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Abstract: We evaluated the differences in total polyphenol content (TPC) of beverages prepared by three methods (Hario 
V60, espresso and pour-over coffee) using single-origin beans roasted at four temperatures. The beans were roasted based 
on the degree of roasting: the lightest roasting had a final temperature of 204 °C (first roasting), a slightly darker roasting 
had a final temperature of 205 °C (second roasting), a dark roasting had a final temperature of 215 °C (third roasting) and 
the darkest roasting had a final temperature of 220 °C (fourth roasting). TPC in the beverage was highest for the Hario 
V60 for all temperatures, ranging from 32.0 to 46.8 mg GAE g–1 (gallic acid equivalent per 1 g of ground beans). The third 
roasting had the highest TPC, ranging from 34.6 to 46.8 mg GAE g–1 for all methods of preparation, whereas the content 
for the fourth roasting ranged from 28.6 to 32.3 mg GAE g–1. Our results indicated that the differences in TPC in the bev-
erage depended on the preparation method (P < 0.001) and the degree of roasting (P < 0.001). The most nutritional coffee 
was prepared using the Hario V60 with the third roasting.
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The consumption or supplementation of  polyphe-
nols plays an important role in health by regulating me-
tabolism, weight, chronic disease, and cell proliferation 
(Cory et al. 2018). The study of humans and some ani-
mals found that the antioxidant and anti-inflammatory 
properties of  polyphenols could potentially prevent 
or   treat many non-communicable diseases (Pérez-Ji-
ménez et al. 2010). Various bioactive compounds such 
as phenolic acids (e.g. chlorogenic, caffeic, ferulic and 
p-coumaric acid) and especially polyphenols have been 
isolated from coffee beverages or coffee beans (Clif-
ford et al. 2006; Jaiswal et al. 2010). Coffee beverages 
are the  most popular commodities with antioxidant 
properties, but their antioxidant activities depend 
on the  roasting of  the  beans, which affects the  taste 
and aroma of  the  beverage (del Castillo  et  al. 2002). 
The  beans are exposed to  high temperatures during 
roasting, and chemical reactions between amino ac-
ids and reduced sugars lead to the formation of Mail-
lard reaction products (Tamanna & Mahmood 2015). 
These products affect the organoleptic and antioxidant 

properties of  the  beverage. During roasting, prod-
ucts of  the  Maillard reaction become dominant anti-
oxidant species (Liu & Kitts 2011), which may double 
the  total antioxidant capacity (TAC) at  darker roasts 
if TAC is measured by  ABTS [2,2’-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid)] or ORAC (oxygen 
radical absorbance capacity) assay (Opitz  et  al. 2014; 
Catelani  et  al. 2017). In  particular, at  the  beginning 
of the roast, TAC increases from any assay or remains 
constant at least. During roasting the total antioxidant 
capacity of Robusta coffee decreases to about one half 
of  the  original level in  the  initial stages of  roasting 
(Votavová  et  al. 2009). The  total polyphenol content 
(TPC) depends on the degree of roast (Cotter & Hop-
fer 2018; Fikry et al. 2019).

The coffee plant belongs to  the  family Rubiaceae. 
Coffee beans contain a mixture of chemical substances 
that  perform very important functions in  the  bever-
age. The antioxidant and anti-inflammatory effects re-
sponsible for the association between coffee consump-
tion and lower incidence of various degenerative and 
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non-degenerative diseases are mainly due to chloro-
genic acids (Farah & de Paula Lima 2019). The anti-
oxidant properties are maintained or increased dur-
ing moderate roasting due to the release of phenolic 
compounds (Cämmerer & Kroh 2006; Sacchetti et al. 
2009). The  roasting temperature can influence 
the amount of TPC in the beverage (Hecimovic et al. 
2011) by  the degradation of chlorogenic acid, which 
decreases the  amounts of  malic and citric acid and 
affects the amount of quinic acid (Ginz et  al. 2000). 
The  amount of  quinic acid in  dark-roasted beans is 
very low, so the  beverage loses some of  its antioxi-
dant and anti-inflammatory effects (Farah & de Pau-
la Lima 2019). The  degradation of  chlorogenic acid 
can also produce chlorogenic acid lactones, which 
give the beverage its bitter taste (Kaiser et al. 2013). 
In addition, the pH of coffee depends on the strength 
of the acids (Flambeau & Yoon 2018).

Polyphenol content in  the  beverage can depend 
on the  degree of  roasting and the  origin and stor-
age of  the beans (Dybkowska et al. 2017; Król et al. 
2020). Beans from multiple locations are usually 
roasted and mixed as a blend. Our experiment, how-
ever, used only beans harvested from the same farm 
within a  single geographic origin. We hypothesized 
that  the  polyphenol content in  the  final beverage 
would be influenced by  both the  roasting tempera-
ture and the method of preparation. The aim of this 
study was therefore to  evaluate differences in  TPC 
in beverages prepared from single-origin beans using 
three methods of  preparation (Hario V60, espresso 
and pour-over coffee) and roasted at four final tem-
peratures (204, 205, 215, and 220 °C).

MATERIAL AND METHODS

Coffee samples. Samples of  Ethiopia Bokasso Lot 5 
coffee beans (100% Arabica) processed using the washed 
method (Diamonds Roastery, Dunajská Lužná, Slova-
kia) were used in  our experiment. These beans were 
from Sidamo Province in  the  Ethiopian highlands 
at  elevations of  1  500–2  200  m above the  sea level. 
The  beans were harvested in  February  2017. Coffee 
is grown near settlements in small quantities of 1 000 
to 1 800 plants per hectare. These garden coffee sys-
tems are widely practised in Bokasso. Most of the cof-
fee plants were treated with organic nutrients. Fresh 
hand-picked cherries were sorted before the pulp was 
removed and the  application of  a  wet treatment fol-
lowed. The cherries were washed, naturally fermented, 
and dried to about 11.5% moisture while ensuring uni-

form drying. The dried material was stored until deliv-
ery to the central market in Addis Ababa.

Roasting. The  roasting of  the  beans was based on 
the  degree of  roasting: the  lightest roast was at  a  fi-
nal temperature of  204  °C for  9  min (first roasting), 
a  slightly darker roast was at  a  final temperature 
of 205 °C for 10 min (second roasting), a dark roast was 
at a final temperature of 215 °C for 13 min (third roast-
ing) and the  darkest roast was at  a  final temperature 
of  220  °C for  16  min (fourth roasting). Coffee batch 
size of 4 kg was roasted on a Probatone 12 commercial 
gas  roaster (Probat, Emmerich am Rhein, Germany). 
The temperature was raised with time and it depended 
on the  gas  provided. The  temperature was measured 
with a probe inside the roaster drum.

Grinding. The  beans were ground in  a  Hario  mini 
Mill Slim hand coffee grinder (Hario, Koga-Ibaraki, Ja-
pan). For  Hario V60 we used the  medium grind size 
with a  final time of  2  min and 30  sec. For  espresso, 
the fine grind size with extraction of 30 sec was used. 
The coarse grind size and extraction time of 9 min was 
used for the pour-over method.

Preparation methods. Three methods of  beverage 
preparation were used: Hario V60, espresso, and pour-
over coffee. For the Hario V60 method, Hario V01 filter 
paper (Hario, Koga-Ibaraki, Japan) was placed in  a  ce-
ramic dripper and rinsed with hot water. Freshly ground 
beans (10 g) were added to the dripper and water at a tem-
perature of 92  °C was poured over them. An  initial in-
fusion of 20 mL of distilled water (blooming) was used 
to start the release of CO2 from the ground beans. More 
water up to  150 mL was gradually added after 30  sec. 
For  the  espresso method, freshly ground beans (10  g) 
were brewed in an espresso machine (De´longhi, Trev-
iso, Italy) with the final volume of 30 mL. For the pour-
over method, freshly ground beans (10 g) were weighed 
into a beaker and 150 mL of boiling distilled water were 
poured over them. After 9 min, the sample was filtered 
through a Falten paper filter 18.5 cm in diameter (North-
west Scientific, Inc., Billings, USA). Cooled samples from 
all three methods were transferred to volumetric flasks 
and diluted to  final volumes of  150 mL with distilled 
water. Five replicates of all three brewing methods were 
prepared for each roast.

Chemical analysis and measurements. TPC in  the 
beverages was determined spectrophotometrically us-
ing Folin-Ciocalteau colorimetry (Blainski et al. 2013). 
We used a stock solution of gallic acid as a standard, 
prepared by dissolving 0.5 g of dry gallic acid in 10 mL 
of 96% ethanol and then diluted to 100 mL with distilled 
water. Briefly, 1 mL of 10% Folin-Ciocalteau reagent was 
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added to 0.2 mL of sample, which was previously diluted 
to the appropriate concentration. The solution was kept 
in the dark for 5 min, and then 1 mL of a sodium carbon-
ate solution (7.5% w/v) was added. This mixture was in-
cubated in the dark for 60 min, and the absorbance was 
then measured at 765 nm using a UV-VIS spectropho-
tometer (UV-2550, Shimadzu, Kyoto, Japan) and com-
pared with a gallic acid calibration curve. The results are 
expressed as milligrams of gallic acid equivalent (GAE) 
per g of dried sample. The pH of the samples was mea-
sured at room temperature (20–22 °C) using a pH meter 
(InoLab pH Level 1, Weilheim, Germany). 

Statistical analysis. The  data were analysed using 
GraphPad Prism version 8.3.0  (538) 2019 (GraphPad 
Software, Inc., San Diego, USA) by a two-way ANOVA 
(mixed model) with multiple t-tests using the  Bon-
ferroni-Dunn method. The  model included effects 
for  the  preparation method (M), roasting tempera-
ture (R), and their interaction (M × R). The effects were 
determined to be significant at P < 0.05.

RESULTS AND DISCUSSION

The content of  total polyphenols in the coffee bever-
ages was significantly influenced by  both the  prepara-
tion method and the  roasting temperature (P  <  0.001, 
Figure  1). The  polyphenol content of  coffee decreases 
considerably as  the  degree of  roasting increases (Sac-
chetti et al. 2009; Dybkowska et al. 2017; Król et al. 2020). 
Lightly roasted coffee has the best phenolic content and 
radical-scavenging activity (Somporn et al. 2011). Limit-
ed information is available in the literature on the direct 

comparison of roasting temperatures. Król et al. (2020) 
used the light roasting temperatures of 170–200 °C, mod-
erate roasting of 200–220 °C and dark roasting of 220–
240 °C. In contrast, we used four levels of roasting (i.e. fi-
nal temperatures of  204, 205, 215, and 220  °C) which 
can be characterised by  different colours of  the  coffee 
beans (i.e., light brown, medium brown, brown, and rich 
dark colour). The third roasting (215 °C) had the high-
est TPC, ranging from 34.6 to 46.8 mg GAE g–1 for all 
preparation methods. The content of total polyphenols 
for  moderately roasted coffee (100% Arabica) ranges 
from 34.06 to  38.43  mg GAE  g–1 (Dybkowska  et  al. 
2017), similar to our results. The content of total poly-
phenols in the beverages in our study was highest using 
the  Hario V60 method for  all roasting temperatures, 
ranging from 32.0 to 46.8 mg GAE g–1. The content of to-
tal polyphenols in  the beverages differed significantly 
between the methods (P < 0.05), except for the fourth 
roasting using the Hario V60 and pour-over methods 
(P > 0.05). The content of total polyphenols depended 
on methods and was lowest for the pour-over method. 
This was also confirmed by  Janda  et  al. (2020), who 
described that  the  content of  polyphenols in  coffee 
depends on the coffee extraction method and ranged 
from 133.90 g to 191.29 g of gallic acid L–1.

The pH of  the beverages did not differ significantly 
between the three preparation methods (P > 0.05), but 
the  pH was significantly influenced by  the  roasting 
temperature (P < 0.001, Table 1). The pHs of the bev-
erages prepared from the  first and second roasting 
were comparable, ranging from 4.96 to 5.13, consistent 
with the pHs of lightly roasted coffees from Brazil and 

Figure 1. Total polyphenol content in the coffee beverages for the three preparation methods and four roasting tem-
peratures (P < 0.001)
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Ethiopia, which ranged from 4.85 to 5.10 (Rao & Full-
er 2018). The  samples from the  third roasting in  our 
study were less acidic, with a pH of 5.27–5.31, where-
as the samples from the fourth roasting were the least 
acidic, with a pH of 5.57–5.62. These differences in pH 
were probably due to  the presence of  isomers of caf-
feoylquinic acid (CQA), lower concentrations of which 
are correlated with higher pHs (Rao &  Fuller 2018). 
In addition to CQA, quinic acid and aliphatic organic 
acids such as acetic, citric, lactic, and malic acids are 
responsible for coffee acidity and are degraded during 
roasting (Wei et al. 2012). The measurement of total ti-
tratable acidity of the beverage to pHs of 6 and 8 could 
be useful because it is probably better correlated with 
sourness than is pH (Bähre &  Maier 1996). Recent 
data reported by Rao & Fuller (2018) indicated a weak 
correlation between pH and titratable acidity titrated 
to  pHs of  6  and  8. Neither pH nor titratable acid-
ity, however, were correlated with the sensory aspect 
of acidity in a comparative study of nine of the most 
common extraction methods for  preparing coffee 
beverages (Gloess et al. 2013). An optimal pH of cof-
fee extraction, however, is very important for obtain-
ing more undissociated acids, which are responsible 
for  the  higher antioxidant activities of  polyphenols 
in the beverage (Rao & Fuller 2018).

Polyphenol content and antioxidant activity depend 
on methods used and also on the  region of cultivation 
(Sacchetti et al. 2009; Dybkowska et al. 2017). Antioxi-
dant activity depends on the balance between the  for-
mation and degradation of compounds during roasting. 
The  presence of  melanoidins in  the  final product par-
tially compensates the loss of phenolic compounds with 
roasting, however both phenolic compounds and mela-
noidins contribute to the antioxidant activity of roasted 
coffee (Vignoli et al. 2011, 2014). Mainly biological activ-
ities, such as antioxidant, antimicrobial, anticarcinogen-
ic, anti-inflammatory, antihypertensive, and antiglyca-
tive activities, have been attributed to coffee melanoidins 
(Moreira et al. 2012).

CONCLUSION

This study describes the  influence of  the  method 
of  coffee preparation and the  temperature of  roast-
ing on the content of total polyphenols in coffee bev-
erages based on single-origin coffee. The  differences 
in  the  content of  total polyphenols in  the  beverages 
depended on both the preparation method and the de-
gree of roasting. The most nutritional beverages were 
prepared using the Hario V60 method with the  third 
roasting at a final temperature of 215 °C.
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