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ABSTRACT - Due to the concern with the contamination of food by pesticides, especially coffee, the aim of this study was
to analyze the chemical composition and glyphosate residue in Conilon coffee beans with and without defects and harvested at
different times after applying the herbicide. The experiment was in a split-plot design, with the presence or absence of defects
in the beans comprising the subplots, and the periods of 15, 30, 45 and 60 days after applying the herbicide corresponding to
the split plots. We analyzed the volatile compounds, bioactive compounds, and glyphosate residue in the beans. Regardless
of the presence or absence of defects, there was an increase in the concentrations of bioactive compounds in the raw Conilon
coffee beans as the interval between applying the herbicide and harvesting the beans was increased. The most abundant volatile
compounds per percentage area belonged to the pyrazines, furans and phenols. The amount of glyphosate residue found in the
beans exceeded the maximum detectable limit by the ELISA method regardless of the time between application and harvest, corresponding

to values that are unacceptable to several purchasing countries, and making the samples unsuitable for export and a risk to food safety.

Key words: Coffea canephora. Bioactive compounds. Volatile compounds. Herbicide.

DOI: 10.5935/1806-6690.20240047

Editor-in-Chief: Prof. Bruno Franca da Trindade Lessa - bruno.ftlessa@univasf.edu.br
*Author for correspondence

Received for publication 06/03/2023; approved on 04/09/2023
This work is extracted from the master’s thesis of the lead author, funded by the Fundagéo de Amparo & Pesquisa e Inovacéo do Espirito Santo (FAPES)
2Postgraduate program in Agrochemistry, Center for Exact, Natural and Health Science (CCENS), Federal University of Espirito Santo (UFES),
Alegre-ES, Brazil, priscilla.mcpeixoto@gmail.com (ORCID ID 0000-0002-9060-4187)
3Department of Physics and Chemistry, Center for Exact, Natural and Health Science (CCENS), Federal University of Espirito Santo (UFES),
Alegre-ES, Brazil, moreirava@yahoo.com.br (ORCID ID 0000-0001-5156-4568), luaparreira@hotmail.com (ORCID 1D 0000-0001-7041-9999)
“Regional Scientific Development (CNPg/FAPES), Center for Agrarian and Engineering Science (CCAE), Federal University of Espirito Santo (UFES),
Alegre-ES, Brazil, tafarelcolodetti@hotmail.com (ORCID 1D 0000-0002-9233-5988)
*Department of Agronomy, Center for Agrarian and Engineering Science (CCAE), Universidade Federal do Espirito Santo (UFES), Alegre-ES, Brazil,
leandropin@yahoo.com.br (ORCID ID 0000-0002-2995-8007), marcelo.tomaz@ufes.br (ORCID ID 0000-0002-5307-0219)



P. M. C. Peixoto et al.

INTRODUCTION

Brazil is the world’s largest producer and exporter
of coffee and is ranked second among countries in terms
of coffee consumption (ASSOCIACAO BRASILEIRA
DA INDUSTRIA DE CAFE, 2020). The state of Espirito
Santo is the second largest coffee producer in the country
and the largest producer of Conilon coffee (COMPANHIA
NACIONAL DE ABASTECIMENTO, 2021). According
to the Centro do Comércio de Café de Vitoria (2021),
part of the coffee from Espirito Santo is exported. In
January 2021, shipments of Conilon coffee reached
their third-highest monthly total since 1999, with the
export of 240 thousand bags.

The quality of the coffee is directly related to
the constituents of the raw beans, which, after roasting
and grinding, give the drink its flavor and aroma. It is
therefore important to identify the level of compounds
and the chemical composition of the beans, as these
help to determine the final quality of the product
(TAVARES; FERREIRA, 2006).

Weeds are usually found in coffee plantations.
By definition, a plant can be considered harmful if it
directly or indirectly harms a specific human activity
(SILVA; SILVA, 2007). Chemical control using
herbicides is the most common method for managing weeds.
Among the many different types of herbicides available on the
market, the most used are glyphosate-based (AMARANTE
JUNIOR et al., 2002; VAN BRUGGEN et al., 2018).

Glyphosate (N-(phosphonomethyl) glycine)) is an
herbicide that is traditionally classified as non-selective,
systemic and post-emergent, with rapid leaf absorption and
translocation in the plant via both the xylem and phloem
(AMARANTE JUNIOR et al., 2002; RODRIGUES;
ARROBAS, 2017). Many coffee growers adopt this
product due to its post-emergent feature that reduces the
need for labor (GAZZIERO; ADEGAS; VOLL, 2007).

However, the irrational use of these glyphosate-based
agrochemicals has raised concerns about environmental
and food contamination and compromised the sustainability
of the crops. It is therefore important to analyze the residue
in foods such as coffee to assess the degree of toxicity
ingested daily by consumers and ensure food safety, and to
gain an understanding of the chemical composition of the
coffee. In addition, such an investigation is of great interest
to Brazilian agribusiness and foreign markets such as the
European market, for which the Maximum Residue Limit
(MRL) is ten times lower than that authorized in Brazil.

The aim of this study was to analyze the chemical
composition and glyphosate residue in Conilon coffee
beans with and without defects and harvested at different
times after applying the herbicide.

MATERIAL AND METHODS

Characterization of the experimental area

The experimental area is located in the district
of Estrela do Norte, part of the rural area of the
municipality of Castelo in the southern part of the
state of Espirito Santo (ES), in southeastern Brazil,
at 20°34°19.6” S and 41°18°51, 7” W, and an altitude
of 126 m. The terrain is flat. The historical series for
the district shows an average annual precipitation of
1266 mm and an average annual temperature of 22 °C
(CLIMATE-DATA.ORG, 2020). The Conilon coffee
plants (Coffea canephora Pierre ex A. Froehner)
included six genotypes of early, intermediate and
late maturation to allow the harvest to be carried out
at different times. The plants were two years old and
spaced 3.0 x 1.2 m apart, with drip irrigation.

Experimental design

To study the chemical profile of the beans
and analyze the glyphosate residue in Conilon
coffee, a split-plot scheme was used in a completely
randomized design with three replications. The plots
corresponded to the two types of bean samples used
in the analysis, i.e. beans with and without defects.
The split plots corresponded to the four periods during
which the Conilon coffee beans were harvested after
the application of glyphosate (15, 30, 45 and 60 days).

Applying the glyphosate

The Roundup WG® commercial product was used
at the manufacturer-recommended dose of 3.0 kg. hat,
corresponding to 300 g per 20 L back sprayer tank
(Jactor®). The applications were carried out during
the morning, no later than 11 am, using a uniform
flat fan nozzle. The herbicide was applied in a single
dose throughout the experimental area to allow for
harvesting 15, 30, 45 and 60 days after application.

Collecting the bean samples

The beans were harvested from April to May 2020,
beginning when 85% of the fruit reached the cherry
stage of ripeness following application of the herbicide.
For each period, 10-L samples of cherry coffee were
collected and immediately taken to be sun-dried on
a suspended terrace until reaching a moisture level
of around 12% whb. After drying and processing, the
bean samples from each treatment were split into three
subsamples (replications), which were then separated
into samples with and without defects. The beans were
passed through nos. 9 and 10 (mocha) oblong (4 x 19 mm)
sieves (Pinhalense Produtos SA), to remove any impurities.
Defective beans were manually separated based on the
classification table for raw processed coffee beans, as per
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Normative Instruction 8, of June 11, 2003 (Ministério da
Agricultura, Pecudria e Abastecimento — MAPA).

Determining the levels of chlorogenic acid, trigonelline
and caffeine (bioactive compounds)

The levels of chlorogenic acid (5-CQA),
trigonelline and caffeine were analyzed in samples of
raw Conilon coffee beans by high performance liquid
chromatography (HPLC), employing the external
standard method. This was done using 40 g of ground
coffee and 150 mL of Mili-Q water at 90 °C. The
mixture was stirred in a magnetic stirrer for 15 minutes
and filtered. The filtrate was collected in a 50 mL
volumetric flask. After cooling to room temperature,
the filtrate was again filtered using a syringe containing
a 0.45 um membrane filter. The aqueous coffee extracts
were then transferred to 1mL vials.

The extracts were analyzed by HPLC using a
Shimadzu model Prominence-i chromatograph with a
Shimadzu C-18 Slim-pack VP-ODS reverse phase column
(250 mm long x 4.6 mm internal diameter). The system
was coupled to a Shimadzu model SPD-20A UV/VIS
spectrophotometric detector connected by a CBM-20A
interface to a microcomputer to process the data. The
analysis was carried out under the following conditions:
flow of 1 mL. min%; mobile phase: HPLC grade
methanol, Mili-Q water and HPLC grade acetic acid
at a ratio of 20:80:1; column temperature of 40 °C and
wavelength of 272 nm (ABRAHAO et al., 2008).

The levels of chlorogenic acid, trigonelline and
caffeine in the Conilon bean samples were quantified
simultaneously using the external standard method.
Solutions of known concentrations of the standards of
these substances, acquired from Sigma Aldrich, were
prepared, and analyzed under the same conditions as above.

Determining the volatile compounds

Headspace solid phase microextraction (HS-SPME)
was used on the roasted coffee beans to analyze the
volatile compounds, followed by gas chromatography
coupled with mass spectrometry (GC-MS). The beans
were subjected to a medium roast at a temperature range
of 185 °C to 200 °C using a Probat Leogap roaster.

Three grams of ground and roasted coffee
were weighed and placed in a headspace vial with a
magnetic screw cap and silicone septum. The vial was
then heated to 70 °C for 30 minutes.

The volatiles were collected by HS-SPME
using 50 um thick DVB/CAR/PDMS (Divinylbenzene/
Carboxene/Poldimethylsiloxane) fibre, and injected
into the Shimadzu GC-MS QP-PLUS-2010. An Rtx-5MS
fused silica capillary column (30 m long with an
internal diameter of 0.25 mm) was used, with helium

as the carrier gas at a flow rate of 1.67 mL.min%. The
temperature of the injector and detector was 250 °C
and 300 °C, respectively. The oven temperature followed
a linear program that began at 40 °C and increased by 3 °C
per minute until reaching 125 °C, at which it remained
for one minute; the temperature was then increased
by 10 °C per minute to 245 °C, which was maintained
for a further three minutes (PEREIRA et al., 2020).
To determine the chemical constituents, the resulting
mass spectra were compared with those from the
device library, including data from other studies and
the Kovats indices (ADAMS, 2007).

Determining the glyphosate in the bean samples

Glyphosate was extracted from the samples of raw
Conilon coffee beans, which were ground in a knife mill,
using the ELISA (enzyme-linked immunosorbent assay)
method acquired from Eurofins Abraxis.

We transferred 0.5 g of the ground sample to a 20 mL
bottle. We then added 10 mL of deionized water and vortexed
the mixture vigorously for 10 to 15 seconds. The sample
was then placed on a shaker at 40 rpm for 10 minutes.
After mixing, the sample was left to rest for two minutes,
when 1.5 mL of the extracted sample were aspirated into
a clean and suitably labeled 2.0 mL microcentrifuge tube
and centrifuged for five minutes.

Eight hundred pL of glyphosate sample diluent
was added to a suitably labeled 4 mL glass vial. Two
hundred pL of supernatant (after mixing and standing
for two minutes) was added to the glyphosate diluent
(2:5) and mixed for 15 seconds on a vortex mixer. The
standard and control samples were derivatized as per
the “‘Test Preparation’ section of the Glyphosate ELISA
Plate Kit User’s Guide. The ELISA test for analyzing
glyphosate residue in raw coffee beans has been patented
by the company without discriminating the solutions.

The analysis consists of two steps: the
derivatization procedure and the ELISA procedure using
the glyphosate plate, followed by analysis using the
ELISA plate. The derivatization step involves preparing
the derivatization reagent, adding the samples to the test
tubes, and then adding the buffer and the reagent. This is
followed by analysis using the ELISA plate.

During the second step of the ELISA procedure,
the standards and samples were added to the ELISA plate,
followed by the addition of the antibody solution. The plate
was left to react for 30 minutes before adding the enzyme
conjugate, which was then left to rest for a further 60
minutes. The plate was then washed using buffer wash
solution, and any remaining buffer in the wells was removed
by drying the plate on a stack of paper towels. The substrate/
color solution was added and left to act for 30 minutes. The
stop solution was then introduced. To measure the color, an
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absorbance reading was taken at 450 nm using an ELISA
microplate reader, and the results calculated.

A correction factor (x 100) was used to adjust the
ELISA results for the required dilution. Samples with
concentrations less than the standard of 7.5 ppb glyphosate are
considered below the quantifiable value, while samples with
concentrations > 400 ppb are considered above that value.

Statistical analysis

Homogeneity of variance and error normality
were checked as per Storck, Ribeiro and Cargnelutti
Filho (2011). Data on the trigonelline, chlorogenic acid
and caffeine concentrations were submitted to analysis of
variance (ANOVA) by F-test (p < 0.05). When there was
a significant effect for the source of variation, Tukey’s test
(p < 0.05) was used to compare the mean values between
the samples with and without defects. Regression analysis
was used to determine the mean values as a function of the
periods between applying the glyphosate and the harvest.
The regression model (first or second degree) was chosen
based on the significance of the angular coefficients and
the values of the coefficients of determination (R?). The
SISVAR statistical software was used (FERREIRA, 2011).

Principal Component Analysis (PCA), a
technique of multivariate analysis, was carried out on
volatile compounds from the samples with and without
defects (harvested 15, 30, 45, and 60 days after applying
the glyphosate) based on the mean peak areas of the
compounds, using the GENES statistical software
(CRUZ, 2013). To standardize the data, the expression:
X, = X,/ox was used, where X, is the standardized mean
of the variable, X, is the original mean of the variable,
and ox is the standard deviation of variable X..

RESULTS AND DISCUSSION

Bioactive compounds

The retention time identified for each of the
compounds was 15 minutes for chlorogenic acid (5-ACQ),
13.5 minutes for caffeine and 2.76 minutes for
trigonelline. Significant effects (p = 0.05) were seen
for the concentrations of the three compounds in the
raw Conilon coffee beans based on the interactions
between sample type (with and without defects) and
the interval between applying the glyphosate and
harvesting the fruit (15, 30, 45, and 60 days). Figure 1
shows a breakdown of the factors.

The concentrations of chlorogenic acid in the bean
samples with no defects did not adjust to the regression
models under study (first and second degree). As such, the
value shown corresponds to the mean value (60.4 pg. mL?).

For the bean samples with defects, the data adjusted to the
first-degree linear regression model, with increases
in the concentration of the compound as the interval
between applying the glyphosate and the harvest
increased (Figure 1A). Figure 1B shows significant
differences between the beans with and without
defects harvested at 15, 45, and 60 days after applying
the glyphosate. Samples with no defects had a higher
concentration of chlorogenic acid at 15 and 45 days,
while samples with defects had a higher concentration
at 60 days. There was no significant difference in the
concentration of chlorogenic acid for the different
types of bean samples 30 days after application.

Organic acids, such as chlorogenic acid, are
important compounds for the quality of the coffee
in certain concentrations and are recommended
as selection criteria for improving the quality
(GUERRERO; SUAREZ; MORENO, 2001).

The caffeine concentration in the bean samples with
and without defects adjusted to the first-degree regression
models, where an increase in the concentration of the
compound was seen as the interval between applying
the glyphosate and the harvest increased (Figure 1C).
Figure 1D, shows significant differences between coffee
with and without defects harvested 45 and 60 days after
applying the glyphosate, with higher concentrations
of caffeine found in the samples with no defects.
According to Monteiro and Trugo (2005), caffeine
remains stable while roasting the beans, and despite
being odorless, is bitter, which may favor this sensory
attribute.

Trigoneline concentrations in samples with
and without defects adjusted to the first-degree linear
regression model, with an increase in the concentration
of the compound as the interval between applying the
glyphosate and the harvest increased (Figure 1E). In
Figure 1F, there were significant differences between
samples with and without defects harvested 15 and 30
days after application, where higher concentrations of
trigonelline were seen in the samples with defects.

Trigonelline is a nitrogenous compound found
in unripe fruit and is important for the flavor and
aroma of the coffee. It is responsible for the formation
of degradation products during the roasting process,
which are crucial for the aroma. (MONTEIRO;
TRUGO, 2005; MORAIS et al., 2008; VIGNOLI et al.,
2014).

The results show that the concentration of
caffeine and trigonelline in raw Conilon coffee beans
tends to increase when the interval between applying
the glyphosate and harvesting the beans is increased,
regardless of the presence or absence of defects.
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Figure 1 - Chlorogenic acid, caffeine and trigonelline concentrations in samples of Conilon coffee with and without defects,
as a function of the interval between applying the glyphosate in the experimental area and harvesting the fruit (Castelo, ES;
altitude 126 m; 2020 harvest). Regression analysis for the concentrations (pug. mL?) of chlorogenic acid (A), caffeine (C) and
trigonelline (E) in samples of raw Conilon coffee beans with and without defects, as a function of the interval between applying
the glyphosate and the harvest (15, 30, 45 and 60 days). Comparison test of the mean values for the concentrations (ug. mL?) of
chlorogenic acid (B), caffeine (D) and trigonelline (F) between samples of raw Conilon coffee beans with and without defects,
for each day after the applying the glyphosate (15, 30, 45 and 60 days)
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Coffee quality is normally evaluated using criteria
that include determining the number of defects and the size
of the beans (MATIELLO, 1998). However, the quality
is also associated with different physical and chemical
components, which are responsible for the flavor, texture,
bitterness and characteristic aroma of the coffee. Important
among these components are the organic acids profile, and
the levels of soluble solids, 5-caffeoylquinic chlorogenic
acid, caffeine (PIMENTA, 2003) and trigonelline
(FIGUEIREDO et al., 2013).

Volatile compounds

Thirty-three volatile compounds were identified
in the roasted coffee using the Kovats index and by
analyzing their respective mass spectra obtained
from the GC-MS library (Table 1). These compounds
belong to different classes, including carboxylic acids,
alcohols, ketones, phenols, furans, pyrazines and others
that remain unidentified. Nascimento et al. (2007) also
identified some of these compounds belonging to the
pyrazine, furan and phenol classes in Conilon coffee.

Roasting the coffee beans causes physical,
chemical and sensory changes in the matrix. The
intensity and type of these changes depend primarily
on the chemical composition of the beans, as well as
the time taken, and the temperature applied during
the process. This procedure leads to the degradation,
formation, and volatilization of various compounds
(RODARTE et al., 2009).

Pyrazines are compounds found in food that has
undergone thermal processing. They are responsible for
the aroma of the food, but degrade during prolonged
roasting, and are characteristic of light and medium
roasts (CLARKE; MACRAE, 1985; FLAMENT;
ENGELHARDT, 2002). In this study, the class of
pyrazines represented between 19.2% and 28.6% of
the total areas of the analyzed chromatograms. The
compounds methypyrazine, 2.5-dimethylpyrazine, and
3-ethyl-2.5-dimethylpyrazine were found with a greater
percentage area in each of the samples under analysis,
methypyrazine being the most abundant in the bean
samples with no defects.

From 12.1% to 5.8% of the total area of the
chromatogram corresponded to furan compounds.
According to Czerny, Mayer e Grosch (1999) and Akiyama
et al. (2005), in roasted coffee, the furan and pyrazine
compounds are not only the principal compounds, but also
the main contributors to the aroma.

Ketone compounds identified in the samples
represented only 1.0%—4.1% of the area of the chromatogram,
making it the least abundant class in terms of chromatogram
area. Bandeira et al. (2009) found an abundance of ketone
compounds together with aldehydes and pyrazines.

The number of phenols varies depending on the
degree of roasting and the type of coffee. In the case of C.
canephora and darker roasts, there was a greater number
of phenolic compounds (CLARKE; MACRAE, 1985;
MOREIRA; TRUGO; MARIA, 2000).

Only one phenol compound was identified:
4-ethylguaiacol. Toci and Farah (2008) identified the
following potential PVA defect markers in roasted coffee:
pyrazine, 2,3-butanediol meso, 2-methyl-5-(1-propenyl)
pyrazine, hexanoic acid, 4-ethylguaiacol and p-cresol
isopropyl sulfite. In this study, there was a greater
concentration of 4-ethyguaiacol in defective beans, which
is consistent with the literature. Bandeira et al. (2009)
found that the classes of volatile compounds seen in the
defects represented their formation process and, therefore,
confirmed the hypothesis that it is possible to identify
compounds as markers of specific defects. According to
the same authors, it is possible to differentiate the main
defects of raw and roasted beans using headspace analysis.

Alcohols were also represented by only one
compound: 1.2.3-Propanetriol diacetate. According to
Flament (2002), the compounds in raw beans that stood out
in order of abundance were alcohols, carboxylic acids, esters
and ketones (primary compounds), while in roasted beans the
classes were pyrazines, furans, ketones, pyrroles, pyridines
and esters (secondary compounds). Bandeira et al. (2009)
also identified more alcohol compounds in raw beans than
in roasted beans, corroborating the present study.

Figure 2 displays the results of the dispersion of 33
volatile compounds in the samples with and without
defects. The biplots were obtained through Principal
Component Analysis using standardized data and the
mean percentages of the peak areas of each compound.

The first two principal components (PC) of the
bean samples with defects were responsible for 83.96%
of the total variation in volatile compounds as a function
of the interval between applying the glyphosate and the
harvest (15, 30, 45, 60 days), where PC1 was responsible
for 51.42% and PC2, for 32.54% of the variation in
the data. For the samples with no defects, the first two
principal components were responsible for 81.06% of the
total variation in volatile compounds as a function of the
interval between applying the herbicide and the harvest,
where PC1 corresponded to 51.80% and PC2 to 29.26%.

When analyzing the biplot of the samples with
defects, it was found that certain compounds showed a high
correlation with each other, resulting in simultaneous increases
or decreases, especially Trimethylpyrazine [16], 2-ethyl-3-
methylpyrazine [17] with 2,3-dimethyl-5-ethylpyrazine [20];
Ethylpyrazine [9] with 1,2-Benzenedicarboxylic Acid [32];
2-ethyl-5-methylpyrazine [15] with hexadecanoic acid [33];
2,3-dimethylpyrazine [10] with 1-(2-furanylmethyl) [24];
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Table 1 - Volatile compounds and their classes identified in samples of Conilon coffee with and without defects, at different intervals
between applying the glyphosate in the experimental area and harvesting the fruit (Castelo, ES; altitude 126 m; 2020 harvest)

Area (%)
15 days 30 days 45 days 60 days
Class Compound With defects ~ Nodefects ~ With defects  Nodefects ~ With defects Nodefects ~ With defects ~ No defects
Methylpyrazine 4.983 5.089 4.138 5.050 6.145 7.349 5270 6.227
2.5-dimethylpyrazine 3.469 3.308 3.259 3.493 3.538 4.168 2.466 3.984
2.6-dimethylpyrazine 1.565 1711 1.322 1.113 1.824 1.520 0.934 1.500
Ethylpyrazine 1.275 1.245 1.253 1.030 0.756 1.356 0.789 1.204
2.3-dimethylpyrazine 0.597 0.500 0.286 0.398 0.661 0.421 0.249 0.383
2-ethyl-6-Methylpyrazine 4.088 - 4.660 4.463 - 3.542 3.130 5.019
. 2-ethyl-5-Methylpyrazine 1.778 1.615 1.583 1.947 1.110 1.430 1.330 2431
Pyrezine Trimethylpyrazine 1.158 1.077 1.150 0.739 0.911 0.817 0.518 1.030
2-ethyl-3-methylpyrazine 1.444 1.210 1.364 1.209 1.077 1.001 0.748 1.017
3-ethyl-2.5-dimethylpyrazine 5.204 4.369 6.034 5.042 4.489 6.700 5.002 5.581
2.3-dimethyl-5-ethylpyrazine - 0.490 0.817 0.566 0.602 0.661 - 0.709
2.3-diethyl-5-methylpyrazine - - 0.741 0.496 - 0.699 0.393 0528
3.5-diethyl-2-methylpyrazine 0.524 0.642 0.955 0.797 - 0.821 0.741 0.875
2-1soamyl-6-methylpyrazine 1.000 0.943 1.447 0.939 1.024 1.429 1.282 1.123
Total pyrazines 25.964 19.624 26.210 23.347 19.207 28.585 18.480 27.993
3-(2H)-Furanone. dihydro-2-methyl 0.492 0.467 0.327 0.318 0.632 0.554 0.459 0.429
Furfural 3.155 3.119 3.674 2.757 2.406 3.859 4.091 3.752
Furan 2-furanmethanol 5521 5.787 3.538 5.004 5.615 5.074 5.383 5.543
2-Furancarboxaldehyde. 5-methyl 2.655 2.846 3.075 2.667 4.039 4541 3.988 3.281
1-(2-furanylmethyl) 1.455 1234 1.347 1372 1533 1.744 1.313 1.021
Total furans 13.278 13.453 11.961 12.118 14.225 15.772 15.234 14.026
Butanoic acid. 3-methyl - - 0.130 - 0.061 0.091 0.149 0.137
Benzoic acid. 2-hydroxy 4.074 4.298 5.023 4.161 2433 3.657 3.155 3.095
Carboxylic acid

1,2-Benzenedicarboxylic acid 0.664 0.656 0.980 0.307 0.168 0.038 - 0.108

Hexadecanoic acid 0.186 0.150 0.594 0.576 0.306 0.027 0.144 -
Total carboxilic acids 4.924 5.104 6.727 5.044 2.968 3.813 3.448 3.340
2-Propanone 1.332 1.255 0.761 0.914 2.333 1411 1.155 0.950
Ketone 2-butanone 0.305 0.378 0.273 0.189 0.606 0.490 0.275 0.265
Ethanone 1.380 1217 - 0.928 1.153 - - 0.622
Total ketones 3.017 2.850 1.034 2,031 4,092 1.901 1.430 1.837
Phenol Phenol. 4-ethenyl-2-methoxy (4 — ethylguaiacol) 13.256 11.746 15.446 14.109 14.286 13.834 16.098 14.367

Alcohol 1.2.3-Propanetriol. diacetate 6.325 5.277 4.665 6.119 7.585 3.132 - -
N-benzylidene-dimethylammonium chloride 0.138 0.106 0.160 0.082 - 0.083 0.122 0.057

Maltol - 1.050 - 0.877 1.025 - 0.577 -
Others Triacetin 5.755 5.323 5.970 6.816 7.581 3.119 7.196 5.159
Delta-Cadinene 0.301 0.266 0.131 - - - 0.745 0.645
Caffeine 5.586 4.358 4.343 7.263 4.155 1.472 5.933 3.388
Total others 11.780 11.103 10.604 15.038 12.761 4674 14.573 9.249
Unidentified 21.456 30.843 23.353 22.194 24.876 28.289 30.737 29.188

3-(2-H)-Furanone, dihydro-2-methyl [1], 2-Propanone [6] with
2-Butanone [13]; Methylpyrazine [2] with 2-furanmethanol
[5]; Delta-Cadinene [30], Caffeine [31], Phenol, 4-ethenyl-2-
methoxy [27] with Butanoic acid, 3-methyl [4]. On the other
hand, various compounds showed an inverse correlation,

with one increasing as the other decreased, namely:
Ethylpyrazine [9] with 1,2-benzenedicarboxylic acid
[32] in detriment to 2-furancarboxaldehyde, 5-methyl
[12] and Triacetin [29]; Delta-Cadinene [30] with
2,5-dimethylpyrazine [7]; Caffeine [31] and Phenol,
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4-ethenyl-2-methoxy [27] with 1,2,3-Propanetriol
diacetate [28]; Maltol [21] with Benzoic acid, 2-hydroxy
[26]; Methylpyrazine [2] and 2-furanmethanol [5]
with 3-ethyl-2,5-dimethylpyrazine [19]; 2-Propanone
[6] and 2-Butanone [13] with 3,5-diethyl-2-
methylpyrazine [23]; 2,3-dimethylpyrazine [10] and
1-(2-furanylmethyl) [24] with Furfural [3].

Compounds with a high positive correlation were
also seen in the samples with no defects: Ethylpyrazine
[9] with 1-(2-furanylmethyl) [24]; Methylpyrazine [2],
Furfural [3] and 2-lsoamyl-6-methylpyrazine [25];
2,5-dimethylpyrazine [7] with 3-ethyl-2,5-dimethylpyrazine
[19]; 2,3-dimethyl-5-ethylpyrazine [20] with 2,3-diethyl-
5-methylpyrazine [22]; Phenol, 4-ethenyl-2-methoxy
[27] with 2-ethyl-6-methylpyrazine [14]; Triacetin [29],
Hexadecanoic Acid [33] and Caffeine [31]; Benzoic acid,
2-hydroxy [26] with 1,2-benzenedicarboxylic acid [32];
2-furanmethanol [5] with 2,3-dimethylpyrazine [10];
2-ethyl-3-methylpyrazine [17] with 1,2,3-Propanetriol
diacetate [28]; 2,3-dimethylpyrazine [10] compounds
with 1-(2-furanylmethyl) [24]; 2-Furanmethanol [5]
with Phenol, 4-ethenyl-2-methoxy [27]; Benzoic
acid, 2-hydroxy [26] and 1,2-benzenedicarboxylic
acid [32] with 2,3-dimethyl-5-ethylpyrazine [20];
1,2,3-Propanetriol diacetate [28] and 2-ethyl-3-
methylpyrazine [17] with butanoic acid, 3-methyl [4];
Maltol [21] with 2,5-dimethylpyrazine [7]; Ethanone [18]
with 3-ethyl-2,5-dimethylpyrazine [19] while 3,5-diethyl-
2-methylpyrazine [23] showed a negative correlation with
N-benzylidene-dimethylammonium chloride [11].

The 33 compounds showed different dispersions
depending on the type of sample (with and without defects)
and the number of days after applying the glyphosate
(15, 30, 45 and 60 days). In other words, there was no
trend between the values for peak area in compounds of a
given class as a function of the type of sample. However,
it was noted that, in addition to most compounds belonging
to the class of pyrazines, they showed a strong correlation
with each other. This correlation was seen in samples with
and without defects, meaning they displayed areas of higher
or lower peaks simultaneously.

Glyphosate residue

Table 2 shows the absorbance values, coefficients of
variation and results after applying the ELISA method for
measuring glyphosate. Glyphosate residue was detected in
all samples where the herbicide was applied, exceeding the
maximum detectable limit for the method used, of 400 ppb.
Based on these results, it is important to pay attention to the
limits for glyphosate residue in coffee beans. The maximum
limit was exceeded even for the longest interval between
applying the herbicide and the harvest (60 days), raising
concerns about food safety.

Figure 2 - Principal component analysis (PCA) of the volatile
composition of Conilon bean samples with and without defects,
and the interval between applying the glyphosate and harvesting
the fruit (Castelo, ES; altitude 126 m; 2020 harvest)
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PC1 (51.80%)
3-(2H)-Furanone. dihydro-2-methyl (1); Methylpyrazine (2); Furfural
(3); Butanoic acid. 3-methyl (4); 2-furanmethanol (5); 2-Propanone (6);
2,5-dimethylpyrazine (7); 2,6-dimethylpyrazine (8); Ethylpyrazine (9);
2,3-dimethylpyrazine (10); N-benzylidene-dimethylammonium chloride
(11); 2-Furancarboxaldehyde. 5-methyl (12); 2-Butanone (13); 2-ethyl-6-
methylpyrazine (14); 2-ethyl-5-methylpyrazine (15); Trimethylpyrazine
(16); 2-ethyl-3-methylpyrazine (17); Ethanone (18); 3-ethyl-2,5-
dimethylpyrazine (19); 2,3-dimethyl-5-ethylpyrazine (20); Maltol
(21); 2,3-diethyl-5-methylpyrazine (22); 3,5-diethyl-2-methylpyrazine
(23); 1-(2-furanylmethyl) (24); 2-lsoamyl-6-methylpyrazine (25);
Benzoic acid. 2-hydroxy (26); Phenol. 4-ethenyl-2-methoxy (27);
1.2.3-Propanetriol. diacetate (28); Triacetin (29); Delta-Cadinene (30);
Caffeine (31); 1,2-Benzenedicarboxylic acid (32); Hexadecanoic acid (33)
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Table 2 - Results of the analysis of glyphosate residue in samples of raw Conilon coffee beans

Sample/Control Absorbance CV (%) Result (ppb)

Control 0.729 6.402 -

60 days - no defect 0.194 11.664 > 400
60 days — with defects 0.0925 5.351 > 400
45 days - no defect 0.181 16.408 > 400
45 days - with defects 0.1485 8.095 > 400
30 days - no defect 0.275 12.342 > 400
30 days - with defects 0.1375 1.543 > 400
15 days - no defect 0.193 0.000 > 400
15 days - with defects 0.1205 0.587 > 400

CV - coefficient of variation

Researchers used the ELISA method in a published
study to measure glyphosate levels in samples of water,
food (including coffee) and human urine. The results
showed that the water samples contained undetectable
or very low levels of glyphosate (< 0.08 ppb). On the
other hand, in addition to glyphosate being detected in
human urine, the food samples showed varying levels of
glyphosate contamination. Especially coffee powder, that
presented 11 and 26 ppb in two samples and was among
the foods with the highest concentrations of glyphosate
(JOHN; LIU, 2018). In the present study, the bean samples
had levels greater than 400 ppb, showing them to be
contaminated by this residue.

For each registered agrochemical there is a
maximum residue limit (MRL). In Brazil, the MRL of
each active ingredient is defined by the Brazilian Health
Regulatory Agency (Anvisa) and is based on scientific
studies. However, the limit for glyphosate varies from
country to country due to the different conditions of
production. It is important to consider the MRL accepted
by each of the purchasing countries, as well as correct
agricultural practices and the rational use of agrochemicals.
This is particularly important for Brazil, a major coffee
exporter, to ensure that Brazilian coffee does not exceed
the authorized MRL.

In 2019, Anvisa completed a reassessment of
glyphosate, defining it as safe for use in the country and
maintaining the MRL in coffee at 1 mg.kg* (AGENCIA
NACIONAL DE VIGILANCIA SANITARIA, 2019).
Since 2013, the MRL for glyphosate in coffee in
the European Union (EU) has been 0.1 mg.kg!
(BOMBARDI, 2017), a limit 10 times lower than in Brazil.

Based on the analysis of glyphosate residue
using the ELISA technique, it was found that all
Conilon bean samples treated with the herbicide

exceeded quantifiable limits. As a result, these bean
samples are not suitable for export to the EU as they
present residual levels at least four times higher than
the maximum acceptable limit for EU countries.

CONCLUSIONS

1. There was an increasing trend in the concentration of
caffeine and trigonelline in raw Conilon coffee beans
regardless of the presence or absence of defects as the
interval between applying the glyphosate and harvesting
the fruit increased,;

2. Thirty-three volatile compounds were identified in
the beans, especially pyrazines, furans, and phenols,
confirming their abundance in Conilon coffee. Pyrazine
compounds showed a high positive correlation with each
other in beans with and without defects. However, there
was no relationship between the composition of the
volatile compounds and the interval between applying
the glyphosate and harvesting the beans.

3. Residual levels of glyphosate exceeding the maximum
limits quantifiable by the ELISA method were found in
the raw Conilon coffee beans. This highlights concerns
about coffee safety, as even in samples with a longer
interval between applying the herbicide and the harvest
(60 days), the residual limits could not be quantified. In
addition, such high residual levels make it impossible to
export these coffees to consumer markets such as the EU,
as they present high levels of glyphosate contamination.
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