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Abstract: The acaricidal and enzymatic inhibition potentials of extracts from lower quality green
(GC) and roasted (RC) coffee beans were analyzed. Coffee extracts were obtained using the solid-
liquid reflux technique, in a 1:5 ratio. The extracts were characterized by HPLC and the compounds
were identified by comparison with the retention times of the standards used. Acaricidal activity was
assessed by the Adult Immersion Test (AIT) and acetylcholinesterase inhibition was determined by
monitoring the formation of 5-thio-2-nitrobenzoate. For every 100 g of plant material, yields equal
to 3.44% and 13.34% were obtained for green and roasted coffees, respectively. Caffeic and
chlorogenic acids were present in concentrations equal to 43.75 mg g™ and 15.1 mg g for green
coffee, respectively, whereas concentrations equivalent to 4.5 mg g’ and 0.019 mg g were observed
for roasted coffee. An efficient acaricidal activity was observed with all the doses of the extracts
analyzed when compared with the water and Tween control groups, with a high mortality for all the
individuals and a reduction in oviposition. Enzyme inhibition was observed at all the concentrations
tested, with mean inhibitory concentrations equal to 0.2980 mg mL™ for green coffee extracts and
0.1991 mg mL™ for roasted coffee. Thus, green and roasted coffee extracts from lower quality beans

can be used to develop new organic products.
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Introduction

Coffee is one of the most widely traded and consumed
products. In production terms, Brazil stands out as the
world's largest coffee producer, with an estimated harvest of
55.7 million bags of Arabica coffee and 17 million bags of
Conilon coffee for the biennium 2022-2023. Research by
Pereira et al. (2020) and Montenegro et al. (2021) showed that
the biochemical and bioactive composition of coffee beans is
related to human health benefits. For example, caffeine can
reduce the risk of Parkinson's and Alzheimer's diseases, Type
2 diabetes, and certain types of cancer. Trigonelline, an
alkaloid present in coffee, has antimicrobial, anticancer, and
antihyperglycemic effects. In addition, coffee is a source of
chlorogenic acids, which have antioxidant, anti-
inflammatory, anti-diabetic, anti-obesity, hepatoprotective,
antimicrobial and anti-hypertensive properties.

The concentration of compounds in coffee that are related to
health benefits can be influenced by factors such as roasting,
grinding and fermentation. The roasting process is one of the
main steps that modify the concentration of bioactive
compounds because chemical reactions occur, such as
dehydration, Maillard reactions and Strecker degradation,
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which are responsible for the characteristic aroma and color
of coffee (Montenegro et al., 2021).

Because coffee is widely consumed by the Brazilian
population and widely exported, the generation of solid
waste and effluents during the coffee production chain, from
harvesting to preparation of the beverage, is directly
proportional to the production of the product suitable for
consumption. These by-products are a worrying obstacle
because they are often improperly discarded and result in
strong environmental impacts (Vegro and Carvalho, 1994;
Silva et al., 2022).

Unlike the food industry, several manners of utlizing the
residues have already been studied, such as the skins, pulp
and sludge that are applied in the production of biofuels,
biofertilizers and animal feed, whereas the water used in the
process is treated by aerobic digestion and reused for
irrigation. Furthermore, it is known that the application of
non-defective green beans as food additives and sources of
enzymes, fertilizers, preservatives and antioxidants already
exists, as well as the use of roasted beans for the formulation
of cosmetics, pharmaceuticals and food. However, new
alternatives for the use of defective coffee beans are still



limited and scarce (Esquivel and Jimenéz, 2012; Marto et al.,
2016; Durén et al., 2017). The objectives of this work were to
analyze the acaricidal potential of extracts of green and
roasted coffee beans of inferior quality, in addition to
evaluating  the potential for inhibiting  the
acetylcholinesterase.

Results and Discussion

Determination of moisture and yield of extracts

The results obtained for the extraction yield of green and
roasted beans are shown in Table 1.

Leite et al. (2021) reported that the reagents used in the
extraction process should be defined with a view to using the
extract in industrial processes. Gualberto et al. (2021) showed
that the composition of the extracts can be enhanced by
extraction with solvents of different polarities to extract
compounds with different chemical structures.

Characterization of extracts

The compounds present in the green and roasted coffee
extracts were identified by comparison with the retention
times of the standards and their respective concentrations
(mg g). They are listed in Table 2.

In both extracts, caffeic acid was the compound found in the
highest concentration, corresponding to 43.75 mg g™ and 4.5
mg g in green and roasted coffee extracts, respectively. A
larger quantity of chlorogenic acid (CGA) was identified in
the green coffee extract (15.1 mg g"). A smaller concentration
of other detected compounds was observed when the roasted
coffee extract was compared to the green coffee extract.
These results can be explained by the formation and
degradation of phenolic compounds during the roasting
process (Elias et al, 2022).

The trigonelline content in the green coffee extract was
considerably greater than that found in roasted coffee
extracts. Bressani and collaborators (2021) state that the
expressive decrease in the trigonelline content between the
green coffee and roasted coffee extracts can be explained by
its degradation during the roasting process because it has a
significant thermal instability. According to the authors, the
degradation of this compound is related to the formation of
pyrazines, furans, pyrroles and alkyl-pyridines, which are
responsible for the sensory characteristics of aroma and
taste.

Chlorogenic acids are defined as a general term used to
describe a variety of phenolic compounds found in plant
species, including coffee. This group includes esters of trans-
cinnamic acids, such as caffeic, ferulic, p-coumaric and quinic
acids. These acids have satisfactory antioxidant and
anticancer activities. They are effective in combating
degenerative and cardiovascular diseases, protecting plants
against abiotic stresses and pathogen attacks, in addition to
contributing to the bitterness and astringency of the
beverage (Monteiro and Farah, 2012; Ayelign and Sabally,
2013).

According to studies by Jeszka-Skowron, Zgota-Grzeskowiak
and GrzeSkowiak (2015), compounds belonging to the
chlorogenic acid group are responsible for the quality of
coffee and its flavor and can vary because of genetic factors,
such as the species in question, and environmental factors
related to agricultural practices, maturation of beans, climate
and soil. Previously, Duarte, Pereira and Farah (2010)
reported that, in addition to these factors, post-harvest
management can also influence the hydrophilic components
of the beans, such as sugars and other compounds quantified
in this study.

Similar results for chlorogenic acid concentrations in
ethanolic coffee extracts were obtained by Kiattisin,
Nantarat and Leelapornpisid (2016), where the authors

529

Table 1. Yield of ethanolic extracts of green coffee (GC)
and roasted coffee (RC).

Extract Yield (g)
Roasted coffee (RC) 13.34 + 1.482
Green coffee (GC) 3.44 + 0.81b
*GC (%) 14.09

*GC (%) — Coefficient of Variation.

Table 2. Compounds present in the extracts identified by
HPLC.

Concentration (mg g ")

Compound GC RC
Gallic acid ND 0.001
Catechin ND 0.012
Chlorogenic Acid 15.1 0.019
Caffeic acid 43.75  4.50
Vanillin 0.2 0.008
Ferulic acid 0.22 ND
m-Coumaric acid ND 0.007
o-Coumaric acid 0.53 ND
Resveratrol 0.25 ND
Trigonelline 9.95 0.34
Caffeine 73.86 6.09
Glucose 0.155 ND
Fructose 1.5 ND
Sucrose 4.71 ND

detected the presence of chlorogenic acid only in samples of
green beans. Significantly different levels of chlorogenic acid
between samples of green and roasted coffee were also found
by Kim et al. (2018), who observed values between 59.04 pg
g and 15.37 pg g, respectively. For Stefanello et al. (2019),
variables such as high temperatures, type of roasting and the
speed of air flow in the roaster can all be crucial for reducing
the concentration of chlorogenic acid in coffee samples.
According to Farah et al. (2005), the high temperature in the
roasting process promotes the cleavage of carbon-carbon
bonds in CGA, results in the isomerization and degradation
of some compounds in roasted coffee. In addition, hydrolysis
and dehydration of compounds can occur, which explained
the difference in the concentrations of compounds present in
the extracts.

In this study, glucose, fructose and sucrose were only
detected in green coffee extracts, whereas the same sugars
were not identified in roasted coffee extracts. Caporaso et al.
(2018) explained that the difference between sugar levels in
coffee samples can be related to the species and the post-
harvest processing steps. Studies by Bertuzzi et al. (2020)
show that these sugars, when subjected to high
temperatures, can be converted to degradation products.
Therefore, the absence of these sugars in the roasted coffee
extracts can be justified by the roasting process to which the
beans were submitted. Bondam et al. (2022) explain that the
phenolic compounds present in coffee extracts can vary
significantly according to the extraction method because the
modification of the applied method and the solvent used in
the extractions can direct the origin of quantitative products.

Acaricide activity

The acaricidal activity data obtained by the Immersion Test
in Adults using green and roasted coffee extracts are
presented in Tables 2 and 3, respectively. A dose-dependent
behavior was observed for the individual mortality, with
higher individual mortalities at higher concentrations. The
application of the roasted coffee extract, in addition to the
mortality of individuals within the five days of treatment,
considerably inhibited oviposition at all concentrations,
whereas the egg laying decreased in the presence of green
coffee extract at concentrations equal to 125 and 62.5 mg mL™.



Table 3. Mortality of green coffee extracts on Rhipicephalus microplus at different concentrations.

Mortality (GC)
Concentration (mg mL') 24 h 48h 72h 9%h
125 6 10 10 10
62.5 2 8 8 10
31.25 2 4 8 10
15.6 2 4 6 10
7.8 0 2 4 10

Table 4. Mortality of roasted coffee extracts on Rhipicephalus microplus at different concentrations.

Mortality (RC)
Concentration (mgmL") 24 h 48h 72h 96h 120h
125 10 10 10 10 10
62.5 4 8 10 10 10
31.25 0 4 4 10 10
15.6 2 2 4 10 10
7.8 0 6 6 8 10

The controls used in the test, water and Tween 0.01%, did not
cause death or inhibition of egg laying during the evaluation
period. The lethal concentration was not obtained for 50% of
the individuals because dead individuals were observed at all
the concentrations used during the evaluation period, but it
is possible to infer that the LCso of both extracts is lower than
7.8 mg mL.

Bravo-Ramos et al. (2021) analyzed extracts of Carica papaya
leaf, Moringa oleifera root, and Randia aculeata seeds and
bark at concentrations equal to 100, 50, 25, 12.5, 6.25, 3.13,
and 1.56 mg mL-' against R. microplus. The authors observed
a mortality between 5-55% using C. papaya leaf extracts, 7.5-
65.6% for M. oleifera extracts, 17.5-85.5% with extracts of R.
aculeata seeds and 15-75% using R. aculeata bark extracts, in
addition to inhibition of egg hatching at the highest
concentrations analyzed.

Shanmuganath et al. (2021) tested extracts of A. conyzoides
for resistant species of R. microplus and noted the positive
influence of the extracts on changes in the tegument of the
tested individuals, in addition to the decrease in the activity
of acid and alkaline phosphatase, enzymes responsible for
the transport and digestion of food. In the same year,
Oliveira et al. (2021) observed the action of Acmella oleracea
(jambu) extracts on oocytes | and Il of female R. sanguineus
and, consequently, interference with the genetic material,
which compromised their cellular functions.

Acetylcholinesterase inhibitory activity

The enzymatic activity as a function of the concentrations of
green and roasted coffee extracts analyzed in this study is
presented in Figure 1, whereas the average inhibitory
concentration of the extracts (ICso), as well as that of
carvacrol, the standard used for comparison can be seen in
Table 4. There is a dose-dependent effect of the extracts on
the enzymatic activity, that is, the activity of the AChE
enzyme decreases as the concentration of extracts and
standard increases. The greatest potential for AChE
enzymatic inhibition by the extracts was observed at the
highest concentration (1 mg mL™"), where 100% inhibition
was observed with the roasted coffee extract, and 87%
inhibition of the enzymatic activity was observed with the
green coffee extract.

It is known that plant substances have a complex nature,
thanks to their chemical diversity and that the complex
nature of extracts. When linked to possible antagonistic or
synergistic interactions, this fact can explain their actions
(Zengin et al., 2020). A similar effect was confirmed by
Gomes et al. (2022), who showed that the Ammocharis
coranica extracts have a greater potential for enzymatic
inhibition than fractions of the same extracts. Furthermore,
bioactive compounds, when compared to other extracts, may
differ quantitatively because of several factors, such as the
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portion of the plant utilized, the environment in which it was
collected and the season of the year, which can strongly
influence the active metabolites.

The extraction process is also crucial. Parameters such as the
method, solvent and temperature utilized interfere with the
efficiency of extraction and the amount of plant
biomolecules obtained (Senol et al., 2018; Zengin et al., 2020).
Akomolafe et al. (2017) and Zengin et al. (2020) mentioned
that coffee has a high enzyme inhibitory activity, proven by
the action of isolated compounds, such as caffeine and
chlorogenic and caffeic acids. The inhibitory activity of
caffeic acid, when used with caffeine, is lower than that of
pure caffeine, but with a greater inhibitory effect when
compared to caffeic acid alone. Thus, caffeic acid is a weaker
inhibitor than caffeine. The authors mention that, in addition
to the bioactive compounds being analyzed, factors such as
the enzyme and the method used can directly influence the
result.

Similar to the results obtained in this study, Nemzer, Kalita
and Abshiru (2021) analyzed coffee extracts with distinct
components of caffeine and chlorogenic acid for fins of AChE
controls. In their studies, they concluded that the inhibitory
action of extracts with higher levels of caffeine and
chlorogenic acid is dependent on the avoided dose, while
extracts with reduced levels of these substances did not show
inhibitory activity of the enzyme under certain conditions.
These findings are consistent with those found in the present
study, in which a lower degree of inhibition of the AChE
enzyme was observed with the green coffee extracts
containing higher levels of caffeine and chlorogenic and
caffeic acids than was observed with the roasted coffee
extract, which contains lower concentrations of these
bioactives. High concentrations of these compounds
probably act with an antagonistic effect and decrease the
inhibitory activity against enzymes such as the AChE
enzyme. These results are consistent with the effect found by
Oboh and collaborators (2013), who analyzed the inhibition
of AChE by caffeine and chlorogenic acid, separately and
combined. When analyzed together, the enzymatic activity
was lower in the presence of equal and equivalent amounts
of these substances. According to the authors, the action of
biocompounds is related to the chemical structure of the
bioactives, which can positively or negatively interfere with
the inhibitory or neuroprotective potential.

According to Pohanka and Dobes (2013), caffeine is a
compound with an inhibitory capacity of a non-competitive
character, but with low potential when compared to other
substances already applied for this purpose and that possess
lower toxicity and for which high doses can be more easily
administered. Research by Nemzer, Kalita and Abshiru (2021)
point to caffeine 1C50 values equal to 90 pg mL™, whereas
known anticholinesterase inhibitors, such as physostigmine,



Table 5. Inhibition of AChE enzymatic activities observed with carvacrol and green and roasted coffee extracts.

Sample

1Cs0

Carvacrol
Roasted coffee
Green coffee

0.0158+0.0012
0.1991+0.010P
0.2980+0.045¢

Means followed by the same lowercase letters in the rows and uppercase letters in the columns do not differ from one another by

the Scott-Knott Test at the 5% probability level.
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Figure 1. Acetylcholinesterase activity as a function of the concentrations of green and roasted coffee extracts and of the standard.

present almost complete inhibition with doses equivalent to
5 pg mL.

Similar to the present study, Erdem et al. (2016) evaluated
extracts obtained from commercial coffee for inhibition of
acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) enzymes. The researchers did not observe inhibition
of AChE at low concentrations (up to 100 pg mL™), but they
observed a 30.8% inhibition of the BChE enzyme, which lead
to the assumption that these compounds require higher
concentrations to inhibition against the AChE enzyme. Their
results are consistent with those found in the present work.

Studies by Pavlica and Gebhardt (2009) and by Metwally et
al. (2020) showed that chlorogenic acid protects neuronal
cells by cleaning free radicals and inhibiting their formation
when analyzed in intact cells, and It also acts in the
regulation of molecular markers and cytoprotective
signaling. Taram et al. (2016) studied the action of
chlorogenic acid and its metabolites in reducing neuronal
damage and observed that this occurs by protecting against
stressors such as nitric oxide and glutamate, as well as by
reducing lipid peroxidation.

Materials and Methods

Samples

The green and roasted coffee beans (Coffea arabica L.) of
inferior quality were purchased from the Department of
Agronomy of the Federal University of Lavras (UFLA). The
beans were produced in the south of Minas Gerais during the
2019/2020 harvest.

The treatment of green beans (raw) consisted only of
grinding them in an industrial blender. The coffee beans were
roasted in the Agricultural Product Processing Laboratory of
Agricultural Engineering at UFLA in a roaster with a capacity
of 5 kg. A priori, the roasting temperature and pressure were
maintained at 200 °C and 10 mbar, respectively, and then
they were maintained at 220 °C and 5 mbar for 9.5 minutes
at the sound of the signal that indicates the expansion of the
bean. Finally, the reasted beans were ground. Both samples
were stored at room temperature in polyethylene bags with
a capacity of 1 kg for further analysis.
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Plant extracts

The coffee extracts were prepared by the simple solid-liquid
reflux technique using ethanol as the solvent. The ground
beans were refluxed for 4 hours at 78 °C with a liquid/solid
ratio of 5:1 for effective extraction of constituents. The
extracts were filtered and the solvent was removed on a
rotary evaporator (Rotavapor Buchi R-144) over a two-hour
period. The extracts were left for 24 hours in a fume hood,
transferred to hermetically sealed flasks and stored in a
freezer at -10 °C. The moisture content of coffee beans was
determined according to Pimentel et al. (2006), and the
extraction yield (%R) was calculated on a moisture-free basis
according to Equation 1.

100 - mass of extract 1
~ sample mass — (sample mass x moisture content) @

%R

Characterization of the extracts

The characterization of the extracts was achieved by HPLC
on a Shimadzu UHPLC chromatograph (Shimadzu
Corporation, Kyoto, Japan) equipped with two LC-20AT high
pressure quaternary pumps, a DGU-20A5 degasser, a SIL
automatic injector -20A, a CBM-20A controller, a CTO-20AC
oven, an SPDM-20A UV-Vis detector, a RID-10A differential
refractive index detector, and an FRC-10A fraction collector.
A VP-ODS-C18 Shim-pack column (250 mm x 4.6 mm) and
Shim-pack pre-column (10 mm x 4.6 mm) were used.

The Mobile Phase (A) was composed of 2% acetic acid in
water and the Mobile Phase (B) consisted of a mixture of
methanol, water and acetic acid in the proportions of 70:28:2,
respectively. The total analysis time was 65 min at 40 °C, with
a flow rate of 1 mL min™ and a wavelength of 280 nm. The
phenol standards used were gallic acid, catechin, chlorogenic
acid, caffeic acid, vanillin, ferulic acid, m-coumaric acid, o-
coumaric acid and resveratrol, all obtained from Sigma-
Aldrich (Saint Louis, Missouri, USA). Stock solutions were
prepared in HPLC grade 70% methanol.

The extracts (0.5 g) were dissolved in 20 mL of 70% methanol
and submitted to an ultrasonic bath for 20 minutes. The
solution was centrifuged (4000G for 7 minutes), and the



supernatant was filtered through a 0.45 um nylon membrane
(Millipore). The compounds present in the extract were
identified by comparison of their retention times with the
retention times of the standards.

The trigonelline and caffeine contents were measured using
the method proposed by Santiago et al. (2020).
Chromatographic runs were performed using a Shimadzu
high-performance liquid chromatograph equipped with a
high-pressure quaternary pump (LC-20AT), a degasser
(DGU-20A5), an interface (CBM-20A), an automatic injector
(SIL-20A- HT) and a UV-Vis detector (SDP-20A). A Supelcosil
LC-C18 column (4.6x250 mm, 5 pm) and a Supelcosil C18 pre-
column (4.6x12.5 mm, 5 pm) were used, whereas the mobile
phase was isocratic, and the flow rate was 1 mL min™
Solvent A was composed of ultrapure water and glacial acetic
acid (99:1 v/v) and Solvent B was composed of methanol,
water and acetic acid (85:14:1 v/v). The sample volume was
20 pL, the compounds of the samples were identified by
comparison of their retention times with the retention times
of the standards, and they were quantified by external
calibration at a wavelength of 272 nm. For the preparation of
the analytical curve of trigonelline and caffeine standards,
stock solutions of each compound were prepared at
concentrations equal to 1 mg mL7. Dilutions of these
solutions to concentrations between 0.01 and 0.7 mg mL"’
were used to prepare the standard curves.

The identification and quantification of sugars (glucose,
fructose and sucrose) in the extracts were accomplished
according to the method of Lopes et al. (2020) using the same
equipment and the same stationary phase mentioned above.
The mobile phase, consisted of sulfuric acid 0.005 M, and the
flow rate was 0.5 mL min™'. The sugars were identified from
the comparison of their retention times with the retention
times of the standards and they were quantified by external
calibration.

Acaricide activity

Engorged Rhipicephalus microplus females were manually
collected from naturally infested cattle in the region of
Lavras, MG, Brazil that had not received any type of
acaricide treatment in the thirty days prior to the
experiment. The ticks were taken to the Parasitic Biology
Laboratory (BIOPAR) of the Department of Veterinary
Medicine at UFLA, Minas Gerais, Brazil, washed in running
water, dried on absorbent paper and divided into groups of
ten individuals, according to their weight, for the experiment
(Reis et al., 2021). The tick test was performed using the Adult
Immersion Test according to a modification of the method of
Drummond et al. (1973).

The selected ticks were weighed and divided into groups of
ten individuals of homogeneous weight. In control groups,
ticks were exposed to distilled water (CI) and to 20% to 0.01%
Tween (ClI). In the treatment groups, ticks were treated with
concentrations of green and roasted coffee extracts,
equivalent to 7.8 (TI); 15.6 (T2); 31.25 (T3); 62.5 (T4) and 125
(T5) mg mL7" diluted in 0.01% Tween solution. Ticks from
each group were immersed for five minutes in beakers
containing 10 mL of each solution described above, both for
Control and Treatment Groups. The ticks were dried with a
paper towel, placed in Petri dishes under ambient conditions,
and monitored for seven days. Ticks that did not respond to
COz2 and stimulation of the underside were considered to be
dead.

Acetylcholinesterase inhibitory activity

The test of acetylcholinesterase inhibition was performed
according to the method of Ellman et al. (1961). For the
activation of the enzyme, 2970-uL aliquots of Tris-HCI buffer
(composed of HCI, NaCl and MgCl26H20) and 254 pL of
acetylcholinesterase enzyme solution (0.04 U mL™") were
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added to a test tube and incubated at 37 °C for five minutes.
Then, 25 pL of extract samples at concentrations of 0.25, 0.5,
1.0, 10, 50 and 100 mg mL"; 100 pL of Ellman's Reagent and
80 pL of substrate were added, and the mixture was
incubated again at 37 °C for fifteen minutes. The absorbance
of the samples was measured in a spectrophotometer at a
wavelength of 412 nm (Shimadzu UV-1601PC).

For the purpose of comparison, Negative and Positive
Controls were performed for each sample, where the samples
were replaced by ethanol and equivalent dilutions of
carvacrol, respectively. To compensate for spontaneous
hydrolysis of acetylthiocholine, non-enzymatic controls were
performed for each sample, where the enzyme was replaced
by Tris-HCI buffer. The tests were performed in three
repetitions, and the percentage of enzymatic activity was
calculated according to Equation 2.

AT - AC
Ao

@

A%) = ( ) 1100

where A is the percentage absorbance; At is the absorbance
of the treatment containing the extract/positive control; Ac
is the absorbance of the non-enzymatic control; and Ao is the
absorbance of the negative control.

Statistical analysis

Data from the yield and AChE inhibitory activity were
analyzed using the SISVAR® software to assess whether
significant differences existed between treatments, with
means compared by the Tukey test and the Scott-Knott test
at 5% significance (Ferreira, 2011).

Conclusions

The acaricide activity obtained with the use of the extracts
at concentrations between 7.81 and 125 mg mL7 was
satisfactory, with gradual mortality during the following
days of the experiment. The decrease in oviposition of
individuals treated with roasted coffee extracts was
noticeable at the aforementioned concentrations, whereas
egg laying decreased only at 125 and 62.5 mg mL™ with the
green coffee extracts.
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