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ABSTRACT 
Water used in coffee preparation has essential importance on coffee flavour. In this study, it was aimed to 
determine effect of water (soft, medium hard and hard) on volatile compounds and sensory properties of 
Turkish coffee. It was revealed that number of volatile compounds of Turkish coffee prepared with medium 
hard water higher than Turkish coffee prepared with soft and hard water. Medium hard water used Turkish 
coffee contain 30 volatile compounds from aldehyde (2), furan (13), furanone (1), ketone (2), pyrazine (7), 
pyridine (1), pyrrole (3), and thiophene (1) class. The sweetness and sourness of soft water used Turkish 
coffee samples were high. Roasted coffee and roasted hazelnut characteristics were perceived intensely in 
medium hard water used Turkish coffee samples. While bitterness was perceived intensely in hard water 
used Turkish coffee samples; the intensity of roasted coffee, roasted hazelnut, roasted almond, spicy, citrus, 
sweet, and sour characteristics were low. 
Keywords: water hardness, Turkish coffee, sensory property, volatile compound 
 

SU SERTLİĞİNİN TÜRK KAHVESİNİN UÇUCU BİLEŞENLERİNE VE 
DUYUSAL ÖZELLİKLERİNE ETKİSİ 

 

ÖZ 

Kahve hazırlamada kullanılan su, kahvenin lezzetinde büyük önem taşımaktadır. Bu çalışmada, suyun 
(yumuşak, orta sert ve sert) Türk kahvesinin uçucu bileşenleri ve duyusal özellikleri üzerindeki 
etkisinin belirlenmesi amaçlanmıştır. Orta sertlikte suyla hazırlanan Türk kahvesinin uçucu bileşen 
sayısının yumuşak ve sert su ile hazırlanan Türk kahvesine göre daha fazla olduğu belirlenmiştir. Orta 
sertlikte kullanılan Türk kahvesi, aldehit (2), furan (13), furanon (1), keton (2), pirazin (7), piridin (1), 
pirol (3) ve tiyofen (1) grubundan 30 uçucu bileşen içermektedir. Yumuşak su kullanılan Türk kahvesi 
örneklerinin tatlılığı ve ekşiliği daha fazla algılanırken, orta sertlikte su kullanılan Türk kahvesi 
örneklerinde kavrulmuş kahve ve kavrulmuş fındık karakterleri yoğun bir şekilde algılanmıştır. Sert 
su kullanılan Türk kahvesi örneklerinde acılık yoğun hissedilirken, kavrulmuş kahve, kavrulmuş 
fındık, kavrulmuş badem, baharatlı, narenciye, tatlı ve ekşi karakterler daha az algılanmıştır.  
Anahtar kelimeler: Su sertliği, Türk kahvesi, duyusal özellik, uçucu bileşen  
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INTRODUCTION 
The flavour of coffee is one of the important 
factors for determining coffee quality and 
acceptance by consumers (Jelen, 2012). Coffee 
processing and brewing parameters directly affect 
coffee flavour, quality, and acceptance. Coffee 
flavour changes due to some specific brewing 
parameters namely, extraction time, water quality, 
temperature, pressure, particle size and 
coffee/water ratio (Moroney et al., 2015) 
 

Water is one of the important components of 
coffee brew that comes after roasted coffee. 
Water type used in coffee brewing influences 
dissolution and extraction of coffee compounds 
from coffee brew (Hendon et al., 2014). On the 
other hand, in many coffee studies the quality of 
the water used in coffee brew preparation is 
ignored. It was stated by Specialty Coffee 
Association of America (SCAA) that the quality 
of the water used in coffee preparation should be 
considered. The total dissolved solids (TDS) in 
the water to be used to brew a good quality coffee 
is specified by the SCAA. (SCAA, 2009). 
 

Coffee brewing method changes depending on 
geographic, cultural differences and individual 
likes, also habits. One of the coffee brewing 
methods was Turkish coffee brewing prepared 
according to decoction method. Turkish coffee 
brewing method involves boiling of water and 
roasted, fine ground coffee (Petracco, 2001; 
Hameed et al., 2018; Cordoba et al., 2020). 
Turkish coffee is consumed in Middle East, 
North Africa, Caucasus, Balkans, and Eastern 
Europe (Küçükkömürler and Özgen, 2009). 
Kıvançlı and Elmacı (2016), Amanpour and Selli 
(2016), Elmacı and Gok (2020), Ayseli et al. 
(2021), and Akgün et al. (2021) conducted studies 
on volatile compound and sensory properties of 
Turkish coffee. L-asparaginase treatment on 
Turkish coffee volatiles were determied. Kıvançlı 
and Elmacı (2016) investigated effect of roasting 
conditions on volatile compounds and sensory 
properties of Turkish coffee. Amanpour and Selli 
(2016) compared the volatile profile of Turkish 
coffee and French press coffee. Ayseli et al. (2021) 
determined aroma active compound of Turkish 

coffee brewed from medium and dark roasted 
coffee.  
 
In the previous studies the effect of water type on 
coffee quality was evaluated (Gardner et al., 1958; 
Pangborn ve ark., 1982; Navarini and Rivetti, 
2010; Hendon et al., 2014; Fibrianto et al., 2018; 
Dadalı and Elmacı, 2021). On the other hand, the 
effect of water hardness on Turkish coffee has 
not been investigated yet. The aim of this study 
was to determine the influence of water having 
different hardness values on volatile compounds 
and sensory properties of Turkish coffee. 
 

MATERIALS AND METHODS 
Materials 
Medium roasted, fine ground Arabica coffee 
(Coffea arabica L.) (Black Ivory) was used for 
Turkish coffee preparation. Turkish coffee 
samples were prepared with bottled water 
(Nestle), purified water, medium hard mains 
water, and hard mains water. 
Divinylbenzene/Carboxen/Polydimethylsiloxane 
(DVB/CAR/PDMS) fiber and C7-C30 alkane 
mixture were obtained from Supelco. 
 

Methods 
Turkish coffee preparation 
Turkish coffee samples were prepared with 
automatic Turkish coffee brewing machine 
(Arçelik). A total of 5 g roasted ground coffee and 
65 ml of bottled water (Nestle), purified water, 
medium hard mains water, and hard mains water 
used for Turkish coffee preparation. 
 

Water hardness determination 
The hardness value of water samples was 
determined according to 973.52 numbered 
EDTA titrimetric method (AOAC, 1990). Total 
dissolved solids (TDS) of water samples were also 
determined by TDS meter (TDS-3). 
 
Head space-solid phase microextraction 
(HS-SPME) 
Volatile compounds of Turkish coffee prepared 
with water having different hardness values was 
extracted by HS-SPME. The extraction was 
implemented by using 50/30 µm 
DVB/CAR/PDMS fiber.  For volatile compound 
analysis, 20 ml of Turkish coffee sample was used. 
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The prepared coffee was placed in a 40 ml vial and 
sealed with a PTFE coated silicon septum. The 
vial was placed on the block heater at 60°C and 
the fiber was held in the headspace of the vial for 
30 minutes. The desorption of volatile 
compounds adsorbed on the fiber was achieved 
using Gas Chromatography-Mass Spectrometry 
(GC-MS) (Dadalı and Elmacı, 2021).  
 
GC-MS analysis 
The volatile compound analysis was implemented 
using GC-MS (HP 6980 GC/HP-5973MS, 
Agilent Technologies). Temperature of injection 
port was 250°C. A DB-WAX (60 m x 0.25 mm, 
0.50 μm film thickness, Agilent Technologies) 
capillary column was utilized for GC-MS analysis. 
The oven temperature program started at 50°C 
and was hold at 50°C for 2 minutes. The 
temperature was increased from 50°C to 90°C 
with an increase of 5°C/min and from 90°C to 
220°C with an increase of 2°C/min and kept at 
220°C for 10 minutes. Helium was used as carrier 
gas and the flow rate was 1.6 ml/dk (Akiyama ve 
ark., 2008). Identification of volatile compounds 

were performed by WILEY and NIST libraries 
and Kovats index of volatile compounds was 
determined using C7-C30 alkane mixture. 
 
Sensory analysis 
The sensory evaluation of Turkish coffees 
prepared using water having different hardness 
values was carried out according to descriptive 
sensory analysis method (Altuğ Onoğur and 
Elmacı, 2015). Sensory analysis was carried out 
with the participation of 8 trained assessors aged 
between 21-57. The assessors were trained in 
eight sessions which continued 45 minutes. 
Descriptive sensory characteristics of Turkish 
coffee were developed during training panels. 
Turkish coffee samples were served in white 
porcelain cups. Eighty ml of prepared Turkish 
coffee samples were presented to each panellist at 
65°C. The sensory characteristics and references 
used in the sensory evaluation of Turkish coffee 
samples are given in Table 1. The intensity of 
sensory attributes was evaluated using 0-50 mm 
graphical scale during sensory evaluation.  

  

Table 1. Sensory characteristics and references used in sensory evaluation of Turkish coffee 

Sensory characteristics Reference 

Roasted coffee Roasted coffee 
Roasted hazelnut Roasted hazelnut 
Roasted almond Roasted almond 
Vegetable Raw mushroom 
Spicy Nutmeg 
Earthy Earth 
Citrus Orange 
Sweet Sucrose solution (1.00%) 
Sour Citric acid solution (0.15%) 
Bitter Caffeine solution (0.02%) 

 

Statistical analysis 
Statistical evaluation of water and Turkish coffee 
samples was performed by SPSS 20.0 package 
program. Statistical differences of analysis results 
were determined using ANOVA (Analysis of 
Variance) and Duncan multiple range test. Cluster 
analysis and principal component analysis (PCA) 
were applied to volatile compound and sensory 
analysis results. Cluster analysis and PCA were 
implemented using XLSTAT 2021. 
 
 

RESULTS AND DISCUSSION 
Water hardness 
The hardness values of water samples are shown 
in Table 2.  There was a significant difference 
among hardness values of water samples and also 
TDS values of water samples (p<0.05). While 
purified water had the lowest hardness and TDS 
values, the hardness and TDS values of the mains 
water samples were higher at statistically 
significant level (P <0.05). Also, the hardness and 
TDS value of bottled water were determined 
lower than mains water samples (P <0.05). 
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Table 2. Hardness and TDS values of water samples1 

Water sample Hardness value (mg/L CaCO3) TDS value (mg/L TDS) 

Soft water (purified) 13.65±0.66a 32.33±0.47a 

Soft water (bottled) 25.13±1.80b 51.17±1.43b 

Medium hard water (mains) 79.81±2.05c 161.33±1.25c 

Hard water (mains) 166.38±3.70d 465.67±2.49d 
1 : Analysis results were expressed as mean±standart deviation. The values with same letters within the same column 
are statistically similar (P >0.05)  

 
Volatile compounds 
Volatile compounds determined in Turkish coffee 
brew prepared with soft, medium, and hard water 
are shown in Table 3. Volatile compounds from 
the aldehyde, furan, furanone, ketone, pyrazine, 
pyridine, pyrrole and thiophene groups were 
detected in Turkish coffee samples. It was 
determined that the water used in the preparation 
of coffee affects the number of volatile 
compounds found in Turkish coffee. The highest 
number of volatile compounds were determined 
in Turkish coffee prepared with medium hard 
water. Turkish coffee prepared with medium hard 
water contains 30 volatile compounds, including 
2 aldehydes, 13 furans, 1 furanone, 2 ketones, 7 
pyrazine, 1 pyridine, 3 pyrrole and 1 thiophene 
group. No statistically significant difference was 
detected in the number of volatile compounds 
between Turkish coffees prepared with soft 
water. A total of 29 volatile compounds (2 

aldehydes, 12 furans, 1 furanone, 2 ketones, 7 
pyrazine, 1 pyridine, 3 pyrrole, and 1 thiophene) 
were detected in these coffee brews. Turkish 
coffee prepared with hard water contained the 
least number of volatile compounds was (27 
volatile compounds) namely; 2 aldehydes, 12 
furans, 1 furanone, 1 ketone, 7 pyrazine, 1 
pyridine, 2 pyrrole and 1 thiophene. In agreement 
with this study Dadalı and Elmacı (2021) 
determined highest number of volatile 
compounds in filter coffee prepared with medium 
hard water. On the other hand, the number of 
volatile compounds determined in this study was 
less than the number of volatile compounds 
determined by Ayseli et al. (2021) and Akgün et 
al. (2021). The coffee beans used in the different 
studies were obtained from different sources and 
this might have caused the differentiation in the 
number of volatile compounds detected. 

  

Table 3. The area percentage of volatile compounds of Turkish coffee samples prepared with waters 
having different hardness values1 

Kovats 
index 

Volatile compound 
Soft water 
(purified) 

Soft water 
(bottled) 

Medium hard 
water (mains) 

Hard water 
(mains) 

 Aldehyde     
927 2-Methylbutanal 1.05±0.03c 0.96±0.03bc 0.83±0.06ab 0.76±0.02a 
1557 Benzaldehyde 0.65±0.08a 0.64±0.02a 0.68±0.03a 0.58±0.00a 
 Total 1.70±0.05c 1.60±0.05bc 1.51±0.02b 1.34±0.02a 
 Furan and furanone     
878 2-Methylfuran 0.64±0.02c 0.50±0.03b 0.42±0.04ab 0.36±0.00a 
943 2,5-Dimethylfuran 0.22±0.03a 0.18±0.01a 0.25±0.04a - 
1075 2-Vinylfuran 0.30±0.02b 0.24±0.01ab 0.20±0.02a 0.19±0.00a 
1149 2-Vinyl-5-methylfuran  - - 0.20±0.03 - 
1247 2- (Methoxymethyl) furan 0.34±0.02a 0.33±0.01a 0.35±0.03a 0.31±0.01a 
1493 2-Furancarboxaldehyde 25.56±1.21a 25.52±0.02a 24.21±1.47a 25.86±0.32a 
1520 Furfuryl formate 0.47±0.04a 0.46±0.02a 0.42±0.01a 0.40±0.01a 
1542 1-(2-Furanyl)ethanone 4.00±0.03a 4.02±0.03a 3.97±0.12a 4.21±0.03a 

1562 2-Furanmethanol acetate 14.90±0.33a 14.75±0.19a 14.26±0.22a 14.35±0.04a 
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Table 3. continue 

Kovats 
index 

Volatile compound 
Soft water 
(purified) 

Soft water 
(bottled) 

Medium hard 
water (mains) 

Hard water 
(mains) 

1610 
5-Methyl-2-furan 
carboxaldehyde 

22.12±1.27a 22.26±0.12a 22.71±1.02a 22.76±0.27a 

1623 2,2'-Bifuran 0.63±0.15a 0.59±0.06a 0.55±0.07a 0.59±0.08a 
1632 2,2'-methylenebisfuran 0.62±0.11a 0.57±0.03a 0.64±0.10a 0.56±0.05a 
1693 2-Furanmethanol 6.27±0.60a 6.30±0.29a 6.50±0.27a 6.57±0.08a 

1270 
Dihydro-2-methyl-3(2H)-
furanone 

0.27±0.03a 0.26±0.00a 0.29±0.02a 0.27±0.01a 

 Total 76.35±0.07a 75.97±0.12a 75.00±0.94a 76.44±0.05a 
 Ketone     
1050 2,3-Pentanedione 0.69±0.08a 0.65±0.01a 0.58±0.10a 0.60±0.02a 
1083 5-Methyl-3-hexanone 0.25±0.01a 0.24±0.01a 0.21±0.04a - 
 Total 0.94±0.09a 0.89±0.02a 0.79±0.14a 0.60±0.02a 
 Pyrazine     
1302 Methylpyrazine 3.28±0.34a 3.13±0.05a 3.04±0.16a 3.43±0.01a 
1358 2,5-Dimethylpyrazine 1.78±0.02a 1.83±0.03a 1.81±0.06a 1.90±0.00a 
1372 Ethylpyrazine  2.14±0.23a 2.33±0.07a 2.86±0.30a 2.39±0.09a 
1421 2-Ethyl-6-methylpyrazine 2.48±0.12a 2.54±0.08a 2.74±0.07a 2.61±0.01a 
1429 2-Ethyl-5-methylpyrazine 2.09±0.14a 2.13±0.02a 2.30±0.14a 2.11±0.01a 
1440 2-Ethyl-3-methylpyrazine 0.64±0.00a 0.61±0.00a 0.71±0.02a 0.62±0.01a 

1478 
3- Ethyl-2,5-
dimethylpirazine           

1.39±0.18a 1.43±0.02a 1.66±0.23a 1.45±0.06a 

 Total 13.80±0.12a 14.00±0.25a 15.13±0.53a 14.50±0.04a 
 Pyridine     
1221 Pyridine 0.10±0.01a 0.11±0.01a 0.14±0.02a 0.19±0.02a 
 Total 0.10±0.01a 0.11±0.01a 0.14±0.02a 0.19±0.02a 
 Pyrrole     
1134 1-Methyl-1H-pyrrole 0.18±0.02a 0.20±0.05a 0.15±0.03a - 

1665 
1-Methyl-1H-pyrrole-2-
carboxaldehyde 

1.64±0.04a 1.64±0.02a 1.78±0.08a 1.65±0.02a 

1869 N-furfuryl pyrrole 1.66±0.18a 1.93±0.09a 2.03±0.22a 1.71±0.06a 
 Total 3.49±0.20a 3.77±0.12a 3.96±0.28a 3.36±0.08a 
 Thiophene     
1743 3-Ethyl-2-formylthiophene            1.22±0.20a 1.27±0.05a 1.38±0.13a 1.23±0.08a 
 Total 1.22±0.20a 1.27±0.05a 1.38±0.13a 1.23±0.08a 
 Unknown     
1533 Unknown 0.84±0.13a 0.63±0.16a 0.47±0.02a 0.83±0.08a 
1550 Unknown 0.67±0.02a 0.69±0.01a 0.69±0.00a 0.70±0.00a 
1679 Unknown 0.23±0.07a 0.38±0.00a 0.30±0.06a 0.36±0.01a 
1684 Unknown 0.66±0.01b 0.70±0.00b 0.64±0.06b 0.46±0.04a 
 Total 2.40±0.17a 2.39±0.15a 2.10±0.14a 2.35±0.06a 

1 : Analysis results were expressed as mean±standart deviation. The values with same letters within the same column 
are statistically similar (P >0.05) 

 
It was revealed that furan compounds is the main 
volatile compounds of all Turkish coffee brews. 
On the other hand, no statistically significant 
difference was observed among the area 
percentage of furan compounds of Turkish coffee 

samples prepared with soft, medium hard and 
hard water (P >0.05). The area percentage of total 
furan and furanone compounds were 76.35%, 
75.97%, 75.00%, and 76.44% for Turkish coffee 
samples brewed with soft water (purified), soft 
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water (bottled), medium hard water and hard 
water, respectively. The water used for Turkish 
coffee brewing significantly affected area 
percentage of 2-methylfuran, 2,5-dimethylfuran, 
2-vinylfuran, and 2-vinyl-5-methylfuran (P 
<0.05). The area percentage of 2-methylfuran 
significantly decreased with increase in water 
hardness (P <0.05). While 2,5-dimethylfuran was 
not determined in Turkish coffee prepared from 
hard water, 2,5-dimethylfuran area percentage of 
Turkish coffee brews with soft water and medium 
hard was not statistically different (P >0.05). 
Turkish coffee samples brewed with medium 
hard and hard water had lower 2-vinylfuran area 
percentage than soft water Turkish coffee 
samples (P <0.05). 2-vinyl-5-methylfuran was 
identified only in Turkish coffee prepared with 
medium hard water. In accordance with this study 
Ayseli et al. (2021) observed that furan 
compounds were main volatile compounds of 
Turkish coffee. Furan compounds contribute to 
the burnt, caramel, roasted and sweet aroma of 
coffee (Bicchi et al., 2002; Flament 2002; 
Schenker et al., 2002). 
 
Volatile compounds from pyrazine group are the 
most common volatile compounds in Turkish 
coffee samples after furan group. The total area 
percentage of pyrazines changed between 
13.80%-15.13%. There was no statistically 
significant difference in area percentage of total 
pyrazines and each pyrazine compounds among 
Turkish coffee samples prepared with water 
having different hardness value. It was observed 
that water hardness value had no significant effect 
on pyrazines (P >0.05). Pyrazines are significant 
part of coffee flavour compounds generated with 
roasting due to Maillard reaction between amino 
acids and reducing sugars with α-diketones follow 
ring condensation as intermediates for 
transamination. Pyrazines are responsible from 
earthy and roasty flavour characteristics of coffee 
(Maeztu et al., 2001; Preedy, 2014; Gloess et al., 
2018). 
 
Total pyrrole content of Turkish coffee was not 
changed significantly depending on water type 
used in coffee brewing (P >0.05). On the other 
hand, 1-methyl-1H-pyrrole was not determined in 

Turkish coffee prepared with hard water. Pyrroles 
form as result of reaction of a 3-deoxyketose with 
amino compound after dehydration, ring closure. 
In coffee, pyrrole compounds contribute to 
coffee aroma notes (Mottram, 2007; Amanpour 
and Selli, 2016).  
 
From aldehyde chemical class 2-methylbutanal 
and benzaldehyde were determined in all samples. 
Turkish coffee samples prepared with soft water 
contained less 2-methylbutanal area. The area 
percentage of benzaldehyde was not changed 
depending on water hardness (P >0.05). Area 
percentage of 3-ethyl-2-formylthiophene from 
thiophene chemical class was not affected by 
water hardness significantly (P >0.05). 3-ethyl-2-
formylthiophene area percentage of Turkish 
coffee samples were between 1.22% and 1.38%. 
 
2,3-pentanedione and 5-methyl-3-hexanone, 
which were member of ketone group were volatile 
compounds determined in Turkish coffee 
samples. 2,3-pentanedione was determined in all 
Turkish coffee samples and no statistically 
significant differences was observed among the 
area percentage of 2,3-pentanedione (P >0.05). 
On the other hand, 5-methyl-3-hexanone was 
only identified in soft water and medium hard 
water used Turkish coffee samples. Ketone 
compounds in coffee contribute to fruity, butter, 
caramel, musty and mushroom-like aromas 
(López-Galilea et al. 2006). 
 
Also, pyridine area percentage was not influenced 
by water hardness used in Turkish coffee 
preparation (P >0.05). Pyridine area percentage of 
Turkish coffee samples was in 0.10%-0.19% 
range. Pyridine forms during coffee roasting 
process and higher pyridine content causes off 
flavour (Sanz et al., 2001). Pyridine gives burnt 
and smoky aromas to coffee (Flament, 2002). 
 
For ideal coffee brewing SCAA (2009) advises 
that TDS value of water use in coffee preparation 
should be 150 mg/L. Also, water having a TDS 
value higher than 250 mg/L should not be used 
in coffee preparation (SCAA, 2009). Volatile 
compound results of this study supported SCAA 
specification. Medium hard water used in this 
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study had 161.33 mg/L TDS value which was 
found to be very close to 150 mg/L. Turkish 
coffee brewed with medium hard water had the 
highest number of volatile compounds. On the 
other hand, Turkish coffee samples were 
prepared with hard water having TDS value 
higher than 250 mg/L had the least volatile 
compound. 
 
Cluster analysis was applied to volatile 
compounds of Turkish coffee samples, and two 
main groups were determined. Turkish coffee 
prepared with medium hard water formed a 
group, other Turkish coffee samples formed 
another group. Turkish coffee samples prepared 
with soft water constituted a subgroup (Figure 1). 
PCA was used for investigation of sample 
separation due to the volatile compounds. 

According to the PCA results, two main 
components that meet 92.70% of the total 
variation were determined (Figure 2). Turkish 
coffee samples prepared with bottled and purified 
soft water were separated from other samples 
with area percentage of 2-methylfuran, 2-
vinylfuran and 2,3-pentanedione. Volatile 
compounds namely; 2-vinyl-5-methylfuran, 
ethylpyrazine, 2-ethyl-5-methylpyrazine, 2-ethyl-
3-methylpyrazine, 3- ethyl-2,5-dimethylpirazine, 
1-methyl-1H-pyrrole-2-carboxaldehyde and n-
furfuryl pyrrole were effective in differentiation of 
Turkish coffee samples prepared with medium 
hard water.   Turkish coffee samples brewed using 
hard water were differentiated with 1-(2-
furanyl)ethanone, methylpyrazine, 2,5-
dimethylpyrazine and pyridine volatile 
compounds. 

  

 
Figure 1. Cluster analysis result of volatile compounds of Turkish coffee samples 
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Figure 2. PCA of volatile compounds of Turkish coffee samples 

 
Sensory analysis  
The spider web diagram of sensory analysis results 
of Turkish coffee samples prepared with soft, 
medium hard, and hard water are given in Figure 
3.  Roasted coffee, roasted hazelnut, roasted 
almond, vegetable, spicy, earthy, citrus, sweet, 
sour and bitter sensory characteristics were 
perceived in all Turkish coffee samples. Roasted 
coffee and roasted hazelnut characters were 
intensely perceived in Turkish coffee prepared 
with medium hard water (P <0.05). While the 
intensity of roasted almond character was low in 
Turkish coffee prepared with hard water (P 
<0.05), there was no statistically difference 
between Turkish coffee samples prepared with 
soft water and medium hard water (P >0.05).  The 
hardness of water did not have statistically 
significant effect on vegetable character of 

Turkish coffees (P >0.05). On the other hand, 
spicy character perceived intensely in Turkish 
coffees prepared with soft water and medium 
hard water (P <0.05). No significant difference 
was observed in earthy character of Turkish 
coffee samples (P >0.05). Intensity of citrus 
character of Turkish coffee prepared with hard 
water was lower than other Turkish coffee 
samples (P <0.05). Whereas sweetness and 
sourness were perceived intensely in Turkish 
coffee samples brewed with soft water, the 
intensity of sweetness and sourness was low in 
Turkish coffee brewed with hard water (P <0.05). 
Turkish coffee prepared with hard water was the 
most bitter, followed by Turkish coffee prepared 
with medium hard water and soft water, 
respectively (P <0.05). 
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In accordance with this study, Dadalı and Elmacı 
(2021) determined that filter coffee prepared with 
hard water was bitter than other samples, and 
filter coffee prepared with soft water were very 
sour. When hard water is used in coffee 
preparation, due to carbonate and bicarbonates, 

bitter and flat coffee brew is obtained. Moreover, 
using soft water for coffee brewing results in 
excessive sourness. Since the alkalinity of the 
water reduces the acidity of the coffee, the 
sourness of the coffees prepared with hard water 
is less (Navarini and Rivetti, 2010).  

  

 
Figure 3. Spider web diagram of sensory characteristics of Turkish coffee samples 

 
Cluster analysis was applied to sensory analysis 
results of Turkish coffee samples and two main 
groups were created. Turkish coffee samples 
brewed with hard water formed a group and 
Turkish coffee samples brewed with medium 
hard and hard water formed another group. Also, 
Turkish coffees prepared from purified and 
bottled soft water formed a subgroup (Figure 4). 
PCA was implemented to determine sensory 
characteristics that affected group forming. Biplot 
diagram of sensory characteristics of Turkish 
coffee samples is shown in Figure 5. Two main 
characters namely F1 (21.05%) and F2 (77.30%) 
explain 98.35% of total variation. Roasted coffee 
and roasted hazelnut sensory characteristics were 
effective in differentiation of Turkish coffee 
prepared with medium hard water. Turkish coffee 
samples brewed with soft water were separated 
from other Turkish coffee samples with sweet and 

sour characters. Moreover, bitter character was 
effective in grouping of Turkish coffee brewed 
with hard water. 
  
CONCLUSION 
The hardness of water used in the preparation of 
Turkish coffee affected both volatile compounds 
and sensory properties of Turkish coffee. Turkish 
coffee prepared with medium hard water had the 
highest number of volatile compounds, while 
Turkish coffee prepared with hard water had the 
least number of volatile compounds. Among the 
sensory properties, roasted coffee and roasted 
hazelnut were intensely perceived in Turkish 
coffee prepared with medium hard water, while 
the intensity of these characteristics were the 
lowest in Turkish coffee prepared with hard 
water. Turkish coffee samples did not differ in 
terms of vegetable and earthy characteristics. 
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Turkish coffee prepared with hard water came 
into prominence with excess bitterness and lower 
roasted almond, spice, citrus fruit, sweet and sour 
characteristics. In Turkish coffee prepared with 

soft water, sweet and sour characteristics were 
perceived intensely, but the intensity of sour 
character was low. 

 

 
Figure 4. Cluster analysis results of sensory characteristics of Turkish coffee samples 

 

 
Figure 5. Biplot diagram of sensory characteristics of Turkish coffee samples 
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