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Abstract
In this study, an in vitro α-chymotrypsin aggregation model was used to demonstrate that certain extracts of commercial 
coffees effectively inhibit protein aggregation in 55% ethanol at pH 7.0. To detect the anti-amyloidogenic effect of the vari-
ous coffee extracts, turbidity measurements and Congo red binding assays were performed as well as the determination of 
the total polyphenol content of the extracts. The greatest fibril formation inhibitory effect was exerted by the Eduscho coffee 
extract, which contained also the most of the phenolic compounds. The Eduscho coffee extract inhibited the fibrillation of the 
α-chymotrypsin dose dependently. Coffee extracts are effective anti-aggregation agents, and their beneficial effects strongly 
correlate with the total phenolic content.
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Introduction

Protein conversion from their soluble state into well-struc-
tured amyloid fibrils is considered to cause a wide range 
of neurodegenerative diseases and systemic amyloidosis 
(Chiti and Dobson 2009). Stabilization of the structure of 
proteins can be accomplished by immobilization (Kotormán 
et al. 1986), chemical modification (Kotormán et al. 2009) 
or addition of additive molecules (Kotormán et al. 2003). 
In plants, the lack of amyloid formation, unlike in humans, 
suggests that plants probably possess special mechanisms 
to fight against undesirable protein misfolding (Kalhor and 
Ashrafianm 2017). Plants contain a number of aggrega-
tion inhibitors, including many polyphenolic compounds 
(Mohammad-Beigi et al. 2019; Laczkó-Zöld et al. 2018; 
Colica et al. 2018; Rose et al. 2018). To date, significant 
efforts have been made to discover new, effective molecules 
to avoid protein misfolding to prevent these diseases (Sohail 

et al. 2018; Kasi and Kotormán, 2019). Nontoxic natural 
agents are very efficient in therapy (Maliszewska et al. 2016; 
Sharma and Ghosh 2019). Coffee is one of the most wide-
spread beverages in the world. Coffee consumption reduces 
the risk of many chronic illnesses such as type 2 diabetes, 
coronary heart disease, several types of cancer as well as 
Parkinson’s disease. Increased coffee consumption during 
aging reduces the risk of Alzheimer’s disease (Ludwig et al. 
2014; Cao et al. 2011). Coffee is rich in various polyphenols, 
especially phenolic acids (chlorogenic acids, caffeic acid, 
ferulic acid), quinic acid and quercetin (Colombo and Papetti 
2019). The aromatic rings of polyphenols can competitively 
interact with aromatic residues in amyloidogenic proteins 
and prevent the π–π interaction. They also block the self-
assembly process of the proteins. The phenolic hydroxyls 
of polyphenolic compounds probably inhibit amyloid fibril 
formation by binding to the hydrophobic residues in amyloi-
dogenic proteins (Kotormán et al. 2018; Cheng et al. 2013). 
It was found that the position of hydroxyl groups on the 
aromatic ring was the most important determining factor for 
their anti-amyloidogenic properties, but their number was 
insignificant (Porzoor et al. 2015; Kotorman et al. 2017). 
The experimental results confirm that chlorogenic and caf-
feic acids significantly inhibited the human islet amyloid 
polypeptide oligomerization (Cheng et al. 2011). Ferulic 
acid effectively inhibited the fibril formation of amyloid 
β-protein (Yamada et al. 2015). It was found that quinic acid 
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is a very strong anti-fibrillating agent (Shamsi et al. 2016). 
Small organic, hydrophobic molecules can easily cross the 
blood–brain barrier; quercetin is such a compound (Vus 
et al. 2019; Sandeep and Nandini 2017). Quercetin potently 
inhibited Aβ oligomerization. By stabilizing the smaller 
oligomer species formed before fibrillation, it inhibited the 
formation of α-synuclein fibrils (Mancini et al. 2018). The 
caffeine component of coffee can reduce the risk of many 
neurodegenerative diseases (Madeira et al. 2017), and it has 
an amyloid inhibitory activity on aggregation of Aβ16-22 
peptides (Sharma and Paul 2016). According to the experi-
mental results, caffeine interacts with the aromatic part of 
the peptide, and thereby inhibits the formation of β-sheets 
(Sharma et al. 2016). An alkaloid of coffee beans trigo-
nelline has a neuroprotective effect (Fahanik-Babaei et al. 
2019). Pyrocatechol resulting from chlorogenic acid during 
roasting reduces Aβ production (Fukuyama et al. 2018).

Previously, we had investigated the anti-amyloidogenic 
effects of different coffee extracts using a PMS-trypsin 
model protein (Kasi et  al. 2018). We supposed that we 
would get similar results with the α-chymotrypsin model 
protein too, since its three-dimensional structure is similar to 
trypsin. However, in the case of α-chymotrypsin, there is no 
need for chemical modification of the enzyme to avoid autol-
ysis, since autolysis at pH 7.0 in the presence of 55% ethanol 
is negligible. It was hoped that the results to be obtained in 
our present study would confirm that the anti-amyloidogenic 
effect of polyphenolic compounds in coffee extracts is not 
limited to a single protein such as trypsin but also to other 
proteins such as α-chymotrypsin. The presence of a mild 
solvent causes an increase in the β-sheet conformation in 
proteins (Furkan et al. 2016). According to our earlier study, 
α-chymotrypsin forms amyloid-like fibrils in 55% ethanol at 
pH 7.0 after 24-h incubation (Simon et al. 2012).

Materials and methods

Materials

Three times crystallized, lyophilized α-chymotrypsin (EC 
3.4.21.1) from bovine pancreas was the product of Sigma-
Aldrich Ltd. (Budapest, Hungary). Folin–Ciocalteu’s phe-
nol reagent was purchased from Merck Ltd. (Darmstadt, 
Germany). The ground, roasted coffees were bought from 
commercial sources: Eduscho Wiener Extra and Tchibo 
Family were bought from Tchibo Budapest Ltd. (Budaörs, 
Hungary), Bravos Classic from Mocca Negra Co. (Szenten-
dre, Hungary), Douwe Egberts Omnia Classic and Karaván 
from Douwe Egberts Hungary Co. (Budapest, Hungary), 
Jacobs Merido Aroma from Modelez Hungária Ltd. (Buda-
pest, Hungary), Kenya Kiandi, Panama arabica and Brasil 
Santos from Latin Negyed Ltd. (Szeged, Hungary). All 

other reagents and buffer components used were of analyti-
cal grade.

Preparation of water‑soluble coffee extracts

Three grams of each coffee was weighed and added to 
22.5 ml of hot water and then boiled three times. Samples 
were cooled to room temperature and centrifuged for 1 min 
at 13,000 rpm. The supernatant was diluted with distilled 
water as needed prior to the measurements.

Turbidity measurements

Turbidity measurements were carried out on a Cecil 
CE-5501 UV–Vis spectrophotometer using a quartz cuvette 
with a 1 cm path length. The turbidity measurements were 
performed by measuring the absorption of the samples at 
350 nm after 24-h incubation at 24 °C, in 55% ethanol at 
pH 7.0. Respective blank corrections had been made prior 
to all experiments. The α-chymotrypsin concentration was 
0.15 mg/ml in these measurements.

Determination of total phenolic content

The total phenolic contents of the coffee extracts were meas-
ured according to Waterhouse with Folin–Ciocalteu rea-
gent, measuring the absorption of the resulting blue color at 
765 nm against the reagent blank (Waterhouse 2002). The 
calibration line was made from 0 to 50 mg/l gallic acid. 
Finally, all polyphenol contents were given in mg gallic acid 
equivalent/l (mg GAE/l) unit.

Congo red (CR) binding assay

A redshift in the absorption maximum of CR (disodium-
3,3′[[1,1-biphenyl]-4,4′-diylbis(azo)]bis(4-amino-naph-
thalin-1-sulphonate)) absorption spectrum indicates the 
presence of increased cross β-sheet-rich structure (Alam 
et al. 2016). The CR absorption spectra were recorded on 
a Hitachi U 2000 spectrophotometer. For this experiment, 
200 μl (0.15 mg/ml) aliquots of the 1-day-aged protein sam-
ples were withdrawn and mixed with 800 μl of CR solu-
tion containing 150 mM NaCl in 5 mM phosphate buffer 
at pH 7.0. The samples had been incubated for 15 min at 
24 °C before the measurements. The absorption spectra of 
the resulting samples were recorded in a 1-cm-path length 
cuvette. Difference spectra were constructed by subtraction 
of the spectra of α-chymotrypsin alone and CR alone from 
the spectra of α-chymotrypsin + CR.
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Statistical analysis

All experimental data were represented as mean ± standard 
error of the mean (SEM) from the average of three independ-
ent measurements. Significance was determined by one-way 
analysis of variance (ANOVA), followed by Tukey’s multi-
ple comparison test.

Results

α‑Chymotrypsin aggregation

The α-chymotrypsin samples were incubated in the presence 
and absence of different coffee extracts diluted 50 times in 
55% ethanol at pH 7.0 for 24 h. The aggregation propensity 
of α-chymotrypsin samples in the absence and presence of 
various coffee extracts was monitored via turbidity measure-
ments. The sample without the coffee extract showed maxi-
mum absorption value at 350 nm, whereas the presence of 
the coffee extracts showed a marked decrease in it. As with 
the PMS-trypsin model protein, Eduscho coffee extract was 
the most effective aggregation inhibitor with α-chymotrypsin 
too. The percentage of inhibition was calculated from tur-
bidity measurements: The relative absorbance of the coffee 
extract at 350 nm was subtracted from 1 and multiplied by 
100. We also wanted to know if the total polyphenol con-
tents of the coffee extracts changed in 2 years. Thus, we 
also re-measured the total amounts of polyphenol in the 
coffee extracts we had used. The total phenolic contents 
of the tested coffee extracts varied from 3717 ± 337.2 to 
7146 ± 412.6 mg GAE/l. According to our results, the total 
polyphenol contents of the samples decreased to 81.3% after 
2 years of storage as an average. The largest amount of total 
phenolic content was detected in the Eduscho coffee extract; 
at the same time, it had the strongest inhibitory effect on 
aggregation too (Fig. 1). Based on our data, the correla-
tion coefficient between the total phenolic content and the 
percentage of inhibition is 0.782. At 50-fold dilution, the 
Eduscho coffee extract caused 99.91% inhibition of protein 
aggregation.

At different concentrations of the Eduscho coffee extract, 
the relative absorption at 350 nm was also measured. Turbid-
ity intensities were in inverse relation to the Eduscho coffee 
concentrations. The Eduscho coffee extract showed con-
centration-dependent inhibitory effect on α-chymotrypsin 
aggregation (Fig. 2).

CR binding assay

The inhibitory effect of the Eduscho coffee extract on the 
protein fibrillation was also monitored by CR binding assay. 
A slight redshift of the absorption maximum of CR was 

Fig. 1   Change in the percentage of inhibition in 55% ethanol (filled 
circle) with the total phenolic content (open circle). Coffee extracts 
were diluted 50 times in distilled water. Protein concentration was 
0.15 mg/ml. All data were presented as mean ± standard error of the 
mean (SEM) from three independent measurements

Fig. 2   Turbidity measurements in the absence and presence of differ-
ent concentration of Eduscho coffee extracts by recording the absorp-
tion at 350 nm at 0.15 mg/ml α-chymotrypsin concentration in 55% 
ethanol at pH 7.0. Each bar represents the average of at least three 
independent measurements. All data are presented as mean ± standard 
error of the mean (SEM). Significance was defined as ***P < 00.001 
and **P  <   0.01 compared to the sample without Eduscho coffee 
extract, and the significance was defined as + P  <  0.05 compared to 
the previous dilution using one-way analysis of variance (ANOVA), 
followed by Tukey’s multiple comparison test
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observed in the presence of α-chymotrypsin. The maximum 
spectral difference in the absence and presence of Eduscho 
coffee extract was observed at 550 nm, but in the presence 
of the Eduscho coffee extract the value of the maximum 
was lower than without it (Fig. 3). CR binding experiments 
suggested that the Eduscho coffee extract was capable of 
inhibiting α-chymotrypsin fibril formation in a concentra-
tion-dependent manner.

Our results demonstrated that the Eduscho extract had 
a preventive effect on protein aggregation. It was capable 
of inhibiting α-chymotrypsin amyloid-like fibril forma-
tion effectively in vitro, and the process was concentration 
dependent. According to our experiments, the Eduscho cof-
fee extract can serve as a valuable source of beneficial phe-
nolic compounds for the prevention of protein aggregation.

Discussion

Numerous studies have shown that plant biophenols reduce 
fibril formation and toxicity (Omar 2017). Many of the 
compounds present in coffee have neuroprotective effects. 
Caffeic acid and chlorogenic acid prevent neurodegenera-
tion. Coffee consumption reduces the risk of developing 
Parkinson’s and Alzheimer’s diseases. It is possible to use 
a food-based promising therapeutic strategy against neuro-
degenerative diseases (Miyazaki et al. 2019; Mancini et al. 
2018). Amyloid growth detection is generally performed by 
measuring the turbidity of the solution (Zhao et al. 2016). 
The decrease in turbidity measured in the presence of the 

inhibitory agent indicates the efficacy of an inhibitor (Ali 
et  al. 2019). CR amyloid-specific dye binds mainly to 
β-sheet conformation of amyloid fibrils (Klunk et al. 1989). 
The formation of amyloid-like fibrils was tested by meas-
uring the increase and redshift in absorption of CR in the 
range between 400 and 600 nm (Fazili et al. 2016; Kotormán 
et al. 2015). CR binding assay has been extensively utilized 
to study the anti-fibrillation activity of various inhibitors 
(Awasthi and Saraswathi 2016).

Conclusion for future biology

Our experimental findings support the fact that moderate 
coffee consumption helps reduce amyloid fibril formation 
thus decreasing the chances for the development of various 
amyloidoses.
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