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The genus Coffea (Rubiaceae family) has 
over sixty different species. Three of them, 
namely, Coffea arabica L. (arabicas), C. robusta 
L.(robustas) and C. liberica L., have economical 
value [1]. C. arabica and C. robusta originate from 
the highlands of Ethiopia and from lower alti-
tudes across the Ivory Coast and Uganda, whereas 
C. liberica originates from Liberia [2].

The chemical composition of green beans 
(green coffee) depends on Coffea species [3]. 
Green coffee has a complex chemical composition 
of mono- and polysaccharides, lipids, sterols, fatty 
acids, phenolic acids, alkaloids, diterpenes, diter-
penic and triterpenic esters and ceramide [2, 4]. 
Green coffee also contains several elements such 
as potassium, magnesium, calcium and phospho-
rus. [5].

The chemical composition and biological ac-
tivity of coffee are influenced by the roasting 
process. During roasting, phenolic compounds 
partially degrade and/or form polymer compounds 
in the Maillard reactions, and caramelization of 
saccharides as well as pyrolysis of organic com-
pounds take place [6]. Coffee possesses strong 
antioxidative compounds such as chlorogenic 
acids, hydroxycinnamic acids, caffeine and mela-
noidins [7]. During roasting, particularly with the 
degradation of chlorogenic acids, the content of 
phenolic compounds in coffee decreases. There is 
also some loss in the caffeine content by sublima-
tion but most of it quantitatively transfers to the 
brew [2]. Despite the decrease of the phenolic 
content in the roasted coffee, the antioxidant ac-
tivity of coffee may remain the same or even be 
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6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxy-
lic acid (Trolox) and galanthamine hydrobromide 
from Sigma-Aldrich (St. Louis, Missouri, USA); 
2,2’-azino-bis(3-ethylbenzthiazoline-6-sul phonic 
acid) di ammonium salt (ABTS), butyrylthio-
choline iodide and caffeine from Fluka Chemie 
(Fluka Chemie, Steinheim, Germany); ammo-
nium acetate, sodium carbonate, sodium hydro-
gen phosphate and sodium dihydrogen phosphate 
from Reidel de Haen (Seelze, Germany).

Preparation of the coffee extracts
In this study, green beans and four coffee sam-

ples roasted at different degrees were used for the 
preparation of the extracts (Tab. 1). Approximate-
ly 4.5 g of coffee and 50 ml of water are used to 
prepare Turkish coffee (one cup of coffee). To de-
termine the effect of roasting degree on the total 
phenolic and flavonoid contents, antioxidant and 

improved by the Maillard reactions’ final products, 
melanoidins, which possess very high antioxidant 
activity [8].

The consumption of caffeine, which is the pri-
mary purine alkaloid of coffee, may cause positive 
or negative effects on human health depending on 
the daily intake, the consumer’s health condition 
and age. Some epidemiologic studies suggest that 
caffeine might be an effective therapeutic agent 
against Alzheimer’s disease (AD), which is one 
of the health problems among the elderly people, 
and its consumption might reduce the risk factors. 
Also coffee/caffeine, but not decaffeinated coffee, 
has been associated with a lower relative risk of 
Parkinson’s disease [9].

In the current study, it was aimed to determine 
the effect of the roasting degree on total phenolic 
and flavonoid contents, and antioxidant as well as 
anticholinesterase activities of the coffee samples. 
The water extracts of green beans and four dif-
ferent roasted samples were prepared according 
to the brewing procedure of Turkish coffee. The 
hexane, acetone and ethanol extracts of the sam-
ples were also prepared. In addition, regarding the 
therapeutic potential of caffeine against AD, the 
caffeine contents of extracts from coffee roasted 
for 25 min, which exhibited high anticholineste-
rase activity, were determined by high perform-
ance liquid chromatography (HPLC).

MATERIALS AND METHODS

Materials 
Green beans of Coffea arabica L. from Bra-

zil and coffee samples roasted at 140–160 ˚C for 
12 min, 20 min, 22 min, 25 min, and grounded, 
were purchased from a local market (Izmir, Tur-
key) in May 2012.

Chemical substances
Ethanol, hexane, acetone, potassium acetate, 

potassium thiosulfate, aluminium nitrate nona-
hydrate, potassium dihydrogen phosphate, sodium 
bicarbonate and HPLC-grade methanol, aceto-
nitrile and ortophosphoric acid were supplied 
from Merck (Darmstadt, Germany); pyrocatechol, 
quercetin, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 
copper (II) chloride dihydrate, 5,5’-dithio-bis(2-
nitrobenzoic) acid (DTNB), electric eel acetyl-
cholinesterase (AChE, Type-VI-S, EC 3.1.1.7, 
425.84 U·mg-1) and horse serum butyrylcho-
linesterase (BChE, EC 3.1.1.8, 11.4 U·mg-1) from 
Sigma (St. Louis, Missouri, USA); acetylthio-
choline iodide and Folin-Ciocalteu reagent from 
Applichem (Darmstadt, Germany); neocuproine, 

Tab. 1. Classification of coffee extract samples
and extraction yields of different solvents.

Sample codes
Roasting time 

[min]
Extraction yield 

[%]

Hexane extracts

H1 –* 10.3

H2 12 12.8

H3 20 13.5

H4 22 14.2

H5 25 10.2

Acetone extracts

A1 –* 10.4

A2 12 11.1

A3 20 12.1

A4 22 12.4

A5 25 10.1

Ethanol extracts

E1 –* 8.5

E2 12 12.0

E3 20 11.8

E4 22 12.1

E5 25 9.5

Water extracts

W1 –* 22.7

W2 12 22.1

W3 20 17.7

W4 22 19.2

W5 25 18.5

* – green beans.
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anticholinesterase potentials of one cup of coffee 
samples, the extracts were prepared as follows: 
4.5 g of the coffee sample were macerated with 
50 ml of the solvent (hexane, acetone and etha-
nol) at room temperature for 10 min. After filtra-
tion, the solvent was evaporated under reduced 
pressure. 

The water extracts were prepared following 
the brewing procedure of Turkish coffee, which 
is boiling 4.5 g of the coffee sample with 50 ml of 
distilled water for 10 min. The extract was filtered 
and water was evaporated under reduced pressure.

Instrumentation
Spectrophotometric analyses were performed 

by a Power Wave XS microplate spectrophoto-
meter (BioTek, Winooski, Vermont, USA). 
HPLC analyses were done using an Agilent 
1100 series system with a reverse-phase column 
C18 (30 cm × 3.9 mm × 10 μm, Agilent, Santa 
Clara, California, USA) and a photodiode array 
detector (Agilent).

Determination of total phenolic 
and flavonoid content

The solutions of the coffee extracts were 
prepared with ethanol at a concentration of 
1 000 mg·l-1. A volume of 180 μl of distilled wa-
ter, 4.0 μl Folin-Ciocalteu reagent and 12.0 μl of 
2% Na2CO3 solution were added to 4.0 μl of the 
sample solution and the mixture was kept for 2 h 
at room temperature. After that, the absorbance 
of the sample was measured at 760 nm. The cali-
bration curve of pyrocatechol was prepared with 
the standard solutions in the concentration range 
of 0.5–4.0 μg·ml-1 and the total phenolic content 
results were expressed as pyrocatechol equiva-
lents (PE) [10]. For the determination of total 
flavonoid content, 172 μl of 80% ethanol and 
4 μl of 1.0 mol·l-1 potassium acetate were added 
to 20 μl of sample solution. After 1 min, 4 μl of 
10% Al(NO3)3 solution was added to the mixture 
and, after 40 min, the absorbance was measured 
at 415 nm. The calibration curve of querce-
tin was prepared in the concentration range of 
5–40 μg·ml-1 and the total flavonoid contents were 
expressed as quercetin equivalents (QE) [11]. 

Antioxidant activity
The antioxidant capacity of the coffee extracts 

and caffeine was calculated as Trolox-equivalent 
antioxidant capacity (TEAC). The calibration 
curve of Trolox was prepared with different con-
centrations in the range of 10–80 μmol·l-1.

The sample solutions were prepared with etha-
nol for ABTS cation radical decolorization and 

DPPH free radical scavenging assays and with 
distilled water for cupric reducing antioxidant 
capacity (CUPRAC) assay at a concentration of 
1 000 mg·l-1.

ABTS cation radical decolorization assay
The solution of ABTS cation radical was ge-

nerated by 19.2 mg of ABTS and 3.3 mg K2S2O3 
in 5 ml of distilled water. The solution was kept in 
dark for 16 h at room temperature. Then, the solu-
tion was diluted so that its absorbance at 734 nm 
was approximately 0.70. A volume of 10 μl of 
sample solution and 30 μl of distilled water were 
mixed with 160 μl of ABTS cation radical solution 
and, after 6 min of incubation at room tempera-
ture, absorbance was measured at 734 nm [12].

DPPH free radical scavenging assay
The DPPH˙ radical solution was prepared by 

dissolving 4.0 mg of DPPH in 100 ml of ethanol 
and mixing the solution for half an hour in the 
dark. A volume of 10 μl of sample solution and 
30 μl of distilled water were mixed with 160 μl of 
DPPH˙ solution and, after 30 min of incubation at 
room temperature, absorbance was measured at 
517 nm [13].

Cupric reducing antioxidant capacity assay (CUPRAC)
A volume of 12.5 μl of the sample solution and 

54.5 ml of distilled water were added to a solution 
prepared by adding 61.0 μl of 10 mmol·l-1 CuCl2, 
61.0 μl 7.5 mmol·l-1 neocuproine and 61.0 μl of 
1.0 mmol·l-1 NH4CH3COO buffer (pH 7). The ab-
sorbance at 450 nm was measured after 1 h incu-
bation at room temperature [14].

Anticholinesterase assay
The substrates of the reaction were acetyl-

thiocholine iodide and butyrylthiocholine iodide 
whereas DTNB was used for the measurement of 
the anticholinesterase activity. The sample solu-
tions in ethanol were prepared at a concentration 
of 4 000 mg·l-1. Aliquots of 130 ml of 100 mmol·l-1 
phosphate buffer (pH 8.0), 10 μl of sample solu-
tion and 20 μl AChE (or BChE) solution were 
mixed and incubated for 15 min at 25 °C. Then, 
20 μl of DTNB solution (prepared by adding 
2.0 ml of pH 7.0 and 4.0 ml of pH 8.0 phosphate 
buffer to a mixture of 1.0 ml of 16 mg·ml-1 DTNB 
and 7.5 mg·ml-1 NaHCO3 in pH 7.0 phosphate 
buffer) was added. The reaction was initiated by 
the addition of 20 μl acetylthiocholine iodide (or 
butyrylthiocholine iodide). In this method, the ac-
tivity was measured by following the yellow colour 
produced as a result of the thio anion produced 
by the enzymatic hydrolysis of the substrate react-
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ing with DTNB [15]. The hydrolysis of these sub-
strates was monitored at 412 nm.

Determination of the caffeine content
The solutions of the extracts of coffee roasted 

for 25 min were prepared at a concentration of 
0.05 g·ml-1 in ultra pure water. Samples were fil-
tered through a 0.45 μm filter before analysis. Ten 
microlitres of each sample were injected to an Agi-
lent 1100 series HPLC system with a reverse-phase 
column and a photodiode array detector. The 
mobile phase consisted of 100 ml of HPLC grade 
acetonitrile and 900 ml of a solution prepared by 
dissolving 1.7 mg of potassium dihydrogen phos-
phate in 950 ml ultra pure water, adjusting pH to 
3.5 with 5% ortophosphoric acid, and the volume 
to 1.0 l with ultra pure water. The flow rate was 
1.0 ml·min-1 and the column temperature was kept 
at 40 °C. Detection was performed at 214 nm [16].

Statistical analysis
All of the analyses were made in triplicate. The 

statistical analysis was performed using the Excel 
software (Microsoft Office 2007, Microsoft, Red-
mond, Washington, USA) to calculate the means 
and the standard deviations, correlation and one-
factor ANOVA test.

RESULTS AND DISCUSSION

Total phenolic and flavonoid contents
The water extracts prepared as Turkish coffee 

were found to be the richest in phenolic contents, 
followed by the ethanol extracts (Tab. 2). These 
results suggest that most of the phenolics in the 
coffee extracts were relatively polar compounds. 
The flavonoid contents in the hexane extracts of 
the coffee samples roasted to different degrees 
were slightly higher than those of the other ex-
tracts, which might be caused by the presence of 
nonpolar flavonoids. It was also observed that 
the total phenolic content of the extracts was in-
fluenced irregularly by the roasting degree, which 
might be the consequence of non-destructed, 
destructed and/or re-formed phenolics through 
roasting. A disordered relationship was also ob-
served between the roasting degree and the total 
flavonoid content. 

Antioxidant activity
A literature survey showed that the roasting 

process may influence the ant ioxidant capacity of 
coffee, but there were no regular results indicat-
ing the net affect of the roasting degree [7, 17]. 
VIGNOLI et al. reported that the antioxidant ac-

tivity of coffee was unaffected by the roasting de-
gree because of the balance of degraded and newly 
formed compounds [7]. HEČIMOVIĆ et al. obtained 
fluctuated results regarding the effect of the 
roasting degree using ABTS cation radical assay, 
whereas the authors found the highest antioxidant 
potential at light roasting degree, using the fer-
ric reducing ability of plasma (FRAP) assay [17]. 
It was also reported that the antioxidant capacity 
might vary between different coffee brewing tech-
niques and also with the addition of milk [4, 18].

In this study, significant differences were de-
termined between the antioxidant capacity of the 
green beans and the coffee samples roasted to dif-

Tab. 2. Total phenolic and flavonoid contents 
of the coffee extracts.

Samples
Total phenolics 

[g·kg-1]
Total flavonoids 

[g·kg-1]

Hexane extracts

H1 12.66 ± 2.33 34.81 ± 6.00

H2 12.66 ± 2.33 42.21 ± 2.12

H3 11.02 ± 0.00 44.80 ± 1.16

H4 10.20 ± 1.16 32.53 ± 1.91

H5 12.66 ± 2.33 34.81 ± 6.00

Acetone extracts

A1 15.41 ± 0.95 34.58 ± 0.58

A2 17.60 ± 1.65 31.90 ± 2.73

A3 14.31 ± 0.00 30.26 ± 0.79

A4 15.13 ± 1.16 28.81 ± 2.47

A5 20.89 ± 2.33 39.21 ± 0.96

Ethanol extracts

E1 63.65 ± 1.65 31.90 ± 1.03

E2 43.09 ± 3.49 25.00 ± 3.00

E3 40.63 ± 2.33 24.63 ± 3.08

E4 60.36 ± 4.65 31.63 ± 3.10

E5 67.76 ± 8.14 27.77 ± 0.19

Water extracts

W1 64.47 ± 3.49 30.35 ± 4.64

W2 90.79 ± 1.16 25.72 ± 4.24

W3 65.30 ± 0.00 11.28 ± 0.77

W4 59.81 ± 3.42 12.51 ± 1.73

W5 71.88 ± 2.33 26.13 ± 0.58

The results are average of three measurements ± standard 
deviation.
By statistical analysis the differences in total phenolic and 
flavonoid contents of the differently roasted coffee extracts 
were found to be significant (p < 0.05). 
Phenolic and flavonoid contents were expressed as pyro-
catechol equivalents per kilogram of dry extract and querce-
tin equivalents per kilogram of dry extract, respectively.
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ferent degrees (p < 0.05), except for the results of 
water extracts by ABTS assay and hexane extracts 
by CUPRAC assay (p > 0.05). Some small fluc-
tuations were observed in the data obtained by 
all of the three assays (Tab. 3). The water extracts 
showed much higher antioxidant capacity than 
those of the hexane, acetone and ethanol extracts. 
Caffeine was found to be not active in ABTS and 
CUPRAC assays, whereas it had an average TEAC 
value in DPPH assay (Tab. 3).

To observe the contribution of the phenolic 
compounds to the antioxidant capacity of the ex-
tracts (Tab. 3), the total phenolic contents were 
correlated with the antioxidant capacity results at 
95% confidence level. CUPRAC assay yielded the 
strongest correlation (r = 0.68) with the reduction 
of Cu(II)-neocuproine chelate cation to Cu(I)-

neo cuproine chelate by phenolic compounds. It 
was determined that the total flavonoid contents 
had no good correlation with antioxidant capacity.

Anticholinesterase activity
It was proposed that -amyloid, the abnormal 

protein, might be one of the key factors in the 
progress of AD [19]. Cholinesterases promote the 
aggregation of -peptides and amyloid formation. 
ARENDASH and CAO indicated the ability of mo-
derate caffeine intake (the human equivalence of 
500 mg or 5 cups of coffee per day) for protection 
or treatment of AD in a mouse model. It was re-
ported that caffeine given in drinking water to AD 
mice was protective against memory impairment 
and also lowered brain levels of -amyloid [20]. 

In this study, the anticholinesterase activity of 

Tab. 3. Antioxidant capacity of the coffee extracts and caffeine.

Samples
TEACABTS
[mol·kg-1]

TEACDPPH
[mol·kg-1]

TEACCUPRAC
[mol·kg-1]

Hexane extracts

H1 0.02 ± 0.007 NA 0.18 ± 0.018

H2 0.03 ± 0.009 NA 0.24 ± 0.041

H3 0.04 ± 0.007 NA 0.27 ± 0.035

H4 0.02 ± 0.007 NA 0.24 ± 0.011

H5 0.03 ± 0.002 NA 0.23 ± 0.042

Acetone extracts

A1 0.12 ± 0.004 0.07 ± 0.008 0.30 ± 0.020

A2 0.05 ± 0.002 0.02 ± 0.000 0.26 ± 0.024

A3 0.09 ± 0.004 0.02 ± 0.002 0.30 ± 0.007

A4 0.06 ± 0.003 0.01 ± 0.003 0.24 ± 0.011

A5 0.07 ± 0.007 0.01 ± 0.004 0.24 ± 0.010

Ethanol extracts

E1 0.09 ± 0.009 0.03 ± 0.002 0.28 ± 0.002

E2 0.04 ± 0.004 0.02 ± 0.005 0.23 ± 0.018

E3 0.05 ± 0.001 0.04 ± 0.008 0.21 ± 0.012

E4 0.05 ± 0.001 0.02 ± 0.010 0.27 ± 0.010

E5 0.07 ± 0.003 0.03 ± 0.004 0.22 ± 0.035

Water extracts

W1 0.30 ± 0.079 0.24 ± 0.027 0.83 ± 0.039

W2 0.40 ± 0.046 0.27 ± 0.020 0.92 ± 0.044

W3 0.33 ± 0.013 0.14 ± 0.022 0.63 ± 0.030

W4 0.38 ± 0.015 0.21 ± 0.017 0.79 ± 0.036

W5 0.41 ± 0.010 0.21 ± 0.034 0.82 ± 0.032

Caffeine NA 0.30 ± 0.016 NA

The results are average of three measurements ± standard deviation.
TEAC – Trolox equivalent antioxidant capacity (expressed as moles of Trolox per kilogram of dry extract), TEACABTS – TEAC value 
in ABTS assay, TEACDPPH – TEAC value in DPPH assay, TEACCUPRAC – TEAC value in CUPRAC assay. NA – not active.
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the extracts was measured as inhibition of AChE 
and BChE. Values of BChE inhibitory activity 
of the extracts were generally higher than those 
of AChE inhibitory activity (Tab. 4). The results 
for roasting degree were found to be significant-
ly different from each other (p < 0.05), except 
for BChE data of the water and acetone extracts 
(p > 0.05). The effect of roasting degree on both 
AChE and BChE inhibitory activities of the sam-
ples was found to be irregular. The hexane extract 
of coffee roasted for 25 min (H5) exhibited the 
highest AChE inhibitory activity among the tested 
extracts. 

Caffeine content
Since the anticholinesterase activity of the 

coffee samples roasted for 25 min was found to 
be higher than the values for other extracts, the 
caffeine content was determined by HPLC (Fig. 1). 
The water extract (W5) had the highest caffeine 
content (3.1% ± 0.1%). Both of the AChE and 
BChE inhibitory activities of caffeine were found 
to be similar with galanthamine, which was used 
as the standard compound. In contrast, the hexane 
extract of coffee roasted for 25 min (H5) pos-
sessed the highest anticholinesterase activity with 
the lowest caffeine content (0.5% ± 0.0%; Tab. 5). 
This might be caused by the presence of nonpolar 
compounds having higher anticholinesterase ac-
tivity than caffeine.

CONCLUSION

The antioxidant capacity of the coffee extracts 
and caffeine was determined by ABTS cation 
radical decolorization assay and, for the first time 
in Turkish coffee samples, by DPPH free radi-

Fig. 1. HPLC chromatogram of the water extract of coffee roasted for 25 min (W5).

Tab. 4. Anticholinesterase activity 
of the coffee extracts and caffeine.

Samples
Inhibition [%]

AChE BChE

Hexane extracts

H1 58.2 ± 0.5 84.1 ± 0.7

H2 76.6 ± 1.4 83.1 ± 1.2

H3 78.3 ± 0.7 80.6 ± 0.8

H4 52.5 ± 0.2 78.8 ± 0.3

H5 81.0 ± 0.1 77.3 ± 2.3

Acetone extracts

A1 67.1 ± 0.8 83.5 ± 1.3

A2 56.9 ± 1.8 81.7 ± 5.2

A3 67.0 ± 1.9 81.9 ± 0.3

A4 66.7 ± 1.7 81.7 ± 2.2

A5 66.4 ± 2.8 83.1 ± 0.1

Ethanol extracts

E1 39.2 ± 1.2 78.4 ± 0.7

E2 57.6 ± 0.5 76.8 ± 0.3

E3 38.7 ± 1.4 66.5 ± 1.2

E4 50.2 ± 1.2 77.8 ± 2.0

E5 50.6 ± 2.8 79.3 ± 0.4

Water extracts

W1 68.7 ± 3.2 88.0 ± 0.3

W2 59.8 ± 1.0 86.7 ± 2.0

W3 70.2 ± 2.3 86.6 ± 1.5

W4 69.9 ± 2.8 87.8 ± 0.5

W5 65.3 ± 2.2 88.3 ± 0.6

Caffeine 72.5 ± 1.4 85.0 ± 0.7

Galanthamine 80.9 ± 0.3 86.1 ± 0.5

The results are average of three measurements ± standard 
deviation. Galanthamine is a standard drug.
AChE – acetylcholinesterase, BChE – butyrylcholinesterase.
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cal scavenging and CUPRAC assays. The anti-
cholinesterase activity of the coffee extracts and 
caffeine contents were determined also for the 
first time. In the present work, it was found that 
the roasting degree had an irregular effect on the 
antioxidant and anticholinesterase activities of 
the coffee samples. In addition, there was no re-
lationship between the caffeine content and anti-
cholinesterase effect of the coffee samples. Since 
caffeine has a strong anticholinesterase activity, 
its effects on other neuro degenerative diseases 
may be enlightened by pharmacological investiga-
tions. Also, further phytochemical studies could be 
performed to find out active compounds in coffee 
extracts exhibiting the strong anticholinesterase 
potential.
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