlorfluorescein-diacetate), according to 

Wang & Joseph (1999). H2DCF-DA is enzimatically hydrolized by intracellular esterases 

to originate non-fluorescent H2-DCF, which is then rapidly oxidizied to originate highly 

fluorescent DCF in the presence of ROS. The DCF fluorescence intensity parallels the 

amount of intracellular ROS. In this assay only SH-SY5Y cells were used. 

SH-SY5Y cells were seeded in 96-well plates at 4x104 cells/well. Twenty-four hours after 

seeding, cells were exposed for 24 h to 37, 111 and 333 µg/mL of undigested and 

digested extracts in phenol red-free DMEM. Afterwards, cells were washed once with 

PBS and 200 µL of H2DCF-DA (100 µM) in serum- and phenol red-free DMEM was 

added to each well for 30 min at 37 ºC. To study the ability of undigested and digested 

extracts to protect from the induced increase of ROS level, cells were washed once with 

PBS and new phenol red-free DMEM containing 500 µM H2O2 was added to all cultures 

except controls for 14 min at 37 ºC. Then, ROS were measured using a microplate 

fluorometer Fluoroskan Ascent (Thermo Labsystems) at an emission wavelength of 

538 nm and an excitation wavelength of 485 nm. ROS level was expressed as the 

fluorescence of the treated samples compared to the fluorescence of the control 

samples (medium treated cells) = [(fluorescence treated cells/fluorescence control cells) 

x 100]. 

Statistical Analysis. Data are presented by descriptive analysis [mean ± standard 

deviation (SD) for three independent experiments]. Comparisons were performed by the 

non-parametric Mann-Whitney U-test. The p ≤ 0.05 probability was accepted as the 
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level of significance. All statistical analyses were performed using the SPSS v.15.0 

software package. 

Results and discussion 

Coffee is well known to be a rich source of bioactive compounds and exhibit high 

antioxidant capacity. Furthermore, spent coffee that is the residue obtained after coffee 

brew preparation has also been reported to be a rich source of antioxidants 

(Ramalakshmi et al., 2009; Mussatto et al., 2011; Bravo et al., 2012, 2013; Cruz et al., 

2012; Murthy & Madhava Naidu, 2012). In a previous work, we have shown that spent 

coffee obtained from the most common coffeemakers (filter, espresso and plunger) has 

antioxidant properties due to the presence of caffeoylquinic acids, mainly 

dicaffeoylquinic acids, melanoidins and caffeine (Bravo et al., 2012). After ingestion, 

coffee and spent coffee bioactive compounds may suffer many modifications or even 

degradation by the processes of gastroduodenal digestion. In vitro digestion models are 

commonly used to investigate the potential bioavailability of food constituents under 

conditions mimicking the gastrointestinal tract, representing a simple predictive 

instrument and alternative to animal and human studies (Tavares et al., 2012). In the 

present study, we investigated the digestive stability of the composition of Arabica and 

Robusta coffee brews and spent coffee extracts using an in vitro digestion model that 

simulates some physiological conditions of the stomach and small intestine (pH, 

temperature and enzymes). This digestion process produces different digested 

fractions, one gastric digest and two pancreatic digested fractions: duodenal and 

gastroduodenal. Undigested and digested samples were analyzed by Gel Filtration 

Chromatography and by recording chromatograms at four different wavelengths (254, 

280, 324 and 420 nm) to reveal possible changes in their chromatographic profiles. 

Although several studies have evaluated the in vitro stability of some dietary 

polyphenols after gastric and gastroduodenal simulated digestion (Bermúdez-Soto, 

Tomás-Barberán, & García-Conesa, 2007; Tagliazucchi et al., 2010; Siracusa, Kulisic-

Bilusic, Politeo, Krause, Dejanovic, & Ruberto, 2011), to our knowledge, only two 

studies about the stability of major polyphenols from coffee have been found (Cha et al., 

2012; Tagliazucchi et al., 2012). However, these studies were focused in instant coffee, 

therefore, this is the first time that the effect of simulated digestion on filter and espresso 

coffee brews and on their respective spent coffee by-products has been reported. 
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In all the chromatographic profiles obtained for filter and espresso coffee brews and 

spent coffee extracts, it could be observed that the in vitro digestion process produced 

changes in the compounds detected at the different wavelengths studied. Thus, some 

chlorogenic acids present in the coffee samples disappeared with the in vitro digestion 

process while other phenolics appeared. However, caffeic acid, a hydrolysis product of 

CQAs and diCQAs, was not found in the chromatograms after digestion. Other authors 

have reported that chlorogenic acid is not altered during gastric digestion, whereas a 

proportion of this compound may suffer degradation or isomerisation during pancreatic 

digestion due to the mild alkaline conditions, but not relevant hydrolysis of ester bond 

occurs (Bermúdez-Soto et al., 2007; Tagliazucchi et al., 2012). Gastroduodenal 

digested fractions exhibited a major peak in melanoidins showing that some structural 

changes might occur during in vitro digestion (Rufian-Henares & Morales, 2007). 

However, caffeine was stable during in vitro digestion which agreed with the results of 

Cha and co-workers (2012). 

Then, the next step of the present work was to study whether the chemical changes 

observed in the chemical composition of coffee brews and spent coffee extracts during 

simulated digestion affect or not on their potential ability to protect two different cultured 

cell lines against an oxidative insult. 

Firstly, the cytotoxicity of Arabica filter and Robusta espresso undigested and digested 

coffee brews and spent coffee extracts was tested on HeLa and SH-SY5Y cells in order 

to select non cytotoxic concentrations (cell viability ~70%) for further protection assays. 

According to the results of the MTT reduction assay (Table 1), the cell viability was not 

affected (≥80%) by any of the undigested coffee brew and spent coffee at 

concentrations of up to 333 µg/mL in either cell line. After 24 h of treatment with 

1000 µg/mL, cell viability decreased in HeLa cells (≤ 50%), and a clear toxic effect with 

this concentration was observed in SH-SY5Y cells. This result reflects that these 

neuronal cells are more sensitive to Arabica filter and Robusta espresso coffee brews 

and spent coffee extracts than HeLa cells. Furthermore, Arabica filter and Robusta 

espresso coffee brew and spent coffee submitted to digestion were more cytotoxic than 

the undigested ones, probably as a result of digestion-induced modifications in their 

chemical composition. Although we have not found any similar assay in coffee or spent 

coffee in the literature to make a comparison, Tavares et al. (2012) also reported a 

higher cytotoxicity caused by blackberry polyphenols submitted to a simulated 

gastrointestinal digestion in comparison with the original extract. Additionally, gastric 
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fractions were more cytotoxic than the other digested fractions in HeLa cells. In contrast, 

in SH-SY5Y cells, the gastroduodenal fractions were the most cytotoxic. These 

variations may reflect differences in uptake of compounds and metabolic activity of both 

cell lines. 
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Table 1 . Viability percentage of HeLa and SH-SY5Y cells obtained with the MTT assay,  

after 24 h of incubation with undigested and digested coffee brew and spent coffee. 

   Cell viability (%) a 

   Coffee brews  Spent coffee 

Cell 
line 

Var µg/mL WD G D GD  WD G D GD 

37 
106.61 
±24.91 

84.23 
±4.72 

109.42 
±15.09 

93.92 
±12.77 

 
86.10 
±0.61 

73.26 
±2.86 

75.72 
±4.47 

78.97 
±5.87 

111 
107.75 
±38.27 

74.06 
±10.55 

99.44 
±29.72 

83.55 
±19.18 

 
87.80 
±4.23 

64.73 
±4.54 

76.58 
±4.92 

76.88 
±1.27 

333 
102.96 
±17.66 

72.35 
±5.80 

98.29 
±21.81 

88.50 
±20.39 

 
77.01 
±2.11 

62.76 
±1.18 

75.76 
±4.28 

79.47 
±5.94 

A 

1000 
40.84 

±23.30 
63.06 

±19.30 
12.28 

±10.96 
24.12 
±8.39 

 
56.57 

±20.40 
71.80 
±6.22 

23.02 
±0.89 

46.49 
±20.22 

37 
109.09 
±16.63 

88.38 
±14.08 

87.55 
±11.15 

86.07 
±8.00 

 
107.33 
±6.55 

97.89 
±16.58 

104.54 
±3.01 

80.20 
±19.17 

111 
98.88 

±11.60 
72.94 

±11.76 
86.96 

±12.63 
86.95 

±16.57 
 

105.36 
±15.53 

90.56 
±10.22 

91.66 
±4.88 

76.51 
±7.76 

333 
93.76 

±21.94 
74.20 

±12.76 
89.38 

±11.10 
92.98 

±12.38 
 

98.37 
±7.90 

77.00 
±7.68 

88.41 
±10.06 

85.09 
±18.77 

HeLa 

R 

1000 
40.99 

±33.63 
73.85 
±5.30 

26.56 
±11.74 

52.60 
±9.27 

 
80.63 
±2.67 

80.89 
±7.52 

28.15 
±6.89 

33.94 
±7.29 

37 
97.05 

±11.85 
89.03 
±2.67 

98.43 
±2.34 

82.96 
±3.79 

 
87.64 
±6.66 

85.26 
±8.86 

75.49 
±22.13 

73.63 
±12.37 

111 
102.74 
±9.28 

73.69 
±2.08 

90.38 
±3.96 

76.03 
±1.96 

 
83.93 
±6.46 

79.59 
±5.59 

77.40 
±15.14 

65.40 
±2.86 

333 
102.63 
±13.71 

66.28 
±3.68 

78.36 
±9.23 

65.20 
±5.05 

 
74.56 
±1.62 

73.74 
±1.90 

70.53 
±13.96 

56.36 
±10.37 

A 

1000 
1.85 

±1.37 
1.92 

±1.69 
1.47 

±2.30 
1.26 

±1.79 
 

1.47 
±0.85 

1.29 
±0.67 

1.00 
±1.27 

1.47 
±1.12 

37 
89.93 

±11.76 
79.17 
±4.58 

87.18 
±9.78 

74.47 
±3.82 

 
102.87 
±9.58 

93.21 
±7.57 

94.00 
±0.76 

84.20 
±2.91 

111 
79.77 
±9.62 

81.99 
±11.49 

87.10 
±12.08 

64.04 
±4.89 

 
102.46 
±10.74 

84.93 
±8.32 

83.13 
±6.22 

68.58 
±7.04 

333 
91.58 

±13.66 
75.49 

±12.28 
75.43 

±11.52 
54.03 
±3.11 

 
98.65 
±6.12 

75.85 
±3.88 

73.50 
±4.89 

53.93 
±8.35 

SH- 
SY5Y 

R 

1000 
1.12 

±0.44 
6.50 

±5.18 
3.31 

±1.26 
1.02 

±0.26 
 

0.77 
±0.44 

1.57 
±1.17 

0.71 
±0.37 

1.37 
±1.22 

Var, variety; A, Arabica; R, Robusta; WD, without digestion; G, gastric digestion; D, duodenal 

digestion; GD, gastroduodenal digestion. a Results are expressed as mean ± SD of three 

independent experiments. 
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In order to evaluate the neuroprotective effect of undigested and digested coffee brews 

and spent coffee extracts, HeLa and SH-SY5Y cells were pre-treated with non-toxic 

concentrations of coffee samples for 24 h prior to the oxidative insult (Figures 1-4). 

Several studies (Fahn & Cohen, 1992; Markesbery, 1997; Gilgun-Sherki, Melamed, & 

Offen, 2001; Uttara, Singh, Zamboni, & Mahajan, 2009) have implicated reactive oxygen 

species-induced oxidative stress in the pathogenesis of neurodegenerative diseases. 

ROS include, among others, hydrogen peroxide which has been reported as a major 

mediator of oxidative stress (Cho, Jang, Hwang, Kang, Lee, & Lee, 2009). Hydrogen 

peroxide is known to be able to induce both apoptosis and necrosis in cells, with the 

required concentrations and exposure time dependent on the cell type being 

investigated (Barbouti, Doulias, Nousis, Tenopoulou, & Galaris, 2002; Zhang, Stanley, 

Adaim, Meton, & Skinner, 2006; Forman, 2007). Thus, in the present study H2O2 was 

used to promote an oxidative stress in cells. Previously, in pilot studies, cells were 

treated with 500 µM H2O2 for different times (30, 45, 60, 70, 80, 90, 100, 110 and 

120 min), showing that H2O2 increased cytotoxicity in a time-dependent manner and the 

time needed to reduce cell viability was different depending on the cell line (data not 

shown). Therefore, HeLa and SH-SY5Y cells were treated with 500 µM H2O2 for 2 h and 

1 h, which reduced cell viability to around 64 % and 52 %, respectively. 

As can be observed in Figure 2a, only undigested Robusta espresso coffee brew was 

able to protect HeLa cells against H2O2-induced cell death. This result suggests (i) the 

presence of cytoprotective compounds in higher amounts in Robusta coffee brew than 

in Arabica, and (ii) the influence of the in vitro digestion decreasing coffee cytoprotective 

effect. Similar to HeLa cells, only undigested Robusta espresso brew at the highest 

concentration (333 µg/mL) was able to significantly (p<0.05) protect neuronal cells 

against H2O2-induced cell death (Figure 2b). Digested coffee brews and spent coffee 

extracts were not able to protect SH-SY5Y cells against H2O2-induced cell death. 

Indeed, the viability of neuronal cells treated with duodenal and gastroduodenal 

digested fractions were significantly lower (p<0.05) than H2O2 treated cells (Figures 1b, 

2b, 3b, 4b). As previously discussed, these results suggests that SH-SY5Y cells are 

more sensitive to digested coffee brews and spent coffee extracts than HeLa cells. This 

might be due to the fact that the brain is more susceptible to the damage caused by 

oxidative stress because neuronal cells contain low levels of antioxidant enzymes in 

comparison with other organs (Chong et al., 2005).  
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Figure 1 . Effect of undigested and digested Arabica filter coffee brew on H2O2-induced 

HeLa and SH-SY5Y cell death. Cells were pretreated with 37, 111 and 333 µg/mL 

Arabica coffee brew for 24 h, prior to the treatment with 500 µM H2O2 for 2 h a) HeLa 

and 1 h b) SH-SY5Y cells at 37 ºC. Mean values ± SD were obtained in three 

independent experiments. WD, without digestion; G, gastric digestion; D, duodenal 

digestion; GD, gastroduodenal digestion. .* Significantly different from H2O2 treated cells 

(p ≤ 0.05). 
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Figure 2 . Effect of undigested and digested Robusta espresso coffee brew on H2O2-

induced HeLa and SH-SY5Y cell death. Cells were pretreated with 37, 111 and 

333 µg/mL Robusta coffee brew for 24 h, prior to the treatment with 500 µM H2O2 for 2 h 

a) HeLa and 1 h b) SH-SY5Y cells at 37 ºC. Mean values ± SD were obtained in three 

independent experiments. WD, without digestion; G, gastric digestion; D, duodenal 

digestion; GD, gastroduodenal digestion. .* Significantly different from H2O2 treated cells 

(p ≤ 0.05). 
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Figure 3 . Effect of undigested and digested Arabica filter spent coffee extract on H2O2-

induced HeLa and SH-SY5Y cell death. Cells were pretreated with 37, 111 and 

333 µg/mL Arabica spent coffee for 24 h, prior to the treatment with 500 µM H2O2 for 2 h 

a) HeLa and 1 h b) SH-SY5Y cells at 37 ºC. Mean values ± SD were obtained in three 

independent experiments. WD, without digestion; G, gastric digestion; D, duodenal 

digestion; GD, gastroduodenal digestion. .* Significantly different from H2O2 treated cells 

(p ≤ 0.05). 
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Figure 4. Effect of undigested and digested Robusta espresso spent coffee extract on 

H2O2-induced HeLa and SH-SY5Y cell death. Cells were pretreated with 37, 111 and 

333 µg/mL Robusta spent coffee for 24 h, prior to the treatment with 500 µM H2O2 for 

2 h a) HeLa and 1 h b) SH-SY5Y cells at 37 ºC. Mean values ± SD were obtained in 

three independent experiments. WD, without digestion; G, gastric digestion; D, duodenal 

digestion; GD, gastroduodenal digestion. .* Significantly different from H2O2 treated cells 

(p ≤ 0.05). 
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All coffee brews and spent coffee extracts evaluated in the present study were reported 

to have bioactive compounds such as chlorogenic acids, caffeine and melanoidins. 

However, the significantly (p<0.05) higher amount of caffeine and melanoidins in 

Robusta espresso coffee brew (Bravo et al., 2012) might explain its cytoprotective 

effect. In line with this, Boettler and co-workers (2011) reported that coffee constituents 

such as those generated during the roasting process contribute to the modulation of 

Nrf2/ARE (antioxidant response elements) pathway in human colon carcinoma cells. 

Caffeine has also been reported to have a cytoprotective effect due to the activation of 

the PI3K/Akt pathway in SH-SY5Y cells (Nakaso et al., 2008). Although the 

mechanism(s) by which those compounds exert cytoprotective effect against oxidative 

stress is not clear in the present study, we presumed that after 24 h of pre-incubation, 

the protective effect of Robusta coffee brew might involve its free radical scavenging 

properties or some other mechanism independent of its antioxidant properties. 

In addition, other authors have found neuroprotective effect of coffee and standard 

compounds of coffee (Kim, Park, Jeon, Kwon, & Chun, 2005; Nakaso et al., 2008; 

Zhang, Melton, Adaim, & Skinner, 2008; Cho et al., 2009; Kim et al., 2012). However, it 

should be noted that most of the studies focused on the neuroprotective effect of coffee 

were carried out (i) with instant coffee which chemical composition varies from that of 

roasted coffees, (ii) without taking into account the chemical changes occurring during 

the digestion process, and (iii) with pure standards ignoring that they are ingested as a 

part of the coffee matrix, thereby losing possible synergistic and/or antagonic activities 

among coffee compounds. 

The same previous concentrations were also tested to determine whether undigested 

and digested coffee brews and spent coffee extracts were able to block the 

accumulation of intracellular ROS induced by H2O2 in the neuroblastoma cells. Although 

the gastroduodenal fractions at 111 and 333 µg/mL induced cytotoxic effect (≤60%), 

these concentrations were also selected to evaluate the possible neuroprotective effect 

of undigested and digested samples due to the dual pro/anti oxidant activity of the 

compounds present in the samples. In pilot studies, cells were treated with H2O2 500 µM 

for three different times (10, 12 and 14 min), showing that H2O2 induced ROS level 

increase in a time-dependent manner and the time needed to caused double ROS 

production compared with the control was the highest one (14 min). As shown in figures 

5-6, with 24 h of pre-incubation, most of the undigested and digested fractions did not 

reduce intracellular ROS increase caused by H2O2 oxidative stimulation.  
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Figure 5 . Effect of treatment with different concentrations of undigested and digested 

Arabica filter coffee brew and spent coffee on ROS level induced by 500 µM H2O2 

(14 min, 37 ºC) in SH-SY5Y cells. Mean values ± SD were obtained in three 

independent experiments. WD, without digestion; G, gastric digestion; D, duodenal 

digestion; GD, gastroduodenal digestion. .* Significantly different from H2O2 treated cells 

(p ≤ 0.05). 
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a) Robusta espresso coffee brew 
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b) Robusta spent coffee 
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Figure 6 . Effect of treatment with different concentrations of undigested and digested 

Robusta espresso coffee brew and spent coffee on ROS level induced by 500 µM H2O2 

(14 min, 37 ºC) in SH-SY5Y cells. Mean values ± SD were obtained in three 

independent experiments. WD, without digestion; G, gastric digestion; D, duodenal 

digestion; GD, gastroduodenal digestion. .* Significantly different from H2O2 treated cells 

(p ≤ 0.05). 
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Although, in a previous study, Arabica filter and Robusta espresso coffee brews and 

spent coffee had high radical scavenging activity (Bravo et al., 2012), the absence of 

cell protection in the present work suggests that they are not significantly effective 

against H2O2-induced ROS generation in a neuroblastoma cell model. On the other 

hand, the brain is a lipid-rich tissue, and consequently, roasted coffees high in lipophilic 

antioxidants protected efficiently neuronal cells against oxidative stress (Chu et al., 

2009). This fact might explain the higher effectiveness of Robusta espresso coffee brew 

on SH-SY5Y cells, because espresso coffeemaker usually favours the extraction of 

lipophilic compounds (Ratnayake, Hollywood, O’Grady, & Stavric, 1993). However the 

absence of neuroprotective effect by spent coffee found in the present study, does not 

exclude biological effectiveness in other systems. Additionally, it should pay close 

attention to the in vitro data which could not be completely extrapolable to the in vivo 

situation. 
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To facilitate reading and understanding of the general discussion part of the results 

reported previously are briefly included. 

 

Millions of coffee cups are consumed every day around the world, producing spent 

coffee grounds in tons in restaurants and cafeterias and also at domestic levels. These 

residues could be a good opportunity to have an important source of natural 

antioxidants.  

Extraction methodology of spent coffee 

The first step of this work was to choose normalized roasted coffee samples to be used 

along the study. Thus, the antioxidant capacity of coffee (Arabica and Robusta) from 5 

different origins (Colombia, Brazil, Kenya, Guatemala and Vietnam B) and 2 different 

roasting degrees (A-medium and B-light) was evaluated. The results showed that all the 

coffee samples had high antioxidant capacity. Moreover, it could be observed that there 

were no significant differences among the antioxidant capacity of coffees with similar 

roasting degree (A-medium, L*24.92-25.70) independently of their origin. However, 

coffees from the same origin but different roasting degree (Vietnam A L*25.41 and 

Vietnam B L*31.13) showed highly significant differences (p<0.01) in antioxidant 

capacity. Thus, it could be said that coffee processing has more influence on the 

antioxidant capacity than the coffee origin. Then for further studies, one Arabica coffee 

(Guatemala) and one Robusta coffee (Vietnam) with the same roasting degree 

(medium) were chosen. 

After coffee selection, next step was to establish a normalized extraction process to 

obtain spent coffee extracts. Therefore, the influence of several process factors 

(extraction method, solvent, etc.) on the antioxidant capacity extraction from coffee by-

products was studied. Total phenolic compounds, radical scavenging activity (ABTS and 

DPPH) and browned compounds (Abs 420 nm) of spent coffee extracts obtained with 

continuous (Soxhlet 1 h and 3 h) and discontinuous methods (solid–liquid extraction and 

filter coffeemaker), several solvents (water, ethanol, methanol and their mixtures), 

successive extractions, and water with different pHs (4.5, 7.0 and 9.5) were determined. 

In addition, the influence of spent coffee defatting and extract lyophilization on the 

antioxidant capacity was also studied. 

The Folin-Ciocalteau assay is traditionally used for quantifying the Total Phenolic 

compounds in foods. Total phenolic compounds of spent coffee extracts were in the 



General discussion  

116 

range of 10.20–17.44 mg GA per gram of spent coffee dry matter, similar to those 

results reported by other authors (Ramalakshmi et al., 2009; Murthy & Madhava Naidu, 

2012a). Solid–liquid extraction showed the highest amount of phenolic compounds, 

followed by the extracts obtained using filter coffeemaker and Soxhlet during 3 h. Solid–

liquid method was also the most efficient in browned compounds extraction measured 

by the absorbance at 420 nm. Browned compounds include those originated from 

Maillard reactions, such as melanoidins, during coffee roasting process. These 

compounds might contribute to the highest total phenolic compound results because it 

has been demonstrated that Folin–Ciocalteau assay evaluates not only the phenolic 

compounds but also the reducing or antioxidant capacity of other nonphenolic chemical 

compounds, such as Maillard reaction products (Pérez-Martínez et al., 2010). Browned 

compounds of spent coffee extracts showed 2 to 3-fold lower values than filter coffee 

brews (López-Galilea et al., 2007). 

The antioxidant capacity was measured by chain-breaking activity that allows evaluation 

of the quenching rate of coffee compounds toward two reference radicals 2,2′-azinobis 

(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl 

(DPPH). The results of ABTS assay were in the range of 92.98–140.30 µmol Trolox per 

gram of spent coffee dry matter and those of the DPPH assay were in the range of 

38.65–82.40 µmol Trolox per gram of spent coffee dry matter. In both parameters, spent 

coffee extracts obtained with filter coffeemaker showed the highest values of radical 

scavenging activity followed by those prepared with the solid–liquid extraction system, 

and the Soxhlet extractor at 3 h and at 1 h. Although, these results were 2.5 to 3.8-fold 

lower than those of filter coffee brews obtained with the same coffee/water ratio (Pérez-

Martínez et al., 2010), they showed that free radical scavenging compounds still remain 

in spent coffee and they may be extracted. Consequently, the filter coffeemaker was 

selected as the most efficient and fastest (6 min) extraction method for obtaining spent 

coffee extracts in subsequent experiments. 

Regarding the influence of solvents (water, ethanol, methanol and their mixtures), the 

results were in the range of 2.65-17.48 mg GA, 15.31-152.64 µmol Trolox and 5.02-

82.40 µmol Trolox/gram dm, for total phenolic compounds, ABTS and DPPH, 

respectively. The spent coffee extract obtained with pure ethanol showed significantly 

(p<0.05) lower results of antioxidant activity in comparison with pure water and water: 

ethanol mixtures. This could be because ethanol precipitates high molecular weight 

melanoidins (Bekedam et al., 2006) and then these compounds, together with the 
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phenolics bound by them, could not be extracted. Thus, it could be said that water is 

necessary to extract more phenolic and nonphenolic antioxidants from spent coffee. The 

highest values of antioxidant capacity measured by total phenolic compounds and ABTS 

were found in the spent coffee extract obtained with 40:60 water: ethanol and 80:20 

water: ethanol mixtures, whereas for DPPH the highest results were found in the 

extracts with pure water. Moreover, it was found that methanol decreased the extraction 

of radical scavenging compounds from spent coffee in comparison with pure water 

spent coffee extracts, showing that water is crucial for antioxidant extraction. Also 

Bekedam et al. (2008a) observed that water, in methanol: water mixtures, is necessary 

to extract low molecular weight melanoidins. These melanoidins have higher phenolic 

compounds linked to their core than high molecular weight melanoidins showing a 

higher contribution to the antioxidant capacity of coffee extracts (Delgado-Andrade et 

al., 2005a; Bekedam et al., 2008b). 

All these results agree with those observed by other authors who found the highest 

antioxidant yields in extracts obtained with water from roasted coffee residues (Yen et 

al., 2005) or with the highest amount of water in alcoholic mixtures from green coffee 

(Madhava Naidu et al., 2008). Moreover, both chlorogenic acids and melanoidins were 

found to be in lower amounts in ethanolic extracts than in water extracts from green and 

roasted coffee showing that these antioxidants were more soluble in water (Budryn et 

al., 2009). In addition, water extracts had higher yields (90% v/v) than ethanolic and 

methanolic extracts (65% v/v). Therefore, water was selected as the solvent to be used 

in subsequent studies mainly because of its high efficiency in extracting antioxidants 

and also because the use of water is more convenient than alcohols from safety and 

toxicological points of view. 

After analyzing and checking that filter coffeemaker with water as solvent was the most 

efficient extraction system for obtaining spent coffee extracts with high antioxidant 

capacity, the next step was to prove if remaining by-products still had antioxidants that 

may be extracted in significant amounts. For this study, spent coffee (24 g) was 

extracted five times with water (400 mL) in a filter coffeemaker for approximately 6 min 

at 90 °C. 

In all analysed parameters, the results of the first extraction were considerably higher 

than the others. Moreover, after the second water extraction of spent coffee only traces 

values of antioxidant capacity and browned compounds were observed. In fact, phenolic 

compounds in the second water extraction only accounts for 15% of those found in the 
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first spent coffee extraction. Budryn et al. (2009) also observed that chlorogenic acids 

were in very low amounts in ethanolic extracts from spent coffee, maybe because spent 

coffee was previously washed three times with water, but also because ethanol is not a 

good solvent to extract antioxidants as it was discussed before. In ABTS and DPPH 

assays, the first extraction showed values of 140.30 and 82.40 µmol Trolox/gram dm, 

whereas the antioxidant capacity of the succeeding extracts were less than 14% and 

11%, respectively. However, browned compounds of the second water extraction of 

spent coffee were found in greater proportion (33%) in comparison to the other 

parameters. This could be (1) because contribution of the roasting-induced antioxidant 

to the overall antioxidant capacity of coffee extracts is rather limited (Bekedam et al., 

2008a; Pérez-Martínez et al., 2010) and (2) because melanoidins with higher antioxidant 

activity or with higher phenolic binding capacity, like low molecular weight melanoidins 

(Delgado-Andrade et al., 2005a; Bekedam et al., 2008b), were extracted better in the 

previous water extracts (coffee brew and first spent coffee extraction). As far as we 

know, there are no other works on coffee that obtained successive extractions and 

studied them individually. In other papers, only one extract was obtained (Yen et al., 

2005; Ramalakshmi et al., 2009), or all extracts were merged into one for analysis 

(Madhava Naidu et al., 2008). According to all these results, only the first extraction was 

selected as the most efficient in extracting the antioxidants from spent coffee.  

Three spent coffee extracts with acid water (pH 4.5), neutral water (pH 7.0) and alkaline 

water (pH 9.5) were obtained in order to study the influence of the water's pH on the 

antioxidant capacity of spent coffee aqueous extracts. The higher the pH of water used 

to obtain spent coffee extracts, the higher phenolic compounds, ABTS antioxidant 

capacity and browned compounds were observed. In fact, spent coffee extract obtained 

with alkaline water (pH 9.5) had the highest antioxidant capacity followed by samples 

extracted with neutral (pH 7.0) and acid water (pH 4.5) in Folin–Ciocalteau and ABTS 

assays. However, spent coffee extract obtained with neutral water (pH 7.0) was the 

most efficient in antioxidant extraction in the DPPH assay. This suggests that alkaline 

water (pH 9.5) might extract spent coffee compounds with different ionic charges and 

therefore, those compounds might react differently with ABTS and DPPH radicals. 

Furthermore, it should be taken into account that ABTS assay is a single electron 

transfer (SET) reaction, whereas DPPH combines both a hydrogen atom transfer (HAT) 

reaction and SET (Prior et al., 2005). Thus, further studies about the specific 
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compounds present in each spent coffee extract would be necessary to explain these 

differences. 

The absorbance at 420 nm of spent coffee extracts obtained with alkaline water (pH 9.5) 

was extremely high giving a very dark brown colour to the extract, and showing higher 

extraction of Maillard reaction products, such as melanoidins. Moreover, the unpleasant 

aroma of this extract clearly indicates that there were some chemical reactions that 

induced the formation or extraction of chemical compounds uncommonly present in 

coffee brews and extracts. These results disagree with the findings in previous studies, 

which showed that acid pH (below 5) extracted the highest amounts of phenolic 

antioxidants in green tea (Zimmermann & Gleichenhagen, 2011). Nevertheless, in 

another study developed by Pérez-Martínez et al. (2010), an increase in the antioxidant 

capacity of coffee brew was found when there was a limited increase in the pH (5.2 to 

5.4) due to the addition of pH-regulator agent to extend coffee brew shelf-life. These 

discrepancies might be explained by the fact that the antioxidant capacity of coffee, and 

consequently spent coffee, is due to both phenolics and Maillard reaction products. For 

that reason, even though acid water may facilitate phenolic extraction, the extraction of 

browning compounds (Maillard reaction products and others) seems to be increased 

with higher pH. In conclusion, the water pH selected for extraction of antioxidants from 

spent coffee was neutral (7.0). 

The last step for selection and optimization of the most efficient extraction method of 

antioxidants from spent coffee was to study the influence of defatting process and 

lyophilization on the antioxidant capacity of spent coffee aqueous extracts. Three 

different extracts were prepared: defatted with petroleum ether using a Soxhlet extractor 

for 3 h, lyophilized, and defatted and lyophilized spent coffee aqueous extracts. The 

results showed that the antioxidant capacity of spent coffee extracts was not negatively 

affected with defatting and lyophilization. In fact, a significant (p<0.05) increase in all the 

parameters was observed when spent coffee was defatted and the extracts were 

lyophilized. Focused on radical scavenging activity of spent coffee extracts, it could be 

said that the defatting process had a greater influence than lyophilization. Thus, the 

removal of fat could facilitate the water soluble antioxidants extraction. Therefore, both 

processes can be proposed as good strategies to preserve the antioxidant capacity of 

spent coffee aqueous extracts. 

Taking into account all these results together, the most efficient extraction system 

selected for obtaining spent coffee extracts with high antioxidant capacity for further 
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studies is the following: spent coffee grounds were firstly defatted in a Soxhlet extractor 

for 3 h, then were extracted with neutral water (pH 7.0) as solvent in a filter coffeemaker 

(24g spent coffee per 400mL, 6 min) and then spent coffee aqueous extracts were 

lyophilized up to their analysis. 

Antioxidants in spent coffee 

The brewing procedure plays an important role in the extraction of the potential 

antioxidants of coffee (Sánchez-González et al., 2005; López-Galilea et al., 2007). 

Several technological factors, such as the coffee/water ratio, water temperature and 

pressure, contribute to the different chemical composition of coffee brews and, 

consequently, the remained spent coffee grounds may present different amounts of 

unextracted antioxidant compounds. 

Based on this knowledge, as well as on the previous results regarding the antioxidant 

properties of spent coffee grounds obtained by filter coffee brewing, the main hydrophilic 

antioxidant compounds (caffeoylquinic acids, caffeine, and browned compounds, 

including melanoidins) and the antioxidant capacity (Folin−Ciocalteu, ABTS, DPPH, 

Fremy’s salt, and TEMPO) of Arabica and Robusta spent coffee extracts obtained from 

the preparation of coffee brews with the most common coffeemakers (filter, espresso, 

plunger, and mocha) were evaluated. 

All spent coffee grounds, with the exception of those from the mocha coffeemaker, had 

relevant amounts of total caffeoylquinic acids ranging from 11.05 mg (espresso) to 

13.24 mg (filter) per gram of Arabica spent coffee and from 6.22 mg (filter) to 7.49 mg 

(espresso) per gram of Robusta spent coffee. These amounts correspond to 

56.6−86.6% of those caffeoylquinic acids obtained for the coffee brews. In espresso 

coffee residues, Cruz et al. (2012) reported similar amounts of 5-CQA. However, in the 

present study the total CQA and diCQA values reach higher results than total CGA in 

the Cruz et al. study (2012). This discrepancy could be probably due to the different type 

of coffee, Arabica or Robusta, in the present study or Arabica/Robusta blends in the 

Cruz et al. work (2012) and also to other technological factors, such as roasting degree 

and extraction methodology. Despite these results, to our knowledge, the present study 

is the first to report the quantity of individual mono- and dicaffeoylquinic acids present in 

spent coffee obtained from coffeemakers different from espresso ones. 

Coffee brews prepared with the mocha coffeemaker showed the highest content in both 

monocaffeoylquinic (23.68 and 13.71 mg/gg for Arabica and Robusta, respectively) and 
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dicaffeoylquinic (1.94 and 1.58 mg/g for Arabica and Robusta, respectively) acids, 

suggesting a practically complete extraction of caffeoylquinic acids, the amount present 

in the spent coffee grounds being negligible. In a previous work, we also observed that a 

second successive aqueous extraction from the spent coffee grounds contributed to 

only a small amount of phenolic compounds (<15% of those obtained in the first 

extraction) (Bravo et al., 2013). Therefore, it could be considered that the total content of 

caffeoylquinic acids present in coffee has been practically extracted with the preparation 

of the coffee brew and the first aqueous extraction of spent coffee. This was also 

corroborated by the fact that the sum of the total caffeoylquinic acids of each coffee 

brew and its respective spent coffee was quite similar among different coffeemakers 

ranged from 15.29 (mocha) to 16.29 (plunger) mg per g for Arabica and from 25.62 

(mocha) to 30.77 (plunger) mg per g for Robusta coffee. These results are also in 

agreement with the total chlorogenic acids amounts reported for roasted coffees from 

different origins and varieties (Clifford, 1985; Farah & Donangelo, 2006). Although 

higher amounts of caffeoylquinic acids in Robusta coffees than in Arabica ones have 

been extensively reported (Farah et al., 2005), other authors have found less amounts 

of CQAs in Robusta coffees (Vignoli et al., 2011; Ludwig et al., 2012). This could be 

because both, the origin of coffee and the higher loss of chlorogenic acids in Robusta 

coffee during roasting process (Clifford, 1997; Perrone et al., 2010). 

In spent coffee, 5-CQA and 3,4-diCQA were the most abundant caffeoylquinic acids, 

whereas 3,5-diCQA and 3-CQA were the least ones. Moreover, the content of total 

diCQAs was quite similar and even higher than total monoCQAs. This is due to 3−6-fold, 

and even higher for the filter coffeemaker, amounts of total diCQAs in spent coffee in 

comparison to their respective coffee brews. In contrast, in coffee brews the monoCQA 

content was 12-fold or even higher than diCQAs, 5-CQA being the most and 3,4-diCQA 

the least abundant. Therefore, the monoCQAs are mainly extracted during coffee 

brewing, whereas the diCQAs need further conditions to be extracted. Other authors 

also observed that diCQAs or dicaffeoylquinides were extracted rather slowly from 

coffee in comparison to monoCQAs (Blumberg et al., 2010; Ludwig et al., 2012). The 

esterification of an additional caffeic acid moiety in diCQAs increases the number of 

hydroxyl groups that might be bound to the amide carbonyls of the peptide bond in 

melanoidins (Bekedam et al., 2008b; Nunes et al., 2010). Also, other authors (Perrone 

et al., 2012) corroborated this hypothesis that the chlorogenic acids are incorporated 

into melanoidins via hydroxycinnamic acid (such as caffeic acid) moieties, mainly 
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through nonester linkages upon coffee roasting. Therefore, the release of diCQAs 

bound to melanoidins is rather more difficult than that of monoCQAs. However, as 

proposed by Ludwig et al. (2012) the use of an extraction system with turbulences 

during a few minutes facilitates the contact of grounds and water, a polar solvent, and 

favors the caffeoylquinic acid extraction, also diCQAs. Taking into account all of these 

considerations, the application of the appropriate conditions allowed us to obtain spent 

coffee extracts that can be considered as a good source of caffeoylquinic acids, mainly 

diCQAs. 

Regarding the content of caffeine it could be observed that all spent coffee grounds, 

with the exception of those from the mocha coffeemaker, had concentrations of caffeine 

ranging from 3.59 mg (espresso) to 5.20 mg (filter) per gram of Arabica spent coffee and 

from 5.73 mg (plunger) to 8.09 mg (espresso) per gram of Robusta spent coffee. Quite 

similar amounts of caffeine were reported by Cruz et al. (2012) for espresso coffee 

residues obtained from Arabica/Robusta blends. The caffeine amounts in spent coffee 

were 2−3-fold lower than those obtained for their respective coffee brews. Taking into 

account that a second successive aqueous extraction of spent coffee grounds extracted 

<3% of the caffeine concentration found in the first extraction, the total content of 

caffeine present in roasted coffee has been practically extracted with the preparation of 

the coffee brew and the first aqueous extraction of spent coffee. In fact, the sum of 

caffeine in coffee brews and spent coffee ranged from 13.66 to 15.64 mg/g for Arabica 

coffee and from 21.37 to 29.61 mg/g for Robusta coffee. These results are in agreement 

with those of the literature, which extensively reports that Robusta coffees are richer in 

caffeine than Arabica ones (Belitz et al., 2009). Similar to caffeoylquinic acids, the 

mocha coffeemaker extracted the majority of the caffeine present in coffee, the mocha 

coffee brews being the richest in caffeine and leaving no detectable caffeine amounts in 

the spent coffee grounds. Consequently, spent coffee grounds from mocha coffeemaker 

and spent coffee grounds from the other coffeemakers after one extraction with water 

can be considered as caffeine-free coffee by-products. 

Browned compounds, mainly melanoidins, are originated by Maillard reactions during 

the coffee roasting process. Spent coffee extracts obtained from the filter coffeemaker 

showed the highest browning index (Abs 420nm 0.165 and 0.145 for Arabica and 

Robusta coffees, respectively). These results were similar to those of the filter coffee 

brews. In contrast, browned compounds in spent coffee extracts from espresso and 

plunger coffeemakers were 3−5-fold lower than in their respective coffee brews. Similar 
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to the other bioactive compounds (caffeoylquinic acids and caffeine), aqueous soluble 

browned compounds were mainly extracted in coffee brews when the mocha 

coffeemaker was used, releasing only traces in spent coffee. Yen et al. (2005) also 

reported a lower browning index in aqueous extracts from soluble spent coffee grounds 

in comparison to that from roasted coffee. Therefore, although melanoidins and other 

browned compounds may act as antioxidants, because of their lower amounts in spent 

coffee, their contribution to the antioxidant capacity could be rather limited in 

comparison to that in coffee brews, where they reach up to 80% (Delgado-Andrade et 

al., 2005b). 

The presence of antioxidant compounds, such as chlorogenic acids, caffeine, and 

Maillard reaction products, has been extensively associated with the health benefits of 

coffee, such as cardiovascular and neurodegenerative disease prevention and 

anticarcinogenic and antimutagenic activities (Dorea & da Costa, 2005; Crozier et al., 

2009). Besides these healthy properties, antioxidant capacity may contribute to the 

preservation of coffee against oxidative damage throughout the storage time. 

Antioxidant activity has been also reported by other authors in extracts of spent coffee 

grounds from the soluble coffee production (Ramalakshmi et al., 2009; Murthy & 

Madhava Naidu, 2012a, 2012b), from espresso coffee (Cruz et al., 2012; Zuorro & 

Lavecchia, 2012), and from filter coffee in a previous work by our group (Bravo et al., 

2013). However, to our knowledge, the antioxidant capacity of spent coffee grounds 

obtained from other different coffeemakers (plunger and mocha) using an Arabica and a 

Robusta coffee has not been reported previously.  

The antioxidant capacity of each spent coffee extract and each respective coffee brew 

was evaluated using three different colorimetric assays (Folin−Ciocalteu, ABTS, and 

DPPH). As was expected because of the presence of phenolic and nonphenolic 

antioxidants, all spent coffee, except those from the mocha coffeemaker, showed 

relevant antioxidant capacity. Arabica spent coffee obtained from the filter coffeemaker 

showed the highest values in all assays, followed by Robusta spent coffees from 

espresso and filter coffeemakers and Arabica spent coffee from the espresso 

coffeemaker, in that order. The results of the Folin−Ciocalteu assay of spent coffee from 

the espresso coffeemaker (15.79 and 19.12 mg GA/g of spent coffee for Arabica and 

Robusta coffees, respectively) were similar to those found by other authors (Zuorro & 

Lavecchia, 2012). On the other hand, spent coffee obtained from the plunger 

coffeemaker showed less antioxidant capacity, and no significant differences between 
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Arabica and Robusta coffees were found. These antioxidant capacity results seem to be 

due to a balance between caffeoylquinic acids, more abundant in Arabica spent coffee, 

and caffeine and browned compounds, mainly present in the Robusta coffee. In fact, 

caffeine was in higher amounts in Robusta spent coffee than in Arabica, Robusta spent 

coffee from the espresso coffeemaker being that with the highest content (8.09 mg/g of 

spent coffee).  

Principal component analysis (PCA) was applied to evidence graphically the correlations 

between antioxidant capacity and coffee chemical compounds previously discussed. As 

can be observed in Figure 1, spent coffee obtained from filter, espresso and plunger 

coffeemakers are placed on the positive values of Principal Component 1 (PC1) (right 

half graphic), whereas those obtained from the mocha coffeemaker are placed on the 

negative half graphic. In fact, as previously discussed, spent coffee from the mocha 

coffeemaker showed the lowest antioxidant capacity because the lack of phenolic and 

nonphenolic compounds on its composition. Highly significant (p<0.01) and excellent 

(r>0.75) correlations between both antioxidant capacity parameters (ABTS and DPPH) 

and the amount of caffeoylquinic acids (0.940 and 0.944, respectively), total polyphenols 

(0.999 and 0.998), and browned compounds (0.978 and 0.952) were found. These 

results are in agreement with other authors (López-Galilea et al., 2007, 2008). Principal 

Component 2 (PC2) differentiates spent coffee according to the amount of caffeine. 

Thus, Robusta spent coffee from filter, espresso and plunger coffeemakers are placed 

on the positive right half graphic because of their high amount of caffeine. There were 

significant correlations between the caffeine content and the antioxidant capacity 

measured by the ABTS assay (0.868) and the DPPH assay (0.797), similar to those 

observed by other authors (López-Galilea et al., 2007, Ludwig et al., 2012) suggesting 

that caffeine might be a good contributor  to the antioxidant capacity in Robusta spent 

coffee extracts. 
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Figure 1 . Principal component analysis of spent coffee extracts. 

 

The antioxidant capacity of spent coffee obtained from the filter coffeemaker was quite 

similar (88.9−102.3%) to that of the coffee brew for Arabica coffee, whereas for Robusta 

coffee it was only 46.0−57.8%. However, for spent coffee grounds obtained with the 

espresso coffeemaker, the antioxidant capacity was 59.2−68.7 and 64.0−85.6% for the 

Robusta and Arabica coffee brews, respectively. These results might be partially 

explained by the higher browning index in both espresso coffee brews (0.315 and 0.418) 

and, in less extent, in Robusta filter coffee brew (0.197) that reduce the amount of 

melanoidins and other browned compounds to be extracted from spent coffee. 

Moreover, it should be also taken into account that other minor phenolic 

(hydroxycinnamic acids, feruloylquinic acids, and other chlorogenic acids) and 

nonphenolic (volatiles, etc.) compounds might contribute to the antioxidant capacity.  

In order to go deeper into the knowledge of the contribution of phenolic and nonphenolic 

compounds to the antioxidant capacity of spent coffee, electron spin resonance 

spectroscopy (ESR) was used to measure the antioxidant capacity of spent coffee 

obtained from filter and espresso coffeemakers. Mainly phenolic compounds can be 

detected when Fremy’s salt is used as the stabilized radical, whereas the TEMPO 

radical is mainly scavenged by Maillard reaction products (MRP), such as melanoidins 
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(Caemmerer & Kroh, 2006; Pérez-Martínez et al., 2010). The ESR antioxidant capacity 

of Arabica spent coffee from the espresso coffeemaker was lower than that from the 

filter one, whereas for Robusta spent coffee these results were reversed. The behavior 

of the results of antioxidant capacity measured by Fremy’s salt technique was similar to 

those obtained by the colorimetric assays, but rather different from that of the amounts 

of caffeoylquinic acids in spent coffee. This may be explained because, although 

caffeoylquinic acids are the most abundant phenolics in coffee, other minor 

hydroxycinnamic acids, such as caffeic acid, ferulic acid, and its derivatives by 

esterification with quinic acid, might also contribute to the Fremy’s salt antioxidant 

capacity of spent coffee. Moreover, although Fremy’s salt is mainly scavenged by 

chlorogenic acids, other antioxidants, including melanoidins, can scavenge this 

stabilized radical in a nonspecific manner and in a very low proportion (Bekedam et al., 

2008c; Pérez-Martínez et al., 2010).  

On the other hand, the TEMPO scavenging capacity was at least 10-fold lower than 

Fremy’s salt, showing that the contribution of roasting-induced antioxidants is rather 

limited in spent coffee. Similar behaviour was also observed in coffee brews by other 

authors (Bekedam et al., 2008c; Pérez-Martínez et al., 2010; Ludwig et al., 2012). For 

that reason, all TEMPO results should be considered as very low, including the 

significantly higher TEMPO antioxidant capacity of the aqueous extracts obtained from 

Arabica spent coffee grounds from the filter coffeemaker. This higher result might be 

explained by the slightly higher browning index (Abs 420 nm = 0.165) but also because 

melanoidins have different antioxidant capacities, depending on the structure, their 

composition, and the phenolics bound in their skeleton (Delgado-Andrade et al., 2005b; 

Bekedam et al., 2008c; Pérez-Martínez et al., 2010; Wang et al., 2011). 

These results indicate that spent coffee obtained from the most common coffeemakers 

used at domestic and cafeteria levels (filter and espresso), and in less proportion from 

plunger ones, is a potential source of hydrophilic bioactive compounds. So that, it could 

be considered as an added value by-product which might be used as an ingredient or 

additive in the food industry with potential preservation and functional properties. 

However, these chemical-based assays are suitable for the initial antioxidant screening 

of spent coffee but do not necessarily reflect the cellular physiological conditions. In fact, 

cell culture is a powerful technique for studying physiological, biochemical and 

toxicological processes modulated by pure phytochemicals or by whole foods in vitro 

(Glei et al., 2003). 
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Antioxidant and genoprotective effects of spent coffee in human cells 

Therefore, aqueous extracts from spent coffee grounds obtained by filter coffeemaker 

for Arabica coffee and by espresso coffeemaker for Robusta coffee which were those 

with the highest antioxidant capacity in the previous work, were assessed for the 

possible antioxidant and genoprotective effects in the human cell line HeLa (derived 

from human cervical cancer). Two treatment times were assessed, one short of 2 h in 

order to avoid cell reparation of the possible DNA damage, and the other, a longer 

treatment time of 24 h in order to take advantage of the spent coffee extracts uptake into 

the HeLa cells. 

Firstly, cytotoxicity was tested in order to select non cytotoxic concentrations for further 

protection assays. No cytotoxic effects were observed after 2 and 24 h treatment with 

both spent coffee extracts in the dose range of 37-1000 µg/ml, with the latter being 

slightly cytotoxic (cell viability < 60%) after 24 h. 

It is well-known that some of the compounds with antioxidant properties present in 

coffee, such as phenolic compounds, caffeine and molecules of the early phases of 

Maillard reaction may have prooxidant activity under certain conditions such as high 

doses or in the presence of metal ions (Azam et al., 2003; Zheng et al., 2008; 

Caemmerer et al., 2012). Therefore, due to the fact that oxidative stress can be induced 

by prooxidant agents, either through the formation of ROS or the inhibition of antioxidant 

systems (Yordi et al., 2012), the possible induction of ROS by the spent coffee extracts 

was evaluated. A significant ROS increase was detected only for Arabica spent coffee 

extract at high concentrations. At both exposure times (2 and 24 h) and in the absence 

of an induced oxidative stress, both spent coffee extracts at the concentrations of 37 

and 111 µg/ml significantly reduced the basal ROS production. This effect suggests that 

spent coffee extracts at the lowest concentrations evaluated in this study act as 

antioxidants and as a consequence, they might exert a possible preventive role in 

oxidative stress-associated diseases where there is an increase of intracellular ROS 

level. 

When the H2O2-induced oxidative stress was applied, both spent coffee extracts were 

able to significantly reduce ROS production at the highest concentrations (333-

1000 µg/mL). Bakuradze et al. (2010) reported that ROS production was reduced by 

pre-incubating HT-29 cells with Arabica and Robusta filter coffee brews, and explained 

this capacity by the presence of 5-CQA and thermal degradation products. In line with 
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this, many studies have shown the potential of 5-CQA for decreasing ROS induced by 

hydrogen peroxide (Pavlica & Gebhardt, 2005; Cho et al., 2009). In the previous study, 

we have reported that 5-CQA is the major phenolic compound quantified in Arabica and 

Robusta spent coffee extracts (Bravo et al., 2012). Taking into account this fact and in 

accordance with previous literatures, the efficiency of spent coffee extracts could be 

attributed to this phenolic acid but also to the contribution of other phenolic compounds 

and Maillard reaction products (MRPs). 

No genotoxic effects (SBs and FPG-sensitive sites) were detected using the comet 

assay in HeLa cells after 2 and 24 h treatment with spent coffee extracts at the highest 

non cytotoxic concentration (cell viability > 80 %). DNA damage is a useful biomarker of 

the oxidative status. Thus, in order to evaluate the effectiveness of Arabica filter and 

Robusta espresso spent coffee extracts to protect against induced DNA strand breaks, 

an oxidative insult with H2O2 was applied. H2O2 produces DNA strand breaks mimicking 

the effect of radiation on DNA (Dahm-Daphi et al., 2000). After a short treatment (2 h) 

with 333 µg/ml extracts, Arabica and Robusta spent coffee showed a strong protective 

effect against H2O2– induced DNA damage in HeLa cells (73 and 64 % protection, 

respectively). However, at 111 µg/ml, only Robusta espresso spent coffee extract 

protected DNA against this damage (47 % protection). After a long treatment (24 h), all 

the tested concentrations of spent coffee extracts showed a protective effect against 

H2O2–induced DNA damage, ranging from 29 % to 65 % protection. These results are in 

concordance with the protective effect observed in mouse lymphoma cells after N-

methyl-N-nitro-N-nitrosoguanidine exposure by caffeinated instant coffee (Abraham & 

Stopper, 2004). In a recent study, the intermediate and final MRPs have been found to 

contribute to the capacity of instant coffee to diminish DNA damage in HT-29 cells (Del 

Pino-García et al., 2012). 

Strand breaks are not the only kind of DNA damage in cells, also oxidized bases are 

present and 8-oxoguanine is one of the most common DNA lesions. In this study, we 

exposed HeLa cells to Ro plus visible light to induce 8-oxoGua. Only Robusta espresso 

spent coffee extract, at the highest concentration tested (333 µg/mL) and after a long 

period of incubation (24 h), showed a significant protection against Ro plus visible light-

induced purines oxidation (11.5 % protection). 5-CQA that is one compound quantified 

in Arabica and Robusta spent coffee extracts (Bravo et al., 2012) has been found to 

decrease radical induced DNA damage in bacterial and mammalian cells (Faustmann et 

al., 2009). However in the present study, Robusta espresso spent coffee extract which 
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has less amount of 5-CQA (117.40 µg/mL) than Arabica filter (261.06 µg/mL) (Bravo et 

al., 2012) was more effective in protection against induced oxidative DNA damage. 

Indeed, similar results were obtained by Schaefer et al. (2006), who reported that the 

most active polyphenolic apple juice extracts protecting against menadione-induced 

DNA damage in Caco-2 and HT-29 cells were those which contained low concentrations 

of chlorogenic acid.  

Another major compound present in the spent coffee extracts is caffeine (Bravo et al., 

2012). In the present study, the most active spent coffee extract was Robusta espresso 

which contains higher concentrations of caffeine (626.70 µg/mL vs 378.32 µg/mL) than 

Arabica filter. This xanthine has been found to protect against oxidative damage of calf 

thymus DNA and radical induced migration in human lymphocytes (Faustmann et al., 

2009). These results suggest that other phenolic and non-phenolic bioactive 

compounds, such as caffeine but also other Maillard reaction products, might contribute 

to the antigenotoxic activity of spent coffee extracts. Besides, these results highlight the 

relevance of studying these compounds in the coffee matrices, or in general food 

matrices, instead of the pure compounds. 

The higher effectiveness of Robusta espresso spent coffee extract on protection against 

DNA purines oxidation might be explained by the enhance intracellular antioxidant 

capacity, due to the fact that under the same conditions where this genoprotective effect 

was detected, a significant decrease level of ROS was also observed. Also other 

mechanisms such as endogenous defence systems could contribute because this 

genoprotective effect was only observed after the long incubation (24 h). 

These results show that, in the experimental conditions of this work, spent coffee 

extracts show antioxidant and antigenotoxic properties, revealing that the use of these 

coffee by-products which contain bioactive compounds may provide new strategies to 

protect against oxidative stress related diseases, such as cancer. 

Neuroprotective capacity of spent coffee in human cells 

To further characterise the potential health-properties of spent coffee, we carried out a 

study with the human neuroblastoma (SH-SY5Y) cell line, in which the neuroprotective 

effect of Arabica filter and Robusta espresso spent coffee extracts and their respective 

coffee brews was evaluated. In addition, the samples were submitted to a simulated 

gastroduodenal digestion in order to ascertain whether the chemical alterations 
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occurring during this digestive process have impact on coffee and spent coffee potential 

protective capacity. 

The in vitro digestion process produced changes in the compounds detected by Gel 

Filtration Chromatography. Thus, some chlorogenic acids present in the coffee samples 

disappeared with the in vitro digestion process while other phenolics appeared. 

However, caffeic acid, a hydrolysis product of CQAs and diCQAs, was not found in the 

chromatograms after digestion. Other authors have reported that chlorogenic acid is not 

altered during gastric digestion, whereas a proportion of this compound may suffer 

degradation or isomerisation during pancreatic digestion due to the mild alkaline 

conditions, but not relevant hydrolysis of ester bond occurs (Bermúdez-Soto et al., 2007; 

Tagliazucchi et al., 2012). Gastroduodenal digested fractions exhibited a major peak in 

melanoidins showing that some structural changes might occur during in vitro digestion 

(Rufian-Henares & Morales, 2007). However, caffeine was stable during in vitro 

digestion which agreed with the results of Cha and co-workers (2012). 

Then, we study whether the chemical changes observed in the chemical composition of 

coffee brews and spent coffee extracts during simulated digestion affect or not on their 

potential ability to protect two different cultured cell lines (SH-SY5Y and HeLa) against 

an oxidative insult. According to the results of the MTT reduction assay, the cell viability 

was not affected (≥80%) by any of the undigested coffee brew and spent coffee at 

concentrations of up to 333 µg/mL in either cell line. After 24 h of treatment with 

1000 µg/mL, cell viability decreased in HeLa cells (≤ 50%), and a clear toxic effect with 

this concentration was observed in SH-SY5Y cells. This result reflects that these 

neuronal cells are more sensitive to Arabica filter and Robusta espresso coffee brews 

and spent coffee extracts than HeLa cells. Furthermore, Arabica filter and Robusta 

espresso coffee brew and spent coffee submitted to digestion were more cytotoxic than 

the undigested ones, probably as a result of digestion-induced modifications in their 

chemical composition. Although we have not found any similar assay in coffee or spent 

coffee in the literature to make a comparison, Tavares et al. (2012) also reported a 

higher cytotoxicity caused by blackberry polyphenols submitted to a simulated 

gastrointestinal digestion in comparison with the original extract. Additionally, gastric 

fractions were more cytotoxic than the other digested fractions in HeLa cells. In contrast, 

in SH-SY5Y cells, the gastroduodenal fractions were the most cytotoxic. These 

variations may reflect differences in uptake of compounds and metabolic activity of both 

cell lines. 
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Several studies (Fahn & Cohen, 1992; Markesbery, 1997; Gilgun-Sherki et al., 2001; 

Uttara et al., 2009) have implicated reactive oxygen species-induced oxidative stress in 

the pathogenesis of neurodegenerative diseases. ROS include, among others, 

hydrogen peroxide which has been reported as a major mediator of oxidative stress 

(Cho et al., 2009). Hydrogen peroxide is known to be able to induce both apoptosis and 

necrosis in cells, with the required concentrations and exposure time dependent on the 

cell type being investigated (Barbouti et al., 2002; Zhang et al., 2006; Forman, 2007). 

Thus, in order to evaluate the neuroprotective effect of undigested and digested coffee 

brews and spent coffee extracts, H2O2 was used to promote an oxidative stress in HeLa 

and SH-SY5Y cells. 

Only undigested Robusta espresso coffee brew was able to protect HeLa and SH-SY5Y 

cells against H2O2-induced cell death. Digested coffee brews and spent coffee extracts 

were not able to significantly (p>0.05) protect from H2O2 injury in either cell line. This 

fact might suggest (i) the presence of cytoprotective compounds in higher amounts in 

Robusta coffee brew than in Arabica, and (ii) the influence of the in vitro digestion 

decreasing coffee cytoprotective effect. Moreover, the viability of neuronal cells treated 

with duodenal and gastroduodenal digested fractions were significantly lower (p<0.05) 

than H2O2 treated cells, suggesting that SH-SY5Y cells are more sensitive to digested 

coffee brews and spent coffee extracts than HeLa cells as previously discussed. This 

might be due to the fact that the brain is more susceptible to the damage caused by 

oxidative stress because neuronal cells contain low levels of antioxidant enzymes in 

comparison with other organs (Chong et al., 2005).  

All coffee brews and spent coffee extracts evaluated in the present study were 

previously reported to have bioactive compounds such as chlorogenic acids, caffeine 

and melanoidins. However, the significantly (p<0.05) higher amount of caffeine and 

melanoidins in Robusta espresso coffee brew (Bravo et al., 2012) might explain its 

cytoprotective effect. In line with this, Boettler and co-workers (2011) reported that 

coffee constituents such as those generated during the roasting process contribute to 

the modulation of Nrf2/ARE (antioxidant response elements) pathway in human colon 

carcinoma cells. Caffeine has also been reported to have a cytoprotective effect due to 

the activation of the PI3K/Akt pathway in SH-SY5Y cells (Nakaso et al., 2008). Although 

the mechanism(s) by which those compounds exert cytoprotective effect against 

oxidative stress is not clear in the present study, we presumed that after 24 h of pre-

incubation, the protective effect of Robusta coffee brew might involve its free radical 



General discussion  

132 

scavenging properties or some other mechanism independent of its antioxidant 

properties. 

Other authors have found neuroprotective effect of coffee and standard compounds of 

coffee (Kim et al., 2005; Nakaso et al., 2008; Zhang et al., 2008; Cho et al., 2009; Kim et 

al., 2012). However, it should be noted that most of the studies focused on the 

neuroprotective effect of coffee were carried out (i) with instant coffee which chemical 

composition varies from that of roasted coffees, (ii) without taking into account the 

chemical changes occurring during the digestion process, and (iii) with pure standards 

ignoring that they are ingested as a part of the coffee matrix, thereby losing possible 

synergistic and/or antagonic activities among coffee compounds. 

Additionally, the ability of undigested and digested coffee brews and spent coffee 

extracts to block the accumulation of intracellular ROS induced by H2O2 in the 

neuroblastoma cells was studied. Most of the undigested and digested fractions did not 

reduce intracellular ROS increase caused by H2O2 oxidative stimulation. Although, 

Arabica filter and Robusta espresso coffee brews and spent coffee had high radical 

scavenging activity (Bravo et al., 2012) as previously discussed, the absence of cell 

protection in the present work suggests that these coffee samples are not significantly 

effective against H2O2-induced ROS generation in a neuroblastoma cell model. On the 

other hand, the brain is a lipid-rich tissue, and consequently, roasted coffees high in 

lipophilic antioxidants protected efficiently neuronal cells against oxidative stress (Chu et 

al., 2009). This fact might explain the higher effectiveness of Robusta espresso coffee 

brew on SH-SY5Y cells, because espresso coffeemaker usually favours the extraction 

of lipophilic compounds (Ratnayake et al., 1993). However the absence of 

neuroprotective effect by spent coffee found, does not exclude biological effectiveness 

in other systems as we have observed in a previous study. Additionally, it should pay 

close attention to the in vitro data which could not be completely extrapolable to the in 

vivo situation. Additionally, further studies about the compounds responsible and the 

underlying mechanisms in humans would be necessary to corroborate the significance 

of these results. 
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1. The study of the antioxidant capacity of roasted coffee from different origins and 

roasting degrees showed that all the coffee samples has high antioxidant capacity 

(ABTS, DPPH, and Folin-Ciocalteau), and roasting degree has more influence on 

the antioxidant capacity than the coffee origin.  

2. The study of the influence of process factors on the antioxidant capacity extraction 

from spent coffee showed that: 

2.1. The filter coffeemaker is the most efficient and fasted method for obtaining 

spent coffee extracts with the highest radical scavenging activity (ABTS and DPPH). 

2.2. Water is necessary to obtain spent coffee extracts with high antioxidant 

capacity (ABTS, DPPH and Folin-Ciocalteau). Thus, because of its high efficiency in 

antioxidants extraction and its safety, water is the most convenient solvent to 

prepare spent coffee extracts in comparison with ethanolic and methanolic extracts.  

2.3. Although the increase of water pH used to obtain spent coffee extracts 

increases antioxidant capacity and melanoidins, the unpleasant aroma of spent 

coffee extracts obtained with alkaline water (pH 9.5) leads to the selection of neutral 

water (pH 7.0). 

Therefore, the best method to obtain spent coffee extracts with high antioxidant 

capacity is the extraction of defatted spent coffee grounds with neutral water (pH 

7.0) in a filter coffeemaker. 

3. The study of the antioxidant capacity and the main bioactive compounds of spent 

coffee obtained from the most common coffeemakers (filter, espresso, plunger and 

mocha) showed that: 

3.1. All spent coffee grounds, with the exception of those from the mocha 

coffeemaker, have relevant antioxidant capacity (ABTS, DPPH, Folin-Ciocalteau, 

Fremy’s salt and TEMPO) probably due to the presence of hydrophilic antioxidants, 

both phenolics (mono- and dicaffeoylquinic acids) and nonphenolics (caffeine and 

melanoidins). 

3.2. Spent coffee from filter and espresso coffeemakers, and in less proportion from 

plunger one, are 4-7 fold richer in dicaffeoylquinic acids (3.31-5.79 mg/g of spent 

coffee) than their respective coffee brews (0.22-1.94 mg/g of coffee), because these 

chlorogenic acids need further conditions to be extracted than monocaffeoylquinic 

acids which are mainly extracted during coffee brewing. 
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3.3. Spent coffee from mocha coffeemaker and spent coffee grounds from the other 

coffeemakers after one extraction with water can be considered as caffeine-free 

coffee by-products.  

Thus, spent coffee, which has in some cases (Arabica spent coffee from filter 

coffeemaker, 88.9-102.3%) similar antioxidant capacity of that found in coffee brews 

(100%), can be considered a good source of antioxidant compounds. 

4. The study of the ability of the most antioxidant spent coffee extracts (Arabica from 

filter and Robusta from espresso coffeemakers) to protect against oxidation and 

DNA damage in HeLa cells (derived from human cervical cancer) at short (2h) and 

long (24h) exposure times showed that: 

4.1. Spent coffee extracts has the ability to significantly reduce the increase of ROS 

level induced by H2O2 at the highest non-cytotoxic concentrations. 

4.2. Spent coffee extracts has a strong protective effect against H2O2 -induced DNA 

strand breaks (29-73% protection by the comet assay). 

4.3. Robusta espresso spent coffee extract at the highest concentration tested is 

able to reduce the oxidative DNA damage (FPG-sensitive sites) in the comet assay 

after 24h. 

Therefore, spent coffee extracts have antioxidant and genoprotective effects in the 

human cell line HeLa. 

5. The study of the potential neuroprotective capacity of spent coffee extracts before 

and after in vitro simulated gastroduodenal digestion in neuroblastoma cells (SH-

SY5Y) showed that: 

5.1. Spent coffee extracts, and their respective coffee brews, after the in vitro 

digestion cause higher cytotoxicity (MTT assay) than the undigested ones, probably 

as a result of digestion-induced changes in their chemical composition. 

5.2. Undigested and digested spent coffee extracts, and their respective coffee 

brews, are not able to prevent induced cell death and intracellular ROS 

accumulation in neuroblastoma cells. However, these results do not exclude 

biological effectiveness in other systems. 

 



 Conclusions 

145 

In summary, spent coffee obtained from the most common coffeemakers used at 

domestic and cafeteria levels (filter and espresso), and in less proportion from plunger 

ones, can be considered as a good potential source of hydrophilic antioxidant 

compounds which might be used in the food and pharmaceutical industries. Additionally, 

these aqueous spent coffee extracts show antioxidant and genoprotective properties in 

human cells, revealing that the use of these coffee byproducts which contain bioactive 

compounds may provide new strategies to protect against oxidative stress related 

diseases, such as cancer. However, further studies about the compounds responsible 

and the underlying mechanisms in vivo would be necessary to enlarge the significance 

of these results. 
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1. El estudio de la capacidad antioxidante de café tostado de diferentes orígenes y 

grado de tueste mostró que todas las muestras de café tienen alta capacidad 

antioxidante (ABTS, DPPH y Folin-Ciocalteau), pero que el grado de tueste del café 

tiene mayor influencia sobre la capacidad antioxidante que el origen del mismo. 

2. El estudio de la influencia de diferentes factores para la preparación de extractos de 

posos de café con capacidad antioxidante mostró que: 

2.1. La cafetera de filtro es el método más eficiente y rápido para obtener extractos 

de posos de café con máxima actividad captadora de radicales (ABTS y DPPH). 

2.2. El agua es necesaria para obtener extractos de posos de café con alta 

capacidad antioxidante (ABTS, DPPH y Folin-Ciocalteau). Así, tanto por su alta 

eficiencia en la extracción de antioxidantes como por su inocuidad, el agua es el 

solvente más conveniente para preparar extractos de posos de café en 

comparación con los extractos etanólicos y metabólicos. 

2.3. El aumento del pH del agua incrementa la capacidad antioxidante y la cantidad 

de melanoidinas de los extractos de posos de café, pero el aroma desagradable de 

los extractos de posos de café obtenidos con agua a pH alcalino (pH 9.5) llevó a la 

selección del agua a pH neutro (pH 7.0). 

Por lo tanto, el mejor método para la obtención de extractos de posos de café con 

alta capacidad antioxidante es la extracción de los mismos con agua a pH neutro 

(pH 7.0) en una cafetera de filtro  

3. El estudio de la capacidad antioxidante y de los principales compuestos bioactivos 

de posos de café obtenidos a partir de las cafeteras de uso más común (filtro, 

expreso, émbolo y moka) mostró que: 

3.1. Todos los posos de café, con excepción de los obtenidos a partir de la cafetera 

moka, presentan una importante capacidad antioxidante (ABTS, DPPH, Folin-

Ciocalteau, Sal de Fremy y TEMPO) debido a la presencia de compuestos 

antioxidantes hidrofílicos, tanto fenólicos (ácidos mono- y dicafeoilquínicos) como 

no fenólicos (cafeína y melanoidinas). 

3.2. Los posos de café procedentes de las cafeteras de filtro y expreso, y en menor 

medida los procedentes de la de émbolo, son de 4 a 7 veces más ricos en ácidos 

dicafeoilquínicos (3,31-5,79 mg/g de posos de café) que sus respectivas bebidas 

(0,22-1,94 mg/g de café), ya que estos ácidos clorogénicos necesitan condiciones 
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más severas de extracción que los ácidos monocafeoilquínicos extraídos 

mayoritariamente durante la preparación de la bebida de café. 

3.3. Los posos de café procedentes de la cafetera moka y los procedentes de las 

otras cafeteras después de su extracción con agua, pueden ser considerados como 

subproductos de café libres de cafeína. 

Así, los posos de café, pueden ser considerados una buena fuente de compuestos 

antioxidantes, llegando en algunos casos como en los procedentes de la cafetera 

de filtro (88,9-102,3%) a presentar una capacidad antioxidante similar a la de sus 

respectivas bebidas de café,  

4. El estudio de la capacidad de protección frente a la oxidación y al daño en el ADN 

en las células HeLa (cáncer de cuello de útero) de los extractos de posos de café 

más antioxidantes (posos de café Arabica de cafetera de filtro y posos de café 

Robusta de cafetera expreso) después de un tratamiento corto (2h) y largo (24h) 

mostró que: 

4.1. Los extractos de posos de café estudiados reducen significativamente el 

aumento inducido de especies reactivas de oxígeno (ROS) a las concentraciones 

no citotóxicas más elevadas. 

4.2. Los extractos de posos de café estudiados presentan un potente efecto 

protector frente a las roturas en el ADN provocadas por el peróxido de hidrógeno 

(29-73% de protección en el ensayo del cometa). 

4.3. El extracto de posos de café Robusta, a la mayor concentración ensayada, 

disminuyó el daño oxidativo en el ADN (lugares sensibles a la enzima FPG) 

después de 24h. 

Por lo tanto, los extractos de posos de café evaluados, presentan efecto 

antioxidante y genoprotector en la línea celular humana HeLa. 

5. El estudio de la potencial capacidad neuroprotectora en las células de 

neuroblastoma (SH-SY5Y) de los extractos de posos de café, antes y después del 

proceso de digestión in vitro, mostró que: 

5.1. Los extractos de posos de café, y sus respectivas bebidas, después del 

proceso de digestión presentan mayor citotoxicidad (ensayo MTT) que las muestras 

sin digerir, probablemente como resultado de los cambios en su composición 

química inducidos por la digestión. 
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5.2. Los extractos de posos de café digerido y sin digerir, y sus respectivas bebidas 

de café, no son capaces de prevenir de la muerte celular inducida ni de la 

acumulación de especies reactivas de oxígeno en las células de neuroblastoma. 

Sin embargo, estos resultados no excluyen su efectividad en otros sistemas 

biológicos. 

 

En conclusión, los posos de café procedentes de las cafeteras de uso más común a 

nivel doméstico y de cafeterías (filtro y expreso), y en menor medida los posos 

procedentes de la cafetera émbolo, pueden ser considerados como una potencial 

fuente de compuestos hidrofílicos antioxidantes potencialmente aplicables en la 

industria alimentaria y farmacéutica. Además, estos extractos de posos de café 

muestran importantes propiedades antioxidantes y genoprotectoras en células 

humanas, revelando que el uso de estos subproductos de café con compuestos 

bioactivos puede proveer nuevas estrategias para proteger de enfermedades 

relacionadas con el éstres oxidativo como el cáncer. Sin embargo, serían necesarios 

estudios adicionales en humanos, sobre los compuestos responsables y sobre los 

mecanismos subyacentes para corroborar la importancia de estos resultados. 
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ABSTRACT  

The addition of sugar during roasting (torrefacto) has been proposed as a technique to 

increase the antioxidant capacity. However, other factors such as roasting degree and 

coffee origin also play a key role. Two batches of Colombian green coffee were roasted 

adding increased amounts of sucrose (0-15 g per 100 g of coffee) to reach the same 

roasting degree than a commercial Colombian coffee. Moreover, seven conventional 

roasted coffees from different origins (Colombia, Brazil, Kenya, Guatemala and 

Vietnam) and roasting degrees (Dark, Medium and Light), and one 100% Torrefacto 

roasted coffee were analyzed. Although the addition of sugar during roasting increased 

the DPPH quenching activity, phenolic compounds (5-caffeoylquinic, caffeic and 

ferulic acids, and 4-vinylguaiacol) were hardly affected by torrefacto roasting process, 

showing that Maillard and other roasting reactions products, such as browned-colored 

compounds including melanoidins (Abs 420nm), have an important role as antioxidants. 

Principal Component Analysis (PCA) showed that roasting degree also plays a key role 

on overall antioxidant activity. Moreover, the Absorbance at 420nm has been proposed 

as a good marker of torrefacto roasting process, whereas the roasting degree might be 

better characterized by L* values. 

 

KEYWORDS: Coffee, roasting, antioxidant, phenolic compounds, Maillard Reaction 

Products 
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1. INTRODUCTION 

During last few years, roasted coffee has been proposed as one of the main source of 

antioxidants in the diet (Svilaas et al., 2004; Pulido, Hernandez-Garcia, & Saura-

Calixto, 2003). The roasting of coffee is a complex process where the loss of 

antioxidant activity due to natural antioxidants – mainly represented by polyphenols – 

by progressive thermal degradation has been found to be minimized by the formation of 

Maillard reaction products (MRPs) (Nicoli, Anese, Manzocco, & Lerici, 1997). 

Torrefacto is a roasting process in which sugar is added to coffee, normally Robusta. 

This roasting technique is used in several countries of Southern Europe and South 

America where some segments of the population prefer coffees with a dark brown, 

intense aroma and a strong taste with a tendency to bitterness. This kind of roasting 

process was initially used to mask negative sensorial attributes in Robusta coffees. 

Nowadays, Torrefacto roasted coffee is usually blended with conventional roasted 

coffee (Arabica or Robusta) to be commercialized. The addition of sugar at the end of 

the torrefacto roasting process might intensify the development of Maillard reactions 

and, consequently, increase the antioxidant capacity of coffee (Lopez-Galilea, Andueza, 

di Leonardo, de Peña, & Cid, 2006; Lopez-Galilea, de Peña, & Cid, 2008; Andueza, 

Cid, & Nicoli, 2004). However, the analyzed samples in these works were commercial 

coffees in which Arabica and Robusta coffees from different unknown origins, 

percentages and roasting degrees were blended.  

Nicoli et al. (1997) reported that dark-medium roasted coffee had the highest 

antioxidant capacity showing that roasting degree is a key factor. But, the origin and the 

variety of coffee (Arabica and Robusta) with different amounts of phenolics in green 

coffee also can play an important role. Consequently, the different antioxidant capacity 

of commercial Torrefacto roasted coffee blends previously studied by our research 
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group (Lopez-Galilea et al., 2006; Lopez-Galilea et al., 2008) can not be attributed only 

to Torrefacto roasting process. Thus, the influence of the sugar addition during 

torrefacto roasting process on the antioxidant capacity of coffee should be deeper 

studied controlling the other parameters. So that, the aim of this work was to know 

whether the addition of increased amounts of sugar to coffee during roasting process 

(torrefacto) could be a key factor to increase the antioxidant capacity, and to know its 

influence on the most relevant coffee antioxidant compounds (phenolic compounds and 

melanoidins). And secondly, whether the addition of sugar during roasting had higher or 

lower influence than the roasting degree and the origin of coffee. 

 

2. MATERIALS AND METHODS 

2.1 Chemicals and reagents. The methanol (spectrophotometric grade), Folin-

Ciocalteau reagent and sodium carbonate were obtained from Panreac (Barcelona, 

Spain). Gallic acid, 2,2-Diphenyl-1-picrylhydrazyl (DPPH•), Trolox (6-hydroxy-2,5,7,8-

tetramethyl-chroman-2-carboxylic acid) 5-caffeoylquinic acid (5-CQA), caffeic acid, 

ferulic acid, 4-vinylguaiacol, were obtained from Sigma-Aldrich (Steinheim, Germany). 

Acetonitrile, HPLC, grade was provided by Scharlau (Barcelona, Spain). 

2.2 Coffee samples. Seven conventional roasted vacuum-packed coffee samples from 

different origins (5 Arabica coffees from Colombia, Brazil, Kenya and Guatemala and 2 

Robusta coffees from Vietnam), and one commercial 100% Torrefacto roasted coffee 

(T100 Light) were selected. Roasted coffee samples were classified into 3 roasting 

degrees according to the L* color parameter results: Dark (L*<23), Medium (L*23-26) 

and Light (L*>26) following similar criteria of other authors (Nicoli et al., 1997; 

Vignoli, Bassoli, & Benassi, 2011). Colombia Dark and T100 Light coffee samples of 

the same brand were purchased in a local market. Colombia Medium, Brazil Medium, 
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Kenya Medium, Guatemala Medium, Vietnam Medium and Vietnam Light roasted 

coffee samples and green coffee beans (variety Coffea arabica, from Colombia) were 

supplied by two roasting companies. 

2.3 Coffee roasting process. Two batches (I and II) of Colombian green coffee beans 

were roasted adding increased amounts of sucrose (0, 5, 10 and 15 g per 100 g of 

coffee) to reach the same roasting degree (L* 19-23, Dark) than the selected commercial 

Colombian coffee sample (Colombia Dark). The amount of added sugar must not 

exceed 15g/100g coffee beans as regulated by law in Spain (Real Decreto 1231/1988). 

Roasting process was developed following the time and temperature conditions 

presented in Figure 1. Sucrose was dissolved in the minimum volume of water and 

homogenously spread out to the coffee beans at 21 min of roasting. During the roasting 

process, pan surface and air temperatures were controlled. Each batch of coffee was 

roasted in duplicate. At the end of the process, coffee samples were controlled by the L* 

value (19-23, Dark) and weight loss (18-19 g per 100 g). Weight loss was calculated by 

the difference between green and roasted coffee weights and expressed as g per 100 g. 

After 4 hours of degassing, 60 g of roasted coffee were packed in plastic bags (type 

160*300 PA/PE 90 μm, Vaessen-Schoemaker Industrial S.A.U., Barcelona, Spain) and 

sealed under vacuum (Ramon Serie VP Mod.450, Barcelona, Spain). Samples were 

named with the amount of added sugar followed by the roasting degree and the batch 

number (0 Dark I, 5 Dark I, 10 Dark I, 15 Dark I, 0 Dark II, 5 Dark II, 10 Dark II and 15 

Dark II). All coffee samples were stored in darkness and at 4 ºC up to the coffee 

analysis (<1 month after roasting or purchasing).  

2.4 Sample preparation. Coffee packages were opened immediately before the 

preparation of the coffee extracts in order to avoid oxidative damage. Sixty g of roasted 

coffee beans were ground in a Moulinex coffee grinder (model Super Junior “s”, Paris, 
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France) for 30 seconds. Coffee extracts were obtained by solid-liquid extraction, using 

deionized water at 100 ºC. The ratio between coffee and water was 10/100 (g/mL). The 

extraction time was 10 min. The extracts were immediately cooled with cold running 

water and filtered through Whatman No. 1 filter paper. 

2.5 Color analysis. Color analysis was carried out on ground roasted coffees by means 

of a tristimulus colorimeter (Chromameter-2 CR-200, Minolta, Osaka, Japan) using the 

D65 illuminant. The instrument was standardized against a white tile before sample 

measurements. Ground roasted coffee was spread out in an l cm Petri plate, and the 

color measured was expressed in L*, a* and b* CIELab scale parameters. 

2.6 Browned compounds (Abs 420 nm). Fifty microliters of coffee extract were 

diluted up to 2 mL with deionized water. Browned compounds were quantified by 

measuring the absorbance of the sample at 420 nm after exactly 1 min, in a 3 mL 

capacity cuvette (1 cm length) with a spectrophotometer Lambda 25 UV-VIS (Perkin-

Elmer Instruments, Madrid, Spain) connected to a thermostatically controlled chamber 

(25 ºC) and equipped with UV Win- Lab software (Perkin Elmer).  

2.7 Antioxidant capacity by DPPH assay. The antioxidant capacity was measured 

using the 2,2-diphenyl-1-picrylhydrazyl (DPPH•) decolourization assay (Brand-

Williams, Cuvelier, & Berset, 1995) A 6.1x10–5 mol/L DPPH• methanolic solution was 

prepared immediately before use. The DPPH• solution was adjusted with methanol to an 

absorbance of 0.7 (±0.02) at 515 nm in a 3 mL capacity cuvette (1 cm length) at 25 ºC 

(Lambda 25 UV, VIS spectrophotometer, Perkin Elmer Instruments). Coffee extracts 

(50 µL) were added to DPPH• solution (1.95 mL). After mixing, the absorbance was 

measured at 515 nm after exactly 1 min, and then every minute for 18 min at 25 ºC. 

Calibration was performed with Trolox solution (a water-soluble vitamin E analogue) 

and Total antioxidant capacity was expressed as µmol Trolox per g of ground coffee. 
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2.8 Folin-Ciocalteau (FC) assay. The Folin-Ciocalteau reducing capacity of coffee was 

performed according to the Singleton´s method (Singleton, Orthofer, & Lamuela-

Raventos, 1999). For every coffee sample extract, 1:10 dilutions with demineralized 

water were prepared and 500 μL of Folin-Ciocalteau reagent were added to 100 μL of 

the coffee sample solution. After 2 min 1.5 mL a 7.5 g/100g sodium carbonate solution 

was added. Next, the sample was incubated in darkness at room temperature for 90 min. 

The absorbance of the sample was measured at 765 nm in a spectrophotometer (Lambda 

25 UV, VIS spectrophotometer, Perkin Elmer Instruments). Gallic acid (GA) was used 

as reference, and the results were expressed as g GA per 100 g of ground coffee. 

2.9 5-Caffeoylquinic acid (5-CQA). A 500 μL amount of the coffee brew was diluted 

up to 50 mL with milliQ water. HPLC analysis was carried out with an analytical HPLC 

unit model 1100 (Agilent Technologies, Palo Alto, CA), equipped with a binary pump 

and an automated sample injector. A Hypersil-ODS column (5 μm particle size, 

250 mm × 4.6 mm) was used. The chromatographic separation was achieved at 25 ºC by 

using a gradient solvent system with acetonitrile/water adjusted to pH 3.0 with a 

phosphoric acid solution according to the method described by Perez-Martinez, 

Sopelana, De Peña, & Cid (2008). The wavelength of detection was 325 nm.  

2.10 Hydroxycinnamic acids (caffeic acid and ferulic acid) and 4-vinylguaiacol. The 

extraction, clean-up and HPLC analysis of these three compounds were performed 

simultaneously, according to the method developed in our department (Alvarez-

Vidaurre, Perez-Martinez, De Peña, & Cid, 2005). The HPLC analysis was carried out 

with the same equipment and column described above. The chromatographic separation 

was achieved at 25 ºC by using a gradient solvent system with acetonitrile/water 

adjusted to pH 2.5 with a phosphoric acid solution according to the procedure published 
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by Perez-Martinez et al. (2008). The wavelengths of detection were 314 nm for caffeic 

acid, 325 nm for ferulic acid and 210 nm for 4-vinylguaiacol. 

2.11 Statistical analysis. Each parameter was analyzed in triplicate. Results are shown 

as means ± standard deviations. Analysis of variance (ANOVA) was applied to the 

parameters. Tukey test was applied as test a posteriori with a level of significance of 

95%. Correlations among variables were assessed by means of the Pearson Correlation 

test. Principal component analysis (PCA) was applied to the analytical data (based on 

the Pearson correlation matrix) to observe differences among coffees samples. Principal 

components (PC) with eigenvalues greater than 1 were selected. All statistical analyses 

were performed using the SPSS v.15.0 software package. 

 

3. RESULTS AND DISCUSSION 

3.1 Influence of torrefacto roasting process on coffee color 

Brown color development is one of the most visual changes in heat-treated foods, such 

as coffee, cereal, cookies, etc. during processing. In the present work, the color of 

ground roasted coffees was measured by means of the CIELab parameters (L* or 

lightness, and a* and b* as the chromaticity parameters) and the Absorbance at 420nm 

(Table 1). Although Torrefacto coffee samples were roasted to reach the same roasting 

degree that Colombia Dark, a slight tendency to increase L* value with the addition of 

sugar can be observed in the lab roasted coffee samples, except in 15 Dark II. However, 

this increase was not significant and, in fact, no significant correlation (p>0.05) between 

L* value and the amount of added sugar has been found. These results are in agreement 

with those reported previously by Lopez-Galilea et al. (2006) who observed a similar 

L* increase with the amount of torrefacto roasted coffee in commercial blends, but only 
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in two of the three analyzed brands. Consequently, L* value is clearly related with 

roasting degree, but not with the torrefacto roasting process. 

In Table 1, it can also be observed that the Light roasted coffees showed significantly 

higher a* (+red) and b* (+yellow) values than Medium and Dark roasted coffees. In 

fact, significant correlations (0.786 and 0.912, p<0.05) between chromaticity parameters 

(a* and b*, respectively) and lightness (L*) have been found. Other authors also 

obtained similar results and correlations in conventional roasted coffees and in 

conventional/torrefacto coffee blends (Lopez-Galilea et al., 2006; Summa, de la Calle, 

Brohee, Stadler, & Anklam, 2007). However, no significant correlations have been 

found between any of the chromaticity parameters (a* or b*) and the amount of added 

sugar during roasting. Thus, the CIELab parameters seem to be independent of the type 

of roasting process (conventional or torrefacto), maybe because torrefacto roasting 

process only induces the formation of an external caramel coating and hardly affects the 

interior of the coffee beans.  

The absorbance at 420nm has been commonly used to characterize melanoidins, which 

are mainly originated by Maillard Reactions during roasting process of coffee and other 

heat-treated foods (Morales, 2005; Nunes & Coimbra, 2007). However, it has been 

reported that melanoidins accounted for only 65 % of color potency of the high 

molecular weight fraction obtained from light roasted coffee, and for only 39 % from 

dark roasted coffee (Nunes & Coimbra, 2007). Many other brown-colored products 

appear to be sugar (retro)aldolization/dehydratation and carbohydrate condensation 

products, which may or may not be attached to proteins or other structures of amino 

nitrogen in a similar way to the Maillard Reactions (Rizzi, 1997; Hofmann, 1999). So 

that, hypothetically, the addition of sugar to coffee during Torrefacto roasting process 

might induce a higher formation of brown-colored Maillard Reactions and 
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caramelization products that are water soluble and can be measured by the Absorbance 

at 420nm. In Table 1, it can be observed that those coffees with sugar added during 

roasting (torrefacto) showed significantly (p<0.05) higher Absorbance at 420nm than 

those roasted conventionally with the same roasting degree (Torrefacto lab roasted 

coffees versus 0 Dark and Colombia Dark, or T100 Light versus Vietnam Light). 

Moreover, commercial torrefacto coffee (T100 Light) showed similar results (p>0.05) 

to those coffees roasted with 15g sugar per 100g coffee. In fact, highly significant 

(p<0.001) and excellent correlation (0.876) between the Absorbance at 420nm and the 

amount of sugar added during roasting process has been found showing that this 

parameter might be proposed as a marker of torrefacto roasting process. The highest 

Absorbances at 420nm in Torrefacto coffees also explain that caramelization products 

in torrefacto roasted coffee are mainly water soluble.  

Principal Component Analysis (PCA) has been applied to evaluate at a glance the 

influence of the roasting type (conventional or torrefacto) and roasting degree (Dark, 

Medium and Light) on the antioxidant activity and color of coffee samples. Figure 2 

shows the bidimensional representation of all the variables and coffee samples 

according to the two selected Principal Components (PC). PC1 (65.2% of the total 

variance) was mainly characterized by the CIELab color parameters (L*, a* and b*) and 

the Folin-Ciocalteau reducing capacity. It could be observed that PC1 distributed all the 

coffee samples according to the roasting degree, being the dark samples on the left half-

part of the graphic, but independently of the origin, variety and type of roasting process 

(conventional or torrefacto). PC2 (19.2% of the total variance) was mainly and 

positively characterized by the Absorbance at 420nm. So that, those coffees roasted 

with sugar addition (torrefacto) were mapped in the top half-part of the graphic. 

Roasting degree also exerts influence on brown compounds formation because dark 
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roasted coffees showed significantly (p<0.05) higher Absorbances at 420nm than 

medium and light conventional coffees (Table 1). However, this influence was much 

lower than that induced by torrefacto roast because (1) there were no significant 

differences between medium and light conventional coffees in agreement with other 

authors (del Castillo, Ames, & Gordon, 2002), and (2) PC2 can not discriminate among 

different roasting degree coffees. In conclusion, the Absorbance at 420nm might be 

proposed as a good marker of torrefacto roasting process, whereas the roasting degree 

might be better characterized by L* values.  

3.2 Influence of torrefacto roasting process on phenolic compounds and 

antioxidant capacity. The antioxidant capacity of coffee was evaluated by two 

colorimetric assays, the chain-breaking activity by DPPH· radical quenching assay and 

the Folin-Ciocalteau assay.  

Figure 3 shows the antioxidant capacity, measured by the DPPH quenching assay, of the 

Torrefacto roasted coffees in comparison with conventional roasted coffees of different 

origins (Colombia, Brazil, Kenya, Guatemala, and Vietnam) and different roasting 

degrees (Dark, Medium and Light). Commercial conventional roasted coffees showed 

lower DPPH results than lab-roasted torrefacto roasted coffees. This might be explained 

by a longer storage (from roasting to purchase) under less controlled conditions (room 

temperature) in commercial samples, because during storage the antioxidant capacity 

decreases due to the presence of residual oxygen, and other radicals or pro-oxidant 

compounds formed during the roasting process (Manzocco, Calligaris, & Nicoli, 2002). 

According to the DPPH quenching activity, conventional roasted coffees of different 

origins and the same roasting degree (Medium) can be ranked in increasing order as 

Brazil < Vietnam < Colombia < Guatemala < Kenya. However, roasting degree seems 

to influence conventional roasted coffees in different way depending on the origin or 
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variety because DPPH increased with a higher roasting degree (Dark vs Medium) for 

Colombia coffee (Arabica), but decreased for Vietnam one (Robusta) (Medium vs 

Light). This could be due to the fact that although Robusta coffee has higher amounts of 

phenolic compounds than Arabica ones, roasting induces a higher loss of these 

antioxidant compounds in Robusta coffees (Clifford, 1997; Perrone, Donangelo, 

Donangelo, & Farah, 2010). In fact, only moderate correlation between DPPH and L* 

values (-0.483, p<0.001) has been found.  

Focusing into the influence of the sugar addition during roasting process, correlation 

results show a clear and significant (0.701, p<0.001) tendency to increase the DPPH 

antioxidant capacity with the amount of sugar added during roasting process. Also 

T100L coffee exhibited higher DPPH results than the commercial conventional roasted 

coffees. A significant and good correlation between DPPH and Absorbance at 420nm, 

proposed as a good marker of torrefacto roasting process, has been found (0.721, 

p<0.001). Moreover, DPPH quenching activity contributed partially to the PC2 in 

Principal Component Analysis (Figure 2) that mapped those coffees roasted with sugar 

addition (torrefacto) in the top half-part of the graphic. These findings are in agreement 

with those obtained in commercial torrefacto roasted coffee blends (Lopez-Galilea et 

al., 2006; Lopez-Galilea, de Peña & Cid, 2007). The higher DPPH quenching activity 

can be attributed mainly to the formation of Maillard Reactions and caramelization 

antioxidant products ((Manzocco, Calligaris, Mastrocola, Nicoli, & Lerici, 2001), but 

the influence of torrefacto roasting on phenolic compounds should be deeper studied in 

those coffees roasted with increasing amounts of sugar addition. 

Figure 4 shows the FC results of the Torrefacto roasted coffees in comparison with 

conventional roasted coffees of different origins (Colombia, Brazil, Kenya, Guatemala, 

and Vietnam) and different roasting degrees (Dark, Medium and Light). The Folin 
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Ciocalteau method is traditionally used to measure phenolic compounds, but several 

authors have reported that this method also evaluates other reducing nonphenolic 

compounds, such as melanoidins, proteins and thiols, and thus should be seen as a 

measure of total antioxidant capacity rather than phenolic content (Perez-Martinez, 

Caemmerer, De Peña, Cid, & Kroh, 2010; Caemmerer & Kroh, 2006; Everette, Bryant, 

Green, Abbey, Wangila, & Walker, 2010). A decrease of the antioxidant capacity 

measured by Folin-Ciocalteau technique with the increase of roasting degree can be 

observed. A highly significant (p<0.001) and good correlation (0.785) with L* values 

has been found. Moreover, FC values also contributed to the PC1 in Principal 

Component Analysis (Figure 2) together with the CIELab parameters and, then, to the 

distribution of coffees according to the roasting degree. Similar patterns were reported 

by other authors (Bekedam, Loots, Schols, Van Boekel, & Smit, 2008; Sacchetti, Di 

Mattia, Pittia, & Mastrocola, 2009) in conventional roasted coffees, mainly due to a 

higher degradation of chlorogenic acids, the most abundant phenolic compounds in 

coffee. Loss of phenolic compounds during roasting is very well known and losses of 8-

10% for every 1% loss of dry matter (Clifford, 1997; Clifford, 1999; Clifford, 2000) up 

to 95% of the chlorogenic acid content in green coffee with drastic roasting conditions 

(Trugo & Macrae, 1984) were reported. 

Higher FC reducing capacities were found in those coffees roasted with sugar 

(torrefacto) in comparison with their respective conventional roasted ones (0 Dark I and 

0 Dark II) (Figure 4), but only were statistically significant in the batch II. For that 

reason, 5-caffeoylquinic, caffeic and ferulic acids, and 4-vinylguaiacol were quantified 

in lab-roasted coffees by HPLC analyses (Table 2). Little differences among lab-roasted 

coffees in the four phenolic compounds (3.48-6.34 mg 5-CQA, 4.03-5.16 μg caffeic 

acid, 37.22-49.15 μg ferulic acid, and 6.60-7.87 μg 4-vinylguaiacol per g of coffee) 
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were observed. These differences, most of them statistically non-significant (p<0.05), 

seem to be due to the normal variations during roasting process, but not to the addition 

of sugar during torrefacto roasting process. The most abundant chlorogenic acid in 

coffee, 5-caffeoylquinic acid, and caffeic acid that is a hydroxycinnamic acid partially 

originated by hydrolysis of caffeoylquinic and dicaffeoylquinic acids during roasting 

process, were found in similar amounts than in commercial Colombian coffees (4.3 

mg/g for 5-CQA and 5.5 µg/g for caffeic acid) (Lopez-Galilea et al., 2008). However, in 

commercial torrefacto coffee blends in the latter study (Lopez-Galilea et al., 2008) 

ferulic acid was found in lower amounts (12.8-19.3 µg/g), whereas 4-vinylguaiacol was 

higher (30.6-57.6 µg/g). Ferulic acid is a hydroxycinnamic acid mainly derived from the 

roasting degradation of feruloylquinic acids (FQAs) that only account for a 5-13% of 

total chlorogenic acids in green coffee (Farah, Monteiro, Calado, Franca, & Trugo, 

2006). And 4-vinylguaiacol is a degradation product of ferulic acid. So that, both 

compounds might be present in different amounts depending on the initial content of 

feruloylquinic acids in green coffee and roasting process conditions. 

According to the results of Table 2, the addition of sugar during torrefacto roasting 

process did not reduce the decrease of the main phenolic compounds caused by heat 

treatment as it was suggested by the Folin-Ciocalteau technique if it is used as a 

measurement of the total phenolic compounds. This discrepancy in the results might be 

explained by the formation of other reducing nonphenolic compounds that react with 

the Folin Ciocalteau reagent during torrefacto roasting process, but not by a protective 

effect of torrefacto roasting against the degradation of phenolic compounds. This agrees 

with the results of Lopez-Galilea et al. (2008) who do not find any correlations between 

phenolic compounds and torrefacto roast in commercial coffee blends. Thus, it could be 

said that torrefacto roasting process hardly affects the final content of phenolic 
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compounds that seems to be more influenced by other factors such as roasting degree, 

the variety of coffee, etc. (Farah et al., 2006). 

In conclusion, although the addition of sugar during roasting increases the antioxidant 

properties of coffee measured as radical quenching capacity, roasting degree and other 

factors, such as coffee variety, origin or also storage conditions, influence overall 

antioxidant activity as well. Moreover, in this study, the Absorbance at 420 nm has been 

proposed as a good marker of torrefacto roasting process, whereas the roasting degree 

might be better characterized by L* values. 
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Table 1: CIELab color parameters (L*, a* and b*) and browned compounds (Abs 

420nm) of ground roasted coffee.  

Coffee samples1 L* 2 a* 2 b* 2 Abs420 2

Lab roasted coffees     
Arabica     
  0 Dark I 19.40 ± 0.50 ab 11.80 ± 0.29 c 13.16 ± 0.35 cd 0.457 ± 0.012 c

  5 Dark I 20.23 ± 0.11 ab 11.95 ± 0.04 c 13.90 ± 0.16 e 0.499 ± 0.023 de

 10 Dark I 20.56 ± 0.11 b 11.88 ± 0.14 c 13.30 ± 0.20 cde 0.535 ± 0.021 f

 15 Dark I 22.45 ± 0.34 c 11.80 ± 0.28 c 15.51 ± 0.31 fg 0.574 ± 0.020 g

  0 Dark II 19.24 ± 0.81 a 11.73 ± 0.14 bc 13.77 ± 0.44 de 0.458 ± 0.017 c

  5 Dark II 20.10 ± 0.19 ab 11.84 ± 0.27 c 13.04 ± 0.30 bc 0.483 ± 0.014 cd

 10 Dark II 20.57 ± 0.26 b 11.90 ± 0.14 c 13.48 ± 0.19 cde 0.518 ± 0.015 ef

 15 Dark II 19.94 ± 0.05 ab 11.37 ± 0.20 b 12.45 ± 0.14 b 0.575 ± 0.021 g

Commercial coffees     
Arabica     
  Colombia Dark 19.38 ± 0.42 ab   9.86 ± 0.02 a 10.12 ± 0.08 a 0.464 ± 0.017 cd

  Colombia Medium 24.82 ± 0.81 d 12.70 ± 0.13 d 15.11 ± 0.40 f 0.352 ± 0.002 a

  Brasil Medium 25.70 ± 0.13 d 12.88 ± 0.08 d 16.51 ± 0.07 h 0.356 ± 0.018 a

  Kenya Medium 25.20 ± 0.69 d 12.62 ± 0.18 d 15.83 ± 0.34 g 0.352 ± 0.024 a

  Guatemala Medium 24.92 ± 0.01 d 12.69 ± 0.02 d 15.73 ± 0.03 fg 0.421 ± 0.022 b

Robusta     
  Vietnam Medium 25.40 ± 0.71 d 11.84 ± 0.36 c 15.65 ± 0.56 fg 0.379 ± 0.015 a

  Vietnam Light 30.93 ± 0.64 f 13.49 ± 0.18 e 21.53 ± 0.39 i 0.354 ± 0.006 a

  T100 Light 28.33 ± 0.27 e 13.34 ± 0.24 e 21.61 ± 0.48 i 0.599 ± 0.010 g

 

1 0, 5, 10 and 15 is the amount of sugar added (g per 100 g of coffee) during roasting in 

lab-roasted coffees. Dark, Medium and Light are the roasting degrees. I and II are the 

batch number in lab-roasted coffees. The origin of coffee is indicated with the name of 

the country. T100 is commercial 100% Torrefacto roasted coffee. 

2 All values are shown as means ± standard deviations (n=6). Different letters in the 

same column indicate significant differences (p < 0.05) among different roasted coffees. 
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Table 2. 5-CQA, Caffeic acid, Ferulic acid and 4-Vinylguaicol (4VG) amounts of 

ground roasted coffees.  

Coffee samples1 5-CQA 
(mg/g)2

Caffeic acid 
(μg/g)2

Ferulic acid 
(μg/g)2

4VG 
(μg/g)2

Lab roasted coffees     
Arabica     
  0 Dark I 4.44 ± 0.06 cd 4.03 ± 0.12 a 37.22 ± 1.18 a 7.46 ± 0.15 cd

  5 Dark I 4.74 ± 0.03 d 4.91 ± 0.19 bc 46.30 ± 0.46 cd 7.67 ± 0.32 d

 10 Dark I 3.96 ± 0.04 b 4.46 ± 0.25 b 42.43 ± 1.91 b 7.37 ± 0.31 bcd

 15 Dark I 4.23 ± 0.13 bc 4.90 ± 0.21 bc 44.44 ± 3.11 bc 7.83 ± 0.44 d

  0 Dark II 6.34 ± 0.07 f 5.16 ± 0.23 c 49.15 ± 0.96 d 7.87 ± 0.14 d

  5 Dark II 5.83 ± 0.22 e 4.86 ± 0.17 bc 45.33 ± 0.53 bc 6.94 ± 0.14 abc

 10 Dark II 4.54 ± 0.03 cd 4.81 ± 0.06 bc 44.25 ± 2.36 bc 6.90 ± 0.09 a

 15 Dark II 3.48 ± 0.08 a 4.55 ± 0.18 b 38.59 ± 1.09 a 6.60 ± 0.13 ab

 

1 0, 5, 10 and 15 is the amount of sugar added (g per 100 g of coffee) during roasting in 

lab-roasted coffees. Dark, Medium and Light are the roasting degrees. I and II are the 

batch number in lab-roasted coffees.  

2 All values are shown as means ± standard deviations (n=6). Different letters in the 

same column indicate significant differences (p < 0.05) among different roasted coffees. 
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FIGURE CAPTION 

Figure 1. Time and temperature conditions of coffee roasting process and control of pan 

surface (bold line) and air (dotted line) temperatures. 

Figure 2. Principal Component Analysis of ground roasted coffee. 0, 5, 10 and 15 is the 

amount of sugar added (g per 100 g of coffee) during roasting in lab-roasted coffees. 

Dark, Medium and Light are the roasting degrees. I and II are the batch number in lab-

roasted coffees. The origin of coffee is indicated with the name of the country. T100 is 

commercial 100% Torrefacto roasted coffee.  

Figure 3. DPPH antioxidant capacity (μmol Trolox/g) of ground roasted coffee. 0, 5, 10 

and 15 is the amount of sugar added (g per 100 g of coffee) during roasting in lab-

roasted coffees. Dark, Medium and Light are the roasting degrees. I and II are the batch 

number in lab-roasted coffees. The origin of coffee is indicated with the name of the 

country. T100 is commercial 100% Torrefacto roasted coffee. All values are shown as 

means ± standard deviations (n = 6). Different letters indicate significant differences (p 

< 0.05) among different roasted coffees.  

Figure 4. Folin-Ciocalteau reducing capacity (g Gallic acid/100g) of ground roasted 

coffee. 0, 5, 10 and 15 is the amount of sugar added (g per 100 g of coffee) during 

roasting in lab-roasted coffees. Dark, Medium and Light are the roasting degrees. I and 

II are the batch number in lab-roasted coffees. The origin of coffee is indicated with the 

name of the country. T100 is commercial 100% Torrefacto roasted coffee. All values 

are shown as means ± standard deviations (n = 6). Different letters indicate significant 

differences (p < 0.05) among different roasted coffees.  
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Figure 1. Time and temperature conditions of coffee roasting process and control of pan 

surface (bold line) and air (dotted line) temperatures. 
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Figure 2. Principal Component Analysis of ground roasted coffee. 0, 5, 10 and 15 is the 

amount of sugar added (g per 100 g of coffee) during roasting in lab-roasted coffees. 

Dark, Medium and Light are the roasting degrees. I and II are the batch number in lab-

roasted coffees. The origin of coffee is indicated with the name of the country. T100 is 

commercial 100% Torrefacto roasted coffee.   
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Figure 3. DPPH antioxidant capacity (μmol Trolox/g) of ground roasted coffee. 0, 5, 10 

and 15 is the amount of sugar added (g per 100 g of coffee) during roasting in lab-

roasted coffees. Dark, Medium and Light are the roasting degrees. I and II are the batch 

number in lab-roasted coffees. The origin of coffee is indicated with the name of the 

country. T100 is commercial 100% Torrefacto roasted coffee. All values are shown as 

means ± standard deviations (n = 6). Different letters indicate significant differences (p 

< 0.05) among different roasted coffees.  
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Figure 4. Folin-Ciocalteau reducing capacity (g Gallic acid/100g) of ground roasted 

coffee. 0, 5, 10 and 15 is the amount of sugar added (g per 100 g of coffee) during 

roasting in lab-roasted coffees. Dark, Medium and Light are the roasting degrees. I and 

II are the batch number in lab-roasted coffees. The origin of coffee is indicated with the 

name of the country. T100 is commercial 100% Torrefacto roasted coffee. All values 

are shown as means ± standard deviations (n = 6). Different letters indicate significant 

differences (p < 0.05) among different roasted coffees.  
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