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Abstract
In this study, 7 Arabica (A) and 3 Robusto (R) green coffee beans (GCB) grown in different countries were used. These 
beans were roasted (RCB), and their coffee silverskin (CSS) produced during roasting was separated. The objective of 
the study was to determine the total phenolic contents, antioxidant capacities and bioaccessibility of green coffee beans 
and roasted coffee beans and their coffee silverskin. Three different antioxidant capacity determination methods (ABTS, 
CUPRAC, FRAP) were used for the determination of the antioxidant capacity; the Folin–Ciocalteau method was employed 
for the determination of the total phenol content (TPC); and the in-vitro enzymatic extraction method was applied for the 
determination of the bioaccessibility. The average bioaccessibility values of the TPCs of the GCB and RCB and their cof-
fee silverskin were determined to be 50.05%, 41.45%, and 39.18%, respectively. The highest % bioaccessibiliy results for 
CSS were determined in the Ethiopia coffee for Arabica species and in the Indonesia-grown coffee for Robusta species. The 
highest % bioaccessibiliy in the green and roasted coffee beans of Arabica species was determined in the Kenya and Costa 
Rica coffees, while in Robusta species, it was determined in the India coffee. In general, although the total phenolic content 
and antioxidant capacity of the coffee beans were found to be higher in the Robusta, the Arabica was found to be higher in 
terms of % bioaccessibility results. As a result, it is recommended to use GCB and RCB and their CSS in the development 
of foods and beverages with functional properties.
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Introduction

Coffee is one of the most consumed beverages worldwide 
and the second most commercially-produced product after 
petroleum. Coffee is estimated to be consumed by 80% of the 

world's adult population [1]. According to the International 
Coffee Organization (ICO), a total of 170,561,000 sacks 
(60 kg) of coffee, including approximately 100,290,000 
sacks (60 kg) of Arabica species and 70,271,000 sacks 
(60 kg) of Robusta species, were globally produced in 2018. 
Brazil is the biggest coffee producer, followed by Vietnam, 
Columbia, Indonesia, Ethiopia, Honduras, and India [2].

Coffee (Coffea spp.) belongs to the Rubiaceae family and 
to the Cinchonoideae subfamily and has 124 known species 
[3]. Among these species, Coffea arabica (Arabica) and Cof-
fea canephora (Robusta) are two prominent species with 
commercial importance [4]. Arabica coffee species, which 
grows at high altitudes, has a fragrant, aromatic, delicious, 
and softer coffee flavor, and provides 70–80% of the world 
coffee production, whereas Robusta, which gives a strong 
flavor to coffee containing more caffeine, is less favored [5]. 
The quality and preferability of coffee are affected by genetic 
and environmental factors, process conditions, and differ-
ences in chemical composition [6].
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The coffee fruit is coated by a smooth and hard pericarp. 
Its color is initially green and turns to red and purple dur-
ing ripening. The pericarp surrounds the soft, yellowish, 
fibrous, and sweet pulp, followed by a mucilage layer and a 
thin and yellowish endocarp layer, respectively. Finally, the 
seed membrane, “silverskin”, covers the two hemispheres of 
coffee seeds [7]. Coffee silverskin (CSS) is removed from 
green coffee beans as the byproduct of the coffee roasting 
process [8, 9].

The positive effects of coffee on health are usually attrib-
uted to its components with antioxidant capacity such as 
chlorogenic acids and caffeine [10, 11]. Moreover, coffee 
seeds are rich in polyphenols [12]. In addition, coffee silver-
skin has high levels of soluble dietary fibers, and functions 
as a good source of prebiotics [13]. Various studies have 
shown the high antioxidant capacities of these compounds 
[14, 15]. However, there is no study that shows the in vitro 
bioaccessibility properties of coffee seeds and by-products 
together.

In the present study, the antioxidant properties and bio-
accessibility of the green and roasted coffee seeds and CSS 
of Arabica and Robusta coffee species grown in different 
countries were examined. Thus, the differences between the 
coffee species were determined in addition to the determina-
tion of the effects of the roasting of coffee beans.

Materials and methods

Materials

Green coffee beans (GCB) and roasted coffee beans (RCB) 
grown in different countries were obtained from Bayrame-
fendi Osmanlı Kahvecisi A.Ş. In the study, seven Arabica 
(A)—(Colombia, Ethiopia, Costa Rica, Kenya, Guatemala, 
Brazil-Santos, Brazil-Rio Minas) and three Robusto (R) 
(Indonesia, India, Central African Republic) species grown 
in different countries were used. The coffee beans were 
roasted in an industrial roaster at 180–200 °C for 15–20 min 
and immediately cooled. They were, then, placed in poly-
ethylene bags and brought to the laboratory. During these 
roasting processes, the coffee silverskin was obtained as 
a by-product, and put into separate polyethylene bags and 
separated. All the samples were stored in a dry, dark, and 
non-humid environment. Before the coffee beans and coffee 
silverskin were analyzed, they were ground using an electric 
coffee grinder (Tefal, Turkey) and made homogeneous by 
passing through a 60-mesh-sieve.

Methods

Two different extraction methods (extracted and hydrolyzed 
fraction) were used in order to determine the free and bound 

antioxidant compounds of the coffee beans and their coffee 
silverskin, whereas an in vitro enzymatic extraction method, 
which mimics digestive system conditions, was applied in 
order to determine the bioaccessibility of the coffee beans 
and their coffee silverskin [16, 17]. The prepared extracts 
were used to determine TPC and antioxidant capacity 
(ABTS, CUPRAC, FRAP).

Chemicals

All the reagents and chemicals used in the experiments 
were of analytical grade. Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid), neocuproine, 
gallic acid, potassium chloride, ABTS (2,2´-azobis(2-
methylpropionamidina)-dihydrochloride), sodium hydrox-
ide, pepsin, bile extract, pancreatin, concentrated hydro-
chloric acid (37% w/v), and concentrated sulfuric acid 
(95–98%) were purchased from Sigma (St. Louis, MO, 
USA). Folin–Ciocalteau phenol reagent, HPLC-grade meth-
anol, ethanol, sodium chloride, sodium carbonate, sodium 
acetate, ammonium acetate, and copper (II) chloride were 
purchased from Merck (Darmstadt, Germany). High-quality 
water was used, obtained by the Milli-Q system (Millipore, 
Bedford, MA, USA).

Sample preparation

The extractable, hydrolyzable, and bioaccessible fractions 
of the coffee beans and their CSS samples were performed 
according to the method developed by Vitali et al. [16] 
and Naczk and Shahidi [17] with slight modifications. The 
extractions of each type of fraction were carried out in trip-
licate samples for each coffee bean and CSS. For extract-
able fraction, the samples (2.0 g) were mixed with 20 mL of 
HCl conc/methanol/water (1:80:10, v/v) and shaken using a 
rotary shaker (JB50-D; China) at 250 rpm for 2 h at 20 °C. 
The mixture was, then, centrifuged at 3500 × g for 10 min 
at 4 °C (Sigma 3 K 30). The residue was separated, and the 
supernatants were stored at − 16 °C until the time of use. 
The residue was combined with 20 mL of methanol/  H2SO4 
conc (10:1), and they were kept at 85 °C for 20 h and then 
cooled at room temperature. The mixtures were centrifuged 
at 3500 × g for 10 min at 4 °C (Sigma 3 K 30). The superna-
tants were separated as a hydrolyzable fraction and stored 
at − 16 °C until the time of use. An artificial stomach and 
intestinal environment were prepared in a laboratory for the 
extraction of bioaccessible fractions with slight modifica-
tions [18]. Briefly, 2 g of samples were mixed with simulated 
gastric fluid (containing pepsin) and the pH was adjusted 
to 2.0; the samples were then incubated for 2 h at 37 °C 
with an orbital shaker. After gastric digestion, the intestinal 
phase was performed by incorporating 10 ml of simulated 
intestinal fluid (containing pancreatin and bile salts); the pH 
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was adjusted to 7.0 and incubated for 2.5 h with an orbital 
shaker. At the end of the period, the samples were centri-
fuged at 3500 rpm for 10 min (Sigma 3K30, Germany). The 
supernatant was separated as a bioaccessible fraction and 
stored at − 16 °C until the time of analysis.

Determination of total phenolic contents (TPC)

The total phenolic contents of all the fractions were deter-
mined based on the Folin–Ciocalteau colorimetric method as 
described by Nack and Shahidi (2004). They were expressed 
as gallic acid equivalents (mg GAE/100 g). The total phe-
nolic content was calculated as the sum of extractable and 
hydrolyzable fractions. Analyses were carried out three 
times for each extract.

Antioxidant capacity

In order to determine antioxidant capacities, considering the 
mechanisms, selectivity, sensitivity, and applicability of the 
methods used, it is recommended to compare the antioxidant 
capacities of foods through the utilization of more than one 
method [19, 20]. Therefore, the ABTS (Radical Scavenging 
Assay), CUPRAC (Cupric ion reducing antioxidant capac-
ity assay), and FRAP (Ferric reducing antioxidant power) 
methods were used to determine the antioxidant capacity of 
the extractable, hydrolyzable, and bioaccessible fractions of 
the samples. All assays were repeated three times for each 
extract and analyzed by using a spectrophotometer (Shi-
madzu UV-1280). A calibration curve was prepared, using 
Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-carbox-
ylic acid), and the results were expressed as µmol TE/g for 
each method.

ABTS assay

The determination of the ABTS radical cation decolorization 
assay was conducted according to the method of Apak [20]. 
For ABTS*+ radical solution, 7 mM ABTS in water and 
2.45 mM potassium persulfate, stored in the dark at room 
temperature for 12–16 h before use to obtain an absorbance 
at 734 nm. ABTS*+ radical solution of blue-green color was 
diluted with ethanol (96%) at a ratio of 1:10. The procedure 
was used adding 1 mL of the ABTS solution to (x) mL of 
extract and (4.0—x) mL of ethanol, and the absorbance was 
measured at 734 nm after 6 min by using UV/Vis spectrom-
eter (Optizen 3220 UV, Mecasys).

CUPRAC assay

The antioxidant capacity of the extracts was determined 
spectrophotometrically following the procedure by Apak 
[19.] Briefly, 1 mL of 1 ×  10–2 M  CuCl2, 1 mL 7.5 ×  10−3 M 

neocuproine, 1 mL ammonium acetate buffer solutions, 
x mL extract of the samples, and (4-x) mL of water were 
added and mixed. The final mixture at 4.0 mL total volume 
was allowed to stand at room temperature, and after 30 min, 
the absorbance at 450 nm (Optizen 3220 UV, Mecasys) was 
recorded against a reagent blank.

FRAP assay

The antioxidant capacity of the coffee beans and their coffee 
silverskin was estimated spectrophotometrically following 
the procedure by Benzie and Strain (1996), with slight modi-
fications. To prepare the Ferric reducing antioxidant power 
(FRAP) reagent, TPTZ solution,  FeCl3 solution, and acetate 
buffer solutions were prepared, taking 250 mL, 250 mL, and 
62.5 mL, respectively, mixed and heated to 37 °C. Then, 100 
μL of the sample, 300 μL of water, and 3 mL of the FRAP 
solution were put into the analysis tubes. After 15 min in a 
hot water bath at 37 °C, the absorbance values were meas-
ured at 595 nm in a spectrophotometer (Optizen 3220 UV-
Mecasys). The waiting period was determined as a result of 
the preliminary orders.

Statistics

The results obtained from the analyses were evaluated sta-
tistically using the SPSS 22.0 program. All results were 
expressed as the mean ± standard deviation (SD). The 
significant difference was calculated by the LSD test; val-
ues p < 0.05. the analyzes were performed in three repli-
cates. To determine similar groups of different coffee beans 
belonging to different countries, the total phenolic con-
tent and total antioxidant capacity results of the green and 
roasted coffee beans and their coffee silverskin were deter-
mined using the “Hierarchical Clustering Method” (Clus-
ter) – Ward's technique – in the JMP software. Dendrogram 
graphics were created to identify the groups close to each 
other. In the color map in the graphs, the analysis results 
were shown from the smallest to the largest in blue, gray, 
and red color tones from light to dark.

Results

Total phenolic content

The different fractions of the TPC of the green and roasted 
coffee beans and their coffee silverskin are presented in 
Fig. 1. The TPC of the extractable fractions of the green 
and roasted coffee beans varied between 114.71–172.49 mg 
GAE/100 g and 92.03–134.70 mg GAE/100 g, respectively. 
The highest results in GCB were found in Ethiopia, the low-
est in India, the highest in RCB in Ethiopia and the lowest 
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in Guatemala depending on the growing location (p < 0.05). 
The TPC of the hydrolyzable fractions of the coffee beans 
were determined to be higher than the extractable fractions 
(p < 0.05). In the hydrolyzable fractions, the highest TPC 
was determined in the green (228.44 mg GAE/100 g) and 
roasted (190.55 mg GAE/100 g) coffee beans of Robusto 
species grown in Indonesia (p < 0.05) followed by results 
from the green and roasted coffee beans of Arabica species 
grown in the Rio-Minas and Santos region of Brazil, Costa 
Rica, Ethiopia and Kenya (Fig. 1a).

Evaluating the TPC of the green coffee beans in terms of 
coffee species, Robusto coffees showed higher results with 

332.31–400.93 mg GAE/100 g compared to those of Ara-
bica (293.37–363.31 mg GAE/100 g). Among all the coffee 
beans analyzed, it was determined that the Arabica coffee 
beans grown in Costa-Rica had the highest total phenol con-
tent (363.31 mg GAE/100 g), while the lowest result was in 
those grown in Guatemala (Fig. 1a). The highest TPC was 
determined in the Arabica coffee beans grown in Ethiopia 
(314.34 mg GAE/100 g), while the lowest result was found 
in the roasted coffee beans grown in Costa Rica (247.82 mg 
GAE / 100 g). No statistically significant differences were 
found between the TPC of the Ethiopia-A, Indonesia-R, 
India-R, and Central African Republic-R roasted coffee 

Fig. 1  Different fraction of total phenolic contents of green and roasted coffee beans (a) and their coffee silverskin (b)**. *TPC Total phenol 
content, **Coffee type: A-Arabica, R-Robusta
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bean samples (p > 0.05). Priftis et al. [21] reported that green 
coffee beans had a higher TPC compared to roasted ones. 
Jeszka-Skowron et al. [22] stated that coffee phenolic acids, 
which contribute to high TPC activity, had losses during 
the roasting process and that roasting temperature and time 
were, therefore, quite effective.

Examining the TPC of the coffee silverskin, it was deter-
mined that the Robusto coffee beans grown in India had the 
highest total phenol content (168.27 mg GAE/100 g), fol-
lowed by the Arabica species grown in Brazil's Rio-Minas 
(160.07 mg GAE/100 g) and Kenya (164.50 mg GAE/100 g) 
(p < 0.05) (Fig. 1b). The total phenol contents of the coffee 
silverskin of the hydrolyzable fractions (70.28–110.90 mg 
GAE /100 g) were determined significantly higher than those 
of the extractable fractions (51.72–67.71 mg GAE / 100 g). 
Gemechu (2020) reported that the TPC content of the cof-
fee silverskin varied between 10.75 and 17.3 g GAE/100 g 
[23]. Costa et al. [24] stated that the TPC value changed in 
different extractions of the coffee silverskin used with water 
(173 mg GAE/L) and ethanol (85.1 mg GAE/L). Similar 
results were also reported by Panusa et al. [25]. Our study 
results were similar to those in the literature.

Based on the average results, the total phenol content 
of the samples can be listed as GCB > RCB > CSS. It was 
reported that this was due to the higher amount of some 
phenol compounds in green and roasted coffees [26].It was 
also stated that the storage conditions (storage temperature, 
humidity, and storage equipment) of green coffee beans 
affected the shelf life and coffee quality. In the literature, it 
was showed that the effect of antioxidants, such as chloro-
genic acids, other phenolic acids, polyphenols and alkaloids 
in green coffee beans, varied according to coffee bean spe-
cies (Arabica, Robusta) used [27].

Antioxidant capacity

The antioxidant capacities of the extractable and hydrolyz-
able fractions and the total antioxidant capacity of the sam-
ples were determined by the ABTS, CUPRAC, and FRAP 
methods. The antioxidant capacity of the green and roasted 
coffee beans and their coffee silverskin measured with dif-
ferent methods is given in Fig. 2. In the comparison of the 
levels of all methods for antioxidant capacities among the 
coffee beans and their coffee silverskin, differences were 
observed (p < 0.05).

ABTS assay

The antioxidant capacity results obtained using the ABTS 
method are given in Fig. 2a for coffee beans and in Fig. 2b 
for coffee silverskin. According to the antioxidant capac-
ity results of the green coffee beans, the Robusta cof-
fee beans yielded higher results than the Arabica coffee 

beans with 135.18–162.01 µmol TE/g. Among all the 
coffee beans analyzed, it was determined that the Ara-
bica coffee beans grown in the Santos region of Brazil 
had the highest antioxidant capacity (134.82 µmol TE / 
g), whereas those grown in Costa Rica yielded the lowest 
results (105.71 µmol TE / g) (p < 0.05). The antioxidant 
capacity of the extractable fractions of the coffee beans 
ranged between 33.82 and 56.28 µmol TE/g, and the high-
est was detected in Colombia and the lowest in Costa-Rica 
(Fig. 2a). It was determined that the antioxidant capacity 
of the hydrolyzable fractions of the green coffee beans 
was higher than the extractable fractions (p < 0.05). In the 
hydrolyzable fractions, the Robusto coffee beans yielded 
the highest value with 108.57 µmol TE/g, followed by the 
coffee beans grown in the Central African Republic with 
103.89 µmol TE/g. In the Arabica coffee beans, the highest 
antioxidant capacity (95.54 µmol TE / g) was determined 
in the coffee beans grown in the Santos region of Brazil, 
followed by those grown in Kenya, Brazil's Rio-Minas 
region, and Ethiopia (Fig. 2a).

When the antioxidant capacities of the roasted coffee 
beans were evaluated in terms of coffee species, the Robusta 
coffee beans showed significantly higher results (p < 0.05) 
with 111.07- 189.60 µmol TE/g compared to the Arabica 
coffee beans. It was reported that this was due to the higher 
content of chlorogenic acid, which was produced by the 
decomposition of various phenolic compounds during the 
roasting of Robusta coffees, and this resulted in bitterness, 
compared to the Arabica coffee beans [11]. Among the Ara-
bica coffee beans, it was determined that those grown in 
Colombia had the highest antioxidant capacity (184.16 µmol 
TE / g), whereas those grown in Costa-Rica (113.21 µmol 
TE / g) yielded the lowest result (Fig. 2a). The antioxidant 
capacity of the extractable fractions of the roasted coffee 
beans ranged from 36.50 to 78.84 µmol TE / g, whereas 
the highest was found in Colombia and the lowest in Kenya 
(p < 0.05). In the hydrolyzable fractions, the Robusto cof-
fee beans produced the highest result in Indonesia with 
108.57 µmol TE/g, followed by the coffee beans grown in 
the Central African Republic with 103.89 µmol TE/g. In 
Arabica, the highest antioxidant capacity (105.32 µmol TE 
/ g) was determined in the coffee beans grown in Colombia, 
followed by those grown in Guatemala, and the Santos and 
Rio-Heritage regions of Brazil (Fig. 2a). In a study in which 
Cammerer and Kroh (2006) roasted coffee samples (80% 
Arabica and 20% Robusta) at three different roasting tem-
peratures (light, medium and dark), the antioxidant capac-
ity of the coffee samples was determined by the DPPH and 
ABTS method results [28]. It was stated by the researchers 
that antioxidant capacity decreased from medium roasted 
coffee to dark roasted coffee and that this result was associ-
ated with the amount of phenolic compounds in the coffee 
decreasing with increasing roasting temperature.
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Fig. 2  Antioxidant capacity (μmol TE/g) of green and roasted cof-
fee beans and their coffee silverskin measured with different meth-
ods. *Antioxidant capacity methods: ABTS radical scavenging assay, 

CUPRAC  cupric ion reducing power assay, FRAP  ferric reducing 
antioxidant power assay. 1Coffee type: A-Arabica, R-Robusta
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The antioxidant capacities (AC) of the coffee silverskin 
according to the ABTS method were significantly higher 
(p < 0.05) in the Robusta (84.20–91.29 µmol TE / g) coffee 
beans than those of Arabica (71.25–112.94 µmol TE / g). 
The Kenya-A, Brazil Santos-A, and India-R CSS samples 
showed the highest AC results (Fig. 2b).

CUPRAC assay

The antioxidant capacity results obtained using the CUPRAC 
method are given in Fig. 2c for coffee beans and Fig. 2d 
for coffee silverskin. According to the antioxidant capacity 
results of the green coffee beans, the Robusta coffee beans, 
with 489.45–676.18 µmol TE/g, yielded higher results than 
those of Arabica species. Among all the green coffee beans 
analyzed, it was determined that those grown in Indonesia 
had the highest antioxidant capacity with 676.18 µmol TE/g, 
followed by those grown in Guatemala with 547.53 µmol 
TE/g and Colombia, with 522.58 µmol TE/g. The lowest 
antioxidant capacity was found to be 438.02 µmol TE/g in 
the coffee beans grown in Ethiopia (p < 0.05) (Fig. 2c).

The antioxidant capacity of the extractable fractions 
of the green coffee beans varied between 171.24 and 
277.56 µmol TE/g for Arabica species. The highest was 
determined in those grown in Colombia, whereas the lowest 
was found in those grown in Ethiopia. Among the Robusto 
coffee beans, it was observed that those grown in Indonesia 
and those grown in the Central African Republic had the 
lowest antioxidant capacities with 286.52 µmol TE / g and 
163.92 µmol TE / g (p < 0.05), respectively. The antioxidant 
capacity of the green coffee beans yielded the highest in the 
hydrolyzable fractions of Robusta species, followed by those 
grown in Indonesia with 389.67 µmol TE/g and those grown 
in the Central African Republic with 326.53 µmol TE/g. In 
the Arabica coffee beans, the highest antioxidant capacity 
was determined in the coffee beans grown in the Rio-Miras 
region of Brazil, followed by those grown in the Guatemala 
region, Kenya, and Ethiopia.

According to the CUPRAC method, the antioxidant 
capacity of the roasted coffee beans varied between 413.61 
and 515.98 µmol TE/g for Arabica species, and 401.10 and 
500.93 µmol TE/g for Robusta species. The most important 
factor affecting the quality of roasted coffee beans is temper-
ature and time, and the chlorogenic acid values among these 
compounds decreases with increasing roasting temperature 
[11]. Researchers reported that medium-dark roasted cof-
fee had the highest antioxidant potential and that the roast-
ing process played a key role in the antioxidant capacity of 
coffee species and origin (Arabica or Robusta) [28]. In the 
present study, since the green coffee beans were medium-
roasted, the antioxidant capacity of the roasted coffee beans 
was also positively affected. Among all the analyzed cof-
fee beans, it was determined that those grown in Ethiopia 

(515.98 µmol TE / g) had the highest antioxidant capacity, 
whereas those grown in India (401.10 µmol TE / g) had 
the lowest result. The antioxidant capacity of the extract-
able fractions of the roasted coffee beans varied between 
140.11 and 224.10 µmol TE/g, and the highest was found in 
Indonesia whereas the lowest was determined in the Central 
African Republic (p < 0.05). In the hydrolyzable fractions 
of the roasted Robusto coffee beans, those grown in the 
Central African Republic yielded the highest values with 
281.25 µmol TE g, followed by the coffee beans grown in 
Indonesia with 276.83 µmol TE / g. As for Arabica, the cof-
fee beans grown in Colombia had the highest antioxidant 
capacity, followed by those grown in the Rio-Minas region 
of Ethiopia and Brazil. Among the hydrolyzable fractions in 
Arabica species, the lowest antioxidant capacity was found 
in the coffee beans grown in Guatemala (Fig. 2c).

According to the CUPRAC method, the antioxidant 
capacities (AC) of the coffee silverskin (CSS) were deter-
mined in the range of 208.89–283.22 µmol TE/g in the 
Robusta coffee beans and 205.22–314.02 µmol TE/g in the 
Arabica coffee beans. The coffee silverskin of the Kenya-A 
and Indonesia-R coffee beans yielded significantly higher 
results (p < 0.05) in the region compared to the other cof-
fee species (Fig. 2d). Examining the antioxidant capacity 
results of all coffee sliverskin in different fractions, it was 
found that the Kenya-A coffee sample yielded significantly 
(p < 0.05) higher results. It was reported that CSS was one 
of the phenolic compounds and that especially its high chlo-
rogenic acid content resulted in good bioaccessibility and 
antioxidant properties [7, 29].

FRAP Assay

The antioxidant capacity results obtained using the FRAP 
method are given in Fig. 2e for coffee beans and Fig. 2f for 
the coffee silverskin. According to the antioxidant capac-
ity results of the green coffee beans, the Robusta coffee 
beans (187.16–231.42 µmol TE/g) yielded higher results 
than the Arabica coffee beans (157.58–225.84 µmol TE / 
g). Of all the coffee beans analyzed, those of the Robusta 
coffee beans grown in Indonesia had the highest antioxi-
dant capacity (231.42 µmol TE / g), whereas the Arabica 
coffee beans grown in Brazil's Rio-Minas region had the 
lowest antioxidant capacity (157.58 µmol TE / g) (p < 0.05) 
(Fig. 2e). The antioxidant capacity of the hydrolyzable frac-
tions of the green coffee beans (mean 121.25 µmol TE / 
g) was determined to be higher than the extractable frac-
tions (average 83.19 µmol TE/g). The antioxidant capac-
ity of the extractable fractions varied between 73.19 and 
92.38 µmol TE/g, with the highest result determined in the 
coffee beans grown in India, whereas the lowest was found 
in those grown in Indonesia. In the hydrolyzable fractions, 
among the Robusto coffee beans, those grown in Indonesia 
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had the highest antioxidant capacity with 158.78 µmol TE/g, 
followed by Kenya with 135.05 µmol TE/g.

The antioxidant capacity of the roasted coffee beans 
varied between 197.24 and 278.39 µmol TE/g for Robusta 
species and 152.90- 263.76 µmol TE/g for Arabica species. 
Comparing the coffee species in terms of antioxidant capac-
ity, a statistically significant difference was found at p < 0.05 
level in the Robusta coffee beans (average 241.30 µmol 
TE/g) compared to the Arabica coffee beans (average 
217.45 µmol TE/g). Among all the coffee beans analyzed, it 
was determined that the Robusta coffee beans grown in India 
had the highest antioxidant capacity (278.39 µmol TE/g), 
while the lowest antioxidant capacity was found in the Ara-
bica coffee beans (152.90 µmol TE/g) grown in Ethiopia. 
The antioxidant capacity of the extractable fractions of the 
roasted coffee beans varied between 66.25 and 113.89 µmol 
TE/g, and the highest was detected in Kenya whereas the 
lowest was determined in Ethiopia (Fig. 2e). The antioxi-
dant capacity averages of the Arabica coffee beans were 
130.20 µmol TE/g in the hydrolyzable fractions, while it was 
139.70 µmol TE/g for the Robusto coffee beans. Pokorna 
et al. [30] investigated the antioxidant potential of raw and 
roasted Arabica and Robusta coffee beans with four different 
test methods and reported that FRAP and TPC methods were 
in a good correlation and that coffee species was a more 
effective variable than the roasting degree.

According to the antioxidant capacity results of the coffee 
silverskin, the Robusta coffee beans (314.77–365.32 µmol 
TE / g) yielded higher results than the Arabica coffee beans 
(294.04–370.94 µmol TE / g). Of all the coffee beans ana-
lyzed, those of the Robusta species grown in Indonesia had 
the highest antioxidant capacity (365.32 µmol TE / g) and 
the Arabica coffee beans grown in Ethiopia had the highest 
antioxidant capacity (370.94 µmol TE / g). Those grown in 
the Rio-Minas region of Brazil had the lowest antioxidant 
capacity (294.04 µmol TE / g) (p < 0.05) (Fig. 2f). The anti-
oxidant capacity of the extractable fractions of the coffee 
silverskin varied between 102.91 and 131.81 µmol TE/g, and 
the antioxidant capacities of Guatemala-A, India-R, Colom-
bia-A, which showed the highest values, were statistically 
similar (p < 0.05). The Costa Rica-A, Kenya-A, Ethiopia-A, 
and Indonesia-R samples, respectively, showed the highest 
results in terms of the antioxidant capacity of the hydrolyza-
ble fractions of the coffee silverskin (Fig. 2f). It was reported 
that, compared using the FRAP method, CSS showed similar 
results to foods containing valuable antioxidant sources such 
as dark chocolate, herbs, and spices [7].

Evaluating all the analysis results, it was found that 
different species of coffee beans (Arabica, Robusta) and 
different geographic regions had significant (p < 0.05) 
effects on the antioxidant properties of the green (GCB) 
and roasted (RCB) coffee beans and their coffee silverskin 
(CSS). Similar results were obtained in recent studies on the 

determination of the antioxidant properties of coffee beans 
[31]. Robusta coffee bean species showed higher results in 
terms of antioxidant capacity in the DPPH method com-
pared to Arabica. Coffee beans from Uganda and Vietnam, 
among Robusta coffee beans, showed the highest antioxidant 
capacity whereas among Arabica species, the lowest anti-
oxidant capacity was determined in those grown in Ethiopia 
and Guatemala [32]. The results of the present study were 
in agreement with the literature data. It was reported that 
Robusta species showed high antioxidant capacity due to 
their higher chlorogenic acid and caffeine content [32, 33]. 
Ciaramelli et al. [14] examined green, medium roasted and 
ground coffee beans of different country-originated Arabica 
and Robusta species in terms of bioactive components and 
antioxidant capacity, and in parallel with the high contents 
of chlorogenic acid and caffeine, the antioxidant capacity of 
Robusta green coffee beans was higher than that of Arabica 
coffee beans. However, it was reported that similar antioxi-
dant capacity values were obtained in both species of roasted 
coffee beans, depending on the formation of melanoidin. 
Song et al. [34] reported that the roasted coffee beans of 
the C. robusta species grown in India contained higher lev-
els of bioactive components and showed higher antioxidant 
capacity than that of Arabica grown in Guatemal. It was 
reported that new phenolic compounds were formed during 
the roasting of coffee beans and that roasted coffee beans 
showed higher antioxidant capacity than green coffee beans. 
It was stated that medium-roasting at 220 °C for 12 min 
was the best for coffee beans, above which the antioxidant 
capacity decreased. In similar studies using different anti-
oxidant capacity methods, Arabica and Robusta coffee beans 
showed different antioxidant capacity results according to 
the region where they were grown [35, 36]. In the present 
study, in which similar results were obtained with the litera-
ture results, significant differences were found between the 
antioxidant capacity analysis results according to the coffee 
species and growing region.

Studies on the antioxidative properties of coffee siverskin 
are more limited compared to those on coffee beans. It was 
reported that the high dietary fiber and polyphenol content 
of CSS, a by-product of roasted coffee beans, positively 
increased the antioxidant capacity of melanoidins formed 
as a Maillard reaction product during roasting. [25]. In other 
studies showing results parallel to those of the present study, 
it was reported that the coffee silverskin showed high antiox-
idant capacity in the results of different antioxidant capacity 
methods applied with different extraction methods [8, 31]. 
Studies stated that the use of CSS increased the antioxi-
dant capacity and sensory properties in beverages and some 
cereal products due to the increase of bioactive components 
[37–39]. In grouping different coffee beans belonging to the 
countries in the study, according to the results of the den-
drogram graph given in Fig. 3, four different groups were 
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formed according to the TPC results. Indonesia-R yielded 
the best results, and the RCB and CS groups were found to 
be close to each other (Fig. 3a). According to the results of 
three different methods used to determine the total antioxi-
dant capacity, Kenya-A in the ABTS method (Fig. 3b), Indo-
nesia-R and Kenya-A in the CUPRAC method (Fig. 3c), and 
Brazil-Rio Minas-A in the FRAP method (Fig. 3d) showed 
different and better properties compared to all the groups. 
According to the coffee bean groups of different countries, 
the general properties of the RCB and CSS samples were 
close to each other, and the GCB samples yielded higher 
results (Fig. 3).

In vitro bioaccessibility of total phenolic compounds 
and antioxidants

A very small fraction of nutrients taken from food can be 
absorbed, stored and then used by the body [40].Therefore, 

it is more important to know the amount of biologically 
accessible bioactive components in foods than the amount 
of bioactive components in food [41]. Determination of 
bioaccessibility, defined as the amount of nutrient absorbed 
from the intestines (Barba et al. [42]), was carried out under 
in vitro conditions by determining the components poten-
tially absorbable from the intestines after passing through 
the artificially created digestive system (GI) under labora-
tory conditions. Bioaccessibility varies depending on many 
reasons such as food matrix, chemical composition, process-
ing and storage conditions, and individual digestion capac-
ity [43]. There are no studies in the literature investigating 
the bioaaccessibility properties of green and roasted coffee 
beans and their silverskin.

The bioaccessibility of the antioxidant properties of the 
green and roasted coffee beans are given in Table 1 and 
Table 2. Considering the evaluation of the bioaccessibility 
of the total phenol content according to the coffee species, 

(a) (b)

(c) (d)

Colombia-A
Ethiopia-A

Costa Rica-A

Kenya-A

Guatemala-A

Brazil -Santos-A

Brazil -Rio Minas-A

Indonesia-R

India-R

Central African Republic-Rt

G
C

B

R
C

B

C
S

Colombia-A

Ethiopia-A

Costa Rica-A

Kenya-A

Guatemala-A

Brazil-Santos-A

Brazil -Rio Minas-A

Indonesia-R

India-R

Central African Republic-R

G
C

B

R
C

B

C
S

S

Colombia-A

Ethiopia-A
CostaRica-A
Kenya-A

Guatemala-A

Brazil-Santos-A

Brazil-RioMinas-A

Indonesia-R

India-R

Central African Republic-R

G
C

B

R
C

B

C
S

S

Colombia-A

Ethiopia-A
CostaRica-A
Kenya-A

Guatemala-A
Brazil- Santos-A

Brazil- Rio Minas-A

Indonesia-R

India-R

Central African Republic-R

G
C

B

R
C

B

C
S

S

Fig. 3  Hierarchical clustering analysis-dendrogram for all cracker 
samples concerning the content of TPC (a), TAC-ABTS (b), TAC-
CUPRAC (c), and TAC-FRAP (d). *TPC: Total Phenolic content, 

TAC  Total Antioxidant Capacity, ABTS radical scavenging assay, 
CUPRAC  cupric ion reducing power assay; FRAP: ferric reducing 
antioxidant power assay. 1Coffee type: A-Arabica, R-Robusta
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the average value for the Robusta species was 189.78 mg 
GAE/100 g, while the average for the Arabica species was 
161.54 mg GAE/100 g, and the difference between them was 
statistically significant (p < 0.05).

When the bioaccessibility of antioxidant capacity accord-
ing to the ABTS, CUPRAC, and FRAP methods was evalu-
ated, the average of the Arabica coffee beans was 60.43 µmol 
TE/g, 314.72 µmol TE/g and 88.19 µmol TE/g, and the 
average of the Robusta coffee beans was 76.55 µmol TE/g, 
321.04 µmol TE/g and 110.29 µmol TE/g, respectively. Eval-
uating the bioaccessible fractions of the green coffee beans 
in terms of antioxidative properties, it was found that the 
total phenol content and antioxidant capacity of the Robusta 
coffee beans grown in Indonesia were high, whereas those 
grown in the Rio-Minas region of Brazil were low (Table 1). 

When the bioaccessible fractions of the roasted coffee beans 
were evaluated in terms of total phenol content and antioxi-
dant capacity, the total phenol content of the Indonesia-R 
and Ethiopia-A coffee beans and the antioxidant capacity of 
the Ethiopia-A, Kenya-A coffee samples were found to be 
high (p < 0.05) (Table 2).

When evaluated in terms of the total phenol content and 
antioxidant capacity of the bioaccessible fractions of the cof-
fee silverskin, Ethiopia-A and India-R had the highest TPC 
values (Fig. 1b), whereas AC was the highest in Brazil-Rio-
Minas-A and the lowest in the Central African Republic-R 
(Fig. 2b) according to the ABTS method. According to the 
CUPRAC method, the highest AC value was determined in 
Kenya-A whereas the lowest was determined in Colombia-
A (Fig. 2d). The highest AC value according to the FRAP 

Table 1  Bioaccessibility of antioxidant properties of green coffee beans

*Mean values represented by the same letters within the same column are not significantly different at p ≤ 0.05
Data are expressed as means ± standard deviations (n = 3)
h TPC Total phenol content

Growing region Type TPCh (mg GAE/100 g) Antioxidant capacity (µmol TE/g)

ABTS CUPRAC FRAP

Colombia Arabika 162.90 ± 1.60c* 80.92 ± 0.18b 303.94 ± 2.63d 126.32 ± 1.64a
Ethiopia 179.47 ± 2.14b 69.98 ± 0.60c 271.89 ± 2.62f 81.18 ± 0.80d
Costa Rica 175.23 ± 1.20b 85.50 ± 0.21a 382.85 ± 2.16b 101.47 ± 1.62b
Kenya 153.83 ± 1.56d 45.67 ± 0.95e 290.55 ± 3.32e 89.56 ± 2.07c
Guatemala 139.31 ± 1.92f 57.43 ± 0.80d 399.95 ± 3.99a 69.82 ± 0.57e
Brazil -Santos 173.14 ± 1.03bc 43.92 ± 0.84ef 350.86 ± 1.20c 69.95 ± 0.64e
Brazil—Rio Minas 146.96 ± 1.27e 39.64 ± 0.30f 203.03 ± 1.33g 79.038 ± 2.12d
Indonesia Robusta 214.19 ± 1.10a 86.08 ± 0.24a 294.39 ± 1.72de 103.18 ± 0.59b
India 179.47 ± 2.14b 85.98 ± 0.24a 388.93 ± 3.03b 130.00 ± 1.50a
The Central African Republic 175.70 ± 1.85b 57.49 ± 0.23d 279.81 ± 1.59f 97.69 ± 3.15bc

Table 2  Bioaccessibility of antioxidant properties of roasted coffee beans

Mean values represented by the same letters within the same column are not significantly different at p ≤ 0.05 Data are expressed as 
means ± standard deviations (n = 3)
h TPC Total phenol content

Growing region Type TPCh (mg GAE/100 g) Antioxidant capacity (µmol TE/g)

ABTS CUPRAC FRAP

Colombia Arabica 124.98 ± 0.43b 86.20 ± 1.12d 254.36 ± 3.19a 60.38 ± 1.51e
Ethiopia 135.26 ± 2.15a 98.83 ± 1.15a 204.79 ± 4.79d 57.15 ± 0.67f
Costa Rica 88.63 ± 1.10f 87.99 ± 0.33d 173.42 ± 3.77e 74.67 ± 1.26c
Kenya 121.90 ± 0.63c 98.61 ± 0.94a 204.73 ± 0.53d 98.92 ± 1.74a
Guatemala 99.87 ± 0.87e 89.90 ± 1.15c 169.76 ± 3.20f 53.22 ± 1.07g
Brazil -Santos 99.79 ± 1.73e 83.78 ± 1.10e 222.30 ± 2.19c 62.44 ± 0.25e
Brazil—Rio Minas 133.81 ± 1.28a 78.59 ± 0.76f 234.18 ± 3.14b 75.34 ± 1.32c
Indonesia Robusta 125.60 ± 1.49b 81.27 ± 0.76e 234.27 ± 3.18b 70.27 ± 1.08d
India 112.58 ± 8.46d 94.30 ± 0.90b 196.75 ± 2.55e 85.39 ± 0.16b
The Central African Republic 121.39 ± 1.13c 86.89 ± 1.53d 173.48 ± 2.59e 84.28 ± 0.90b
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method was determined in Indonesia-R, whereas the lowest 
was determined in Colombia-A (Fig. 2f) (p < 0.05).

The % bioaccessibility values of the green and roasted 
coffee beans and their coffee silverskin according to their 
total phenol content and antioxidant capacity (ABTS, 

CUPRAC, and FRAP) are given in Fig. 4a, b, and c, respec-
tively. The % bioaccessibility of the total phenol content of 
the green coffee beans ranged from 43.76% (Brazil—Rio 
Minas region) to 54.74% (India), and the average was deter-
mined to be 50.05%. The average bioaccessibility of the 

Fig. 4  Bioaccessibility (%) of antioxidant properties of green and 
roasted coffee beans and their coffee silverskin. *Total phenol con-
tent (TPC) was calculated as the sum of extractable and hydrolyz-
able phenols. Bioaccessibility was calculated as the percentage of 

total phenolic content. 1Antioxidant capacity methods: ABTS radical 
scavenging assay; CUPRAC  cupric ion reducing power assay; FRAP 
ferric reducing antioxidant power assay. 2Coffee type: A-Arabica, 
R-Robusta
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total phenol content of the Arabica coffee beans was 48.5%, 
while that of the Robusta coffee beans was 53.67%. The 
difference between the two species of coffee was statisti-
cally significant (p < 0.05). The highest bioaccessibility of 
the total phenol content was determined to be Ethiopia with 
54.57%, whereas the lowest was found in those grown in the 
Brazil-Rio Minas region with 43.76%. Evaluating according 
to the Robusta species, the highest was determined in the 
coffee beans grown in India (54.74%) whereas the lowest 
in those grown in the Central African Republic (52.87%) 
(Fig. 4). Evaluating the % bioaccessibility of the antioxidant 
capacity of the green coffee beans, significant differences 
were found between all three methods. The highest average 
% bioaccessibility value was determined in the CUPRAC 
method (62.80%), followed by the FRAP (47.22%) and 
ABTS (33.52%) methods. According to the CUPRAC 
method, the highest % bioaccessibility was determined in 
those grown in Costa Rica with 85.03%, whereas the lowest 
% bioaccessibility was found in the coffee beans grown in 
the Rio-Minas region of Brazil with 39.50% (Fig. 4). The 
average bioaccessibility of the Arabica coffee beans was 
64.48%, while the average bioaccessibility of the Robusta 
coffee beans was 58.89%. According to the FRAP method, 
the coffee beans grown in Colombia had the highest bioac-
cessibility (61.23%), followed by those in India (56.17%) 
and Costa Rica (52.73%). The lowest bioaccessibility was 
obtained in those grown in Guatemala with 36.19%, fol-
lowed by Kenya with 39.65% and the Rio-Minas region of 
Brazil with 39.92%. According to this method, the antioxi-
dant capacity average values were determined to be 45.31% 
in the Arabica coffee beans and 51.68% in the Robusta cof-
fee beans. The ABTS method yielded the lowest results in 
terms of determining the antioxidant capacity of the green 
coffee beans, and the % bioaccessibility ranged between 
26.37% (Central African Republic) and 45.18% (Colombia). 
In general, the Arabica coffee beans (average 34.7%) were 
observed to have higher % bioaccessibility values than the 
Robusta coffee beans (average 30.77%).

The average bioaccessibility of the roasted coffee beans 
and their total phenol content and antioxidant capacity 
according to the ABTS, CUPRAC, FRAP methods were 
determined to be 41.44%, 62.56%, 44.76%, and 31.81%, 
respectively. The bioaccessibility of the total phenol con-
tent of the roasted coffee beans ranged from 35.76% (Costa 
Rica) to 47.92% (Colombia). The average bioaccessibility 
of the total phenol content of the Arabica coffee beans was 
41.86%, while that of the Robusta coffee beans was found to 
be 40.47%. Among the Arabica species, the % bioaccessibil-
ity of the total phenol content was determined to be the high-
est in those grown in Colombia (47.92%), followed by those 
grown in Brazil’s Rio Minas region (47.72%) and those 
grown in Ethiopia (43.02%). The lowest % bioaccessibility 
of the total phenol content was found in the coffee beans 

grown in Costa Rica with 35.76%. When evaluated accord-
ing to the Robusta species, the bioaccessibility of the total 
phenol content was ranked from the highest to the lowest 
as Indonesia (41.89%), Central African Republic (41.37%), 
and India (38.17%), respectively. The difference between the 
two species of coffee was statistically significant (p < 0.05).

The % bioaccessibility of the antioxidant capacities of the 
roasted coffee beans ranked as ABTS > CUPRAC > FRAP 
from high to low in terms of applied methods. According 
to the % bioaccessibility results determined by using the 
ABTS method, it was determined that the highest % bioac-
cessibility was in those grown in Kenya (83.81%), whereas 
the lowest was in those grown in the Central African Repub-
lic (45.83%). In general, the Arabica coffee beans (average 
63.48%) were found to have higher % bioaccessibility values 
than the Robusta coffee beans (average 60.42%). According 
to the CUPRAC method, the highest % bioaccessibility was 
determined in those grown in the Santos region of Brazil 
with 51.79%, whereas the lowest was found in the coffee 
beans grown in Costa Rica with 36.07% (Fig. 3b). The aver-
age bioaccessibility of the Arabica coffee beans was 44.37%, 
while it was 45.66% for Robusta. According to the % bioac-
cessibility results determined using the FRAP method, the 
Robusta species varied between 27.39 and 34.39% (average 
30.83%), and the Arabica species varied between 21.22 and 
37.51% (average 32.22%).

In general, considering the green and roasted coffees in 
terms of antioxidative properties, it was determined that 
the % bioaccessibility values of the antioxidative properties 
of the green coffee beans were higher in all other methods 
except the results obtained by the ABTS method and that 
there was a statistically significant difference at (p < 0.05) 
level. When evaluated in terms of coffee species, although 
the antioxidative contents of both green and roasted coffees 
were found to be high in the Robusta coffee beans in general, 
a reverse situation was seen in terms of bioaccessibility. In 
other words, the % bioaccessibility of the Arabica coffee 
beans was determined to be higher. Among the antioxidant 
capacity methods, it was determined that the CUPRAC 
method yielded the highest results in general, followed by 
the ABTS method.

The average bioaccessibility of the total phenol content of 
the coffee silverskin and its antioxidant capacities according 
to the ABTS, CUPRAC, FRAP methods were determined 
to be 39.18%, 57.09%, 21.60%, and 37.28%, respectively 
(Fig. 3c). The total phenol content of the roasted coffee 
beans ranged from 33.12% (Kenya-A) to 45.74% (Ethiopia-
A). The average bioaccessibility of the total phenol content 
of the Arabica coffee beans was 38.92%, while that of the 
Robusta coffee beans was 39.78%. The highest TPC in the 
Robusta coffee beans with 43.24% was detected in the silver-
skin of the coffee beans grown in the India region. Accord-
ing to the % bioaccessibility results determined using the 
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ABTS method, the Robusta species varied between 43.85 
and 63.71% (average 52.68%) and the Arabica species 
between 47.73 and 69.15% (average 58.98%). According to 
the % bioaccessibility results determined using the CUPRAC 
method, the Robusta species varied between 18.65 and 
26.91% (average 22.42%) and the Arabica species between 
18.12 and 27.66% (average 21.25%). According to the % bio-
accessibility results determined using the FRAP method, the 
Robusta species varied between 36.45 and 39.30% (average 
37.92%) and the Arabica species between 31.09 and 44.32% 
(average 37.01%). According to the CUPRAC and FRAP 
methods, the difference between the average results of the 
coffee silverskin of both coffee species was statistically not 
significant (p ≥ 0.05). When an evaluation was made in terms 
of coffee species, the antioxidative content and % bioacces-
sibility values of the coffee silverskin of the Arabica coffee 
beans grown in different places were found to be higher than 
those of the Robusta coffee beans. For coffee silverskin, it 
was determined that the ABTS method yielded the highest 
results in general among the antioxidant capacity methods, 
followed by the FRAP method. Among the species of coffee 
silverskin, especially Ethiopia-A, Brazil-Rio Minas-A, Gua-
temala-A, and Indonesia-R, India-R can be used to enrich 
more nutritious and healthy food products with their high 
antioxidative properties.

When the results of the study are evaluated in general, 
the differences between the results of the FRAP, CUPRAC 
and ABTS antioxidant capacity methods are related to many 
reasons. The extraction of phenolic compounds in foods is 
affected by many factors such as the structure and composi-
tion of the food to be analyzed, particle size, and the extraction 
method to be applied. In the literature, there are many dif-
ferent methods used for the determination of the antioxidant 
capacity of foods. Considering the mechanisms, selectivity, 
sensitivity and applicability of the methods used, it is recom-
mended to compare the antioxidant capacities of foods using 
more than one method. For that reason, ABTS, CUPRAC and 
FRAP methods were used in order to determine the antioxidant 
capacity of the coffee samples [17, 19]. One of the most impor-
tant factors regarding the different results of the antioxidant 
capacity analyzes in this study is the physiological pH. FRAP 
operates in acidic conditions, CUPRAC in neutral conditions, 
and the Folin-Ciocalteu method in alkaline conditions. Since 
FRAP operates in more acidic conditions, its reducing capacity 
is suppressed due to the protonation of phenolic antioxidants. 
It is also known that the ABTS and CUPRAC methods can 
measure both hydrophilic and lipophilic antioxidants, while 
FRAP and Folin-Ciocalteu can only measure hydrophilic anti-
oxidants [19, 44, 45]. In addition, it has been reported that the 
number and position of hydroxyl groups and the degree of 
conjugation of the whole molecule are important for efficient 
electron transfer, which affects antioxidant capacity measure-
ments [46, 47]. It is thought that this result is related to the 

different kinetic behavior of the reagents used in the analysis 
methods and to the relative sensitivity of the reagents to vari-
ous parameters such as air, sunlight, pH and humidity.

For the determination of the phenolic antioxidants in 
the coffee samples used in our study, the CUPRAC method 
showed the highest antioxidant capacity (AC) results for 
the sample food matrix compared to other methods. It has 
been reported that the compounds that make up the antioxi-
dant capacity are quite diverse, and that these compounds 
include phenolic acids, caffeine, tocopherols, melanoidins, 
phenylalanines, caffeoyl-tryptophan and some other bioac-
tive compounds formed during the roasting process [48, 49]. 
In another study, it has been stated that phenolic compounds 
in coffee (caffeic acid, caffeine, and hydroxycinnamic acid), 
melanoidins, which are the products of the Maillard reac-
tion, and chlorogenic acid are important factors in terms of 
the antioxidant capacity of coffee [50]. Aguiar et al. [51] in 
their study, reported that the antioxidant effect of coffee was 
caused by caffeic acid, which is one of the phenolic acids, 
and chlorogenic acids (3-O-caffeolquinic acid (3-CQA), 
4-O-caffeolquinic acid and 5-O-caffeolquinic acid). Among 
the compounds showing the highest antioxidant capacity in 
the CUPRAC method, caffeic acid, which is one of the phe-
nolic acids that is predominantly found in coffee, has also 
been reported. [45, 52, 53]. The advantageous aspects of this 
method – the reason why the CUPRAC method is more suit-
able than other AC analysis methods – have been reported in 
the studies as follows [52–55]; (I) it can be applied to both 
hydrophilic and lipophilic antioxidants, (II) it has a selective 
effect on antioxidant compounds without affecting sugars 
and citric acid commonly found in foodstuffs, as well as hav-
ing the capacity to analyze antioxidants containing -SH (III) 
it is a simple and widely applicable method of antioxidant 
capacity for flavonoids, phenolic acids, hydroxycinnamic 
acids, thiols, synthetic antioxidants, vitamin C, and vitamin 
E. (IV) Since the CUPRAC reagent does not contain any 
radical reagents, it is not affected by physical parameters 
such as temperature, sunlight, pH, and humidity. (V) it is 
used in environments close to physiological pH (VI) the 
CUPRAC method is an effective method in order to deter-
mine the antioxidant capacity of both synthetic mixtures 
and real mixtures because the principle of additiveness of 
absorbances is valid and antioxidant components in complex 
matrices do not interact with each other in a way that shows 
chemical deviations from Beer’s Law.

Conclusion

The antioxidant properties of coffee beans are affected 
by the species of coffee as well as growing conditions, 
harvest, processing methods, and storage conditions. 
Although the total phenolic content and antioxidant 
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capacity of the coffee beans were determined to be higher 
in the Robusta coffee beans, it was determined that the 
Arabica coffee beans were higher in terms of bioacces-
sibility. It was determined that the total phenol content 
of the green coffee beans and the antioxidant capacity of 
the roasted coffee beans were higher. The results of meas-
uring the antioxidant capacity of these methods (FRAP, 
CUPRAC, ABTS) do not correspond to the results of 
phenolic content. This situation is thought to be related 
to the fact that the dominant antioxidant components of 
the different coffee bean and coffee silverskin samples 
analyzed were affected by different chemical compounds 
other than phenolic structures. In addition, the reagent 
used in the CUPRAC method is much more stable than 
chromogenic radical reagents such as ABTS. Citric acid 
and simple sugars that can be oxidized with the Folin rea-
gent are not oxidized with the CUPRAC reagent. Hydroxy-
cinnamic acids, which are concentrated in coffee, are the 
biosynthetic precursors of flavonoids. Such phenolic acids 
are usually found in plants combined with sugar, organic 
acids or oils or as esters, and an effective conversion is 
observed between them. It has been stated that the anti-
oxidant activities of phenolic acids and their esters depend 
on the number of hydroxyl groups in the molecule which 
are strengthened by steric hindrance. The Folin method, 
which is an electron-transfer (ET)-based method operates 
at unrealistic pH, away from physiological pH; therefore, 
there may be cases of underestimating or overestimating 
the total capacity. It has been reported that since most 
antioxidants are protonated at acidic pHs, their oxida-
tion is difficult, and that since antioxidants donate their 
protons, oxidation becomes extremely easy at basic pH. 
Therefore, the mechanisms, sensitive compounds, selec-
tivities and operating conditions of the Folin-Ciocalteu 
method used to determine the total phenolics content and 
the methods used to determine the antioxidant capacity 
(FRAP, CUPRAC, ABTS) are completely different from 
each other. For that reason, although the total phenolic 
content is a guide for antioxidant capacity, they cannot be 
considered to support each other completely. It was found 
out that the most appropriate method among the antioxi-
dant capacity methods used was the CUPRAC method, 
followed by the ABTS method. As a result, coffee species 
belonging to different geographical regions are thought 
to have the potential to provide many benefits to human 
health due to their high total phenol contents, antioxidant 
capacity, and high bioaccessibility. With their high anti-
oxidative properties, green and roasted coffee beans and 
their coffee silverskin can be recommended for daily cof-
fee consumption and the development of functional foods.
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