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Ochratoxin A (OTA) in coffee is associated with serious health problems and significant economic loss. The state
of Chiapas is the top coffee producer in Mexico, accounting for 41.3% of the national production, and the second
largest organic coffee-producing area worldwide. Due to the lack of information about the OTA content in
Chiapas coffee, 100 coffee samples from Chiapas were collected and classified according to their variety, type
(roasted or nonroasted), processing and cultivation, in the 2017/2018 cycle. The average OTA concentration in
97 of the analyzed samples was 0.41 pg/kg. OTA was not detected in 52% of the samples; in 45% of the samples,
the concentration ranged between 0.05 and 3.4 pg/kg, below the limit of European regulations (<5 pg/kg), and
in only 3% of the samples did the OTA values exceed the European regulations. The statistical analysis revealed
that the prevalence of OTA depends on the variety, type, and processing (p < 0.05). No significant differences
were observed between organic and conventionally cultivated coffee. In instant coffee (produced domestically),
the average OTA concentration in 14 samples was 0.93 pg/kg. The probability of finding OTA in instant coffee is
higher than that in Chiapas coffee. These results suggest that the prevalence of OTA in coffee from Chiapas is low
and that it is less likely to be found in wet-processed, roasted, arabica coffee.

1. Introduction

Ochratoxin A (OTA) is a secondary metabolite produced by fila-
mentous fungi, mainly those of the Aspergillus and Penicillium genera. It
can be found in various foods, such as cereals, nuts, spices and coffee. It
has well-known nephrotoxic, immunosuppressive, teratogenic and
carcinogenic activities, representing a serious health and food safety
problem, in addition to causing significant economic losses (Codex
Alimentarius, 2013; Heussner & Bingle, 2015; IARC, 2002; JECFA,
2007). Few countries regulate the concentration of OTA in coffee
(Duarte et al., 2010). European regulations have established the
permitted levels of OTA at <5 pg/kg and <10.0 pg/kg in roasted and
soluble or instant coffee, respectively (European-Commission, 2006).

Coffee is a widely consumed beverage, appreciated for its chemical

* Corresponding author.

and organoleptic qualities and its physiological effects, with high eco-
nomic and social impact worldwide. In 2017, the foreign exchange
generated by the exportation of coffee was 20 billion US dollars (Inter-
national Coffee Organization (ICO), 2019). It is grown in more than 70
countries, including Mexico, which ranks eleventh in global production.
In 2017, Mexico produced 859,992 tons of green coffee, most of it from
Coffea arabica (95-97%) (SADER-SIAP, 2019). The varieties of coffee
that are cultivated conventionally in Mexico are arabica (arabica) and
canephora (robusta). Only the former is cultivated organically; the
robusta variety is dry-processed and mainly destined for the instant or
soluble coffee industry (CEDRSSA, 2018).

In Mexico, the state of Chiapas is the main producer of conventional
and organic coffee, contributing to 41.3% of national production
(SADER-SIAP, 2019). The average annual temperature varies between
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18 and 28 °C, while the average annual rainfall ranges from 1200 to
4000 mm, depending on the region, favoring the cultivation of coffee
and other agricultural products (INEGI, 2017). To date, no studies have
reported the prevalence of OTA in coffee grown and sold in Chiapas or
Mexico.

It has been shown that OTA contamination in coffee depends on
various factors, such as weather, geographical area (Benites et al.,
2017), harvest management, wet or dry postharvest processing (Bucheli
et al., 1998) and roasting (Castellanos-Onorio et al., 2011). Studies on
OTA in coffee of African, Asian, South American and Latin American
origin, particularly from Brazil, Colombia, Peru and Honduras, have
shown that American coffee has a lower frequency of contamination and
lower OTA concentrations (Benites et al., 2017; Romani et al., 2000).

Regarding processing and variety, it has been reported that the OTA
concentration is higher in dry-processed coffee of the robusta non-
roasted variety (dry cherries) (Khaneghah et al., 2019). In coffee from
the Philippines, the proportion of samples with OTA in the robusta va-
riety was 36.6%, while in arabica, the proportion was lower (21.6%),
with an average OTA concentration of 120.2 pg/kg in dry-processed
robusta cherries and 4.8 pg/kg in roasted robusta coffee. Moreover, in
the arabica variety, the OTA concentration was 46.7 pg/kg, and in
roasted arabica coffee, the OTA levels were below 5 pg/kg (Barcelo &
Barcelo, 2018). In robusta coffee of the same origin, the average con-
centrations of OTA in ripe cherries (red coffee cherries) and in dry and
green coffee were 32.86, 56.77, and 13.10 pg/kg, respectively (Culliao
& Barcelo, 2015), which indicates that under any condition, the OTA
concentration in nonroasted robusta coffee exceeds that allowed by
European regulations. Moreover, in Brazilian coffee, it has been reported
that the OTA concentration in the arabica variety is higher in
dry-processed coffee (>5 pg/kg) than in wet-processed coffee (Batista
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et al., 2009).

The consumption of instant coffee is high due to the ease of prepa-
ration; however, this represents a risk due to the frequency of OTA
contamination (Casal et al., 2014). Some OTA concentrations reported
in instant coffee are 25.5 in South Korea (Lindenmeier et al., 2011), 7.25
in Chile (Galarce-Bustos et al., 2014), 1.99 in Argentina (Vanesa & Ana,
2013), 6.40 in Italy (Vecchio et al., 2012) and 5.71 pg/kg in Malaysia
(Lee et al., 2012).

This study aimed to quantify the concentration of OTA in coffee
commercialized in Chiapas State, Mexico; relate the prevalence of OTA
to the coffee variety (arabica or robusta), processing (wet or dry), type of
cultivation (organic or conventional) and coffee type (roasted or non-
roasted); and analyze the OTA content in nationally produced instant
coffee.

2. Materials and methods
2.1. Sample collection

One hundred coffee samples of approximately 1 kg were collected
during the 2017-2018 coffee growing cycle from markets in different
areas of Chiapas State, Mexico (coordinates: 17°59'08”N to 14°31'55"N
and 90°22'13"W to 94°08'21"W) (Fig. 1). Samples were stored in sealed
plastic bags for 2 weeks at room temperature (20-25 °C) and relative
humidity between 50 and 60% until OTA quantification. However, the
producers fulfill the requirements of the Official Mexican Standard for
coffee from Chiapas (NOM-169-SCFI-2007), which indicates moisture
levels < 6% for roasted coffee and 10-12% for non-roasted coffee.
Fourteen samples of different nationally distributed instant coffee
brands were also collected from supermarkets. Chiapas has a limited
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Fig. 1. Coffee sampling area in Chiapas State, Mexico.



number of instant coffee-processing plants, and the composition of the
coffee produced by these plants, in terms of variety and origin, is un-
known. All (100%) of the arabica or robusta coffee samples collected
were wet (W)- or dry (D)-processed, respectively. All robusta coffee
samples were cultivated conventionally.

2.2. Sample classification

The samples were classified according to variety (arabica (A) or
robusta (R)), coffee type (roasted (R) or nonroasted (NR)), cultivation
type (organic (O) or conventional (C)), and processing (wet (W) or dry
(D)). In addition, the samples were grouped as follows: ARC (arabica
roasted conventional), ANRC (arabica nonroasted conventional), ARO
(arabica roasted organic), ANRO (arabica nonroasted organic), RT
(robusta roasted), RNT (robusta nonroasted), CHIAPAS (all coffee
samples), INSTANT (instant coffee).

2.3. Treatment of samples

Each coffee sample was finely ground using a Moulinex® MC300132
180 W coffee grinder to obtain particles smaller than 0.5 mm.

2.4. OTA extraction and quantification

The OTA content of the coffee samples was analyzed according to the
methodology reported by Durand (2012). Alkaline extraction was per-
formed from 10 g of the ground coffee sample using methanol with the
addition of 3% sodium bicarbonate (50:50). The sample was shaken at
150 rpm for 30 min at 30 °C. The mixture was then centrifuged at 5000
rpm for 10 min at 5 °C. A 10 mL aliquot of the supernatant was diluted
with 30 mL of phosphate-buffered saline (PBS) at pH 7.3. This mixture
was added to an immunoaffinity column (Puri-Fast® OTA HCS IAC, Fr)
previously conditioned with 10 mL of PBS. The flow rate of the column
was set at 2 mL/min. When all the sample had been added to the column,
it was washed twice with PBS to eliminate impurities, and the OTA was
subsequently eluted with 3 mL of HPLC grade methanol. The recovered
fraction was completely evaporated under a nitrogen current at 70 °C.
The dry extract was reconstituted with 1 mL of a mixture of distilled
water/methanol/glacial acetic acid (30:69:1 v/v/v). The flow rate used
was 1 mL/min. OTA was quantified in an HPLC Shimadzu Prominence
UFCL-XR (Shimadzu Corp., Japan) equipped with a fluorescence de-
tector (Shimadzu RF—ZOA/XS) withxab =333 nm and}»em:460 nm. HPLC was
performed with a 1y hersi] ODS-2 (C-18, 250 x 4.6 mm, 5 pum, Thermo Fisher
Scientific®) reversed-phase column and a precolumn with the same

characteristics.
The injection volume was 50 pL. The OTA retention time was 6.6-7.2 min. The OTA

standard curve was prepared from a standard OTA stock solution (200 ng/mL: Sigma-

— Aldrich®); aliquots were diluted using a solution (methanol: water; 3:7: v:v) to reach nine

levels of OTA concentration (ranging from 0.25 to 80 ng/mL). Triplicate injections were
performed on each sample. The calibration data fit a linear regression model with a high

determination coefficient R2 equals 0.999. The final OTA concentrations in coffee samples

were expressed as pg/kg. The |imit of detection (LOD) was 0.05 2°d the limit of
quantification (LOQ) 0.15 ug/kg. Both parameters were calculated based on the signal-to-

noise ratio.

The OTA concentration was analyzed in coffee samples. A known
amount of OTA was added to these samples. The total concentration of
OTA was determined, and the recovery efficiency was estimated
considering the following expression: Recovery rate = ([OTA] experi-
mental/[OTA] theoretical) * 100. The Relative Standard Deviation
(RSD) and recovery rate of OTA were determined in triplicate showing
an RSD of 4.8% and experimental recovery of 85.3%.

OTA stability was determined in standard solutions and analyzed
coffee samples. In both cases, they were stored at room temperature and
refrigeration temperature (4 °C) for two months. After this time, a dif-
ference of 2% was determined to the initial concentration. Therefore,
OTA solutions were considered stable for two months. Duplicate

analyses were prepared from those samples exhibiting a high level of
OTA (>5 pgrkg); pertinent dilutions were considered during the
analysis.

2.5. Statistical analysis

The data were analyzed with descriptive statistics tools. Two * two
contingency tables were used to estimate the proportion of samples in
which OTA was present or absent. Fisher’s exact and chi-squared (y%)
tests were also used to confirm that the distribution of these proportions
differed between the categories of each variable (variety, type, process,
and cultivation). The Mann-Whitney U test was used to contrast the
medians of the concentrations in each category or group; NCSS® and
SPSS® packages were used. Values with p < 0.05 were considered sta-
tistically significant.

3. Results
3.1. Analysis of OTA in Chiapas coffee

The OTA content of the 100 Chiapas coffee samples grouped by va-
riety, type and cultivation is shown in Fig. 2. OTA was not detected in 52
samples; 45 samples were positive for OTA, with concentrations be-
tween 0.05 and 3.4 pg/kg; and in only 3 samples, the OTA concentration
exceeded the permissible limits set by European regulations (<5 pg/kg),
with values of 10.28, 12.50 and 148.62 pg/kg. The first of these three
was from the ANRO group, and the latter two were from the ARC group.
The average concentration in the 97 samples with and without OTA,
which met the limits established by European regulations, was 0.41 +
0.62 pg/kg. This result is relevant and shows that the coffee analyzed
had the desirable characteristics for consumption and exportation.
However, it should be noted that a high coefficient of variation and low
frequency were found for samples with OTA levels higher than 5 pg/kg,
which is the limit set by European regulations. The data for instant
coffee showed that 78.6% (n = 11) of the samples had OTA concentra-
tions within the limits set by European regulations (<10 pg/kg); OTA
was absent in only 21.4% (n = 3) of the samples (Fig. 2).
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Number of samples with or without OTA

ARO ARC ANRO ANRC RR RNR Instant
Coffee samples
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Fig. 2. Number of coffee samples with or without OTA grouped by their
characteristics. ARO: arabica roasted organic; ARC: arabica roasted conven-
tional; ANRO: arabica nonroasted organic; ANRC: arabica nonroasted conven-
tional; RR: robusta roasted; RNR: robusta nonroasted, instant.



3.2. OTA in Chiapas coffee

Analysis to compare the probabilities of the absence or presence of
OTA in coffee according to variety (arabica or robusta), type (roasted or
nonroasted), processing (wet or dry), and cultivation (organic or con-
ventional) was obtained with the 2 test by using the data for the 97
samples with OTA concentrations within the levels established by the
European Union. Of these, 52 samples (53.6% of the total) did not
contain OTA, and the OTA concentration in the remaining samples fell
within the limits of European regulations. The coffee samples without
OTA were designated as being of excellent quality, and samples with
OTA concentrations below European permissible limits OTA (<5 pg/kg)
were of acceptable quality. Fig. 3 shows the percentages of samples with
and without OTA, contrasting the two kinds of varieties, types, culti-
vation methods and processing methods through the y? test.

The proportions of coffee samples without OTA and with OTA (<5
pg/kg) showed significant differences (p < 0.05) between varieties,
types, and processing methods but not between cultivation methods.
OTA was absent in 11.1% of the robusta samples and 63.3% of the
arabica samples. This shows that robusta coffee is more likely to contain
OTA (<5 pgrkg) (88.9%) than arabica coffee (36.7%) (Fig. 3A). In a
comparison between roasted and nonroasted samples, the percentage of
nonroasted coffee without OTA was 15.4%, while the proportion for
roasted samples was almost 4 times higher at 59.5%; however, despite
the higher likelihood of finding OTA in nonroasted coffee, the OTA
content remained below the European limits (Fig. 3B).

Analysis of coffee samples by type of coffee bean processing (wet or
dry; Fig. 3C) showed a similar trend as that observed in the comparison
of varieties (Fig. 3A); this is explained by the fact that arabica coffee is
wet-processed while robusta is dry-processed. A comparison of the
prevalence of OTA between organically and conventionally cultivated
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coffee (Fig. 3D) showed no significant difference (p > 0.05). The esti-
mated proportions of samples without OTA in both cultivation types
differed by only five percentage units (57.9% for organic and 52.6% for
conventional); consequently, similar proportions were seen in the data
for samples with OTA (42.1% in organic and 47.4% in conventional).
A Mann-Whitney test was performed to compare the medians of OTA
concentration from the different samples grouped according to variety,
type, process and cultivation (Table 1). It was found that between coffee
varieties, robusta had a median OTA of 0.74 with a variance interval
between 0.05 and 1.0 pg/kg, and these values were significantly higher

Table 1

Analysis of the medians of OTA concentration based on variety (arabica or
robusta), coffee type (roasted or nonroasted), processing (wet or dry) and
cultivation (organic or conventional) (Mann-Whitney U test)™.

Variable Count Mean +SD  Median 95% LCL 95% UCL
(ng/kg (ng/kg of Median of Median
OTA) OTA)

Arabica/Wet 79 0.37 + 0 0 0
0.63

Robusta/Dry 18 0.60 + 0.74 0.05 1.00
0.55

Nonroasted 13 0.70 + 0.99 0.05 1.06
0.60

Roasted 84 0.36 + 0 0 0.02
0.62

Conventional 78 0.39 + 0 0 0.05
0.62

Organic 19 0.48 + 0 0 0.92
0.65

# Data did not have a normal distribution (p < 0.05). SD = standard deviation.
LCL = low control limit. UCL = upper control limit.
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Fig. 3. Percentage of coffee samples with or without OTA. Samples considered in these figures presented OTA concentrations below the European limit (<5 pg/kg).
(A) Variety (p < 0.05). (B) Coffee type (p < 0.05). (C) Process (p < 0.05). (D) Coffee cultivation type (p > 0.05).



than those for arabica. The same behavior was found in the comparison
between wet and dry processing, which was expected, given that all the
robusta samples were dry-processed and the arabica samples were wet-
processed. Regarding coffee type, the median OTA concentration of
roasted coffee was lower than that of nonroasted coffee, with a value of
0.98 and an interval between 0.05 and 1.06 pg/kg. No significant dif-
ferences were found in OTA concentration between conventional and
organic cultivation (p > 0.05). It is worth noting that the robusta sam-
ples and nonroasted coffee presented higher median OTA concentration
than the arabica samples, roasted coffee and both cultivation methods
(Table 1).

3.3. Comparison of OTA in instant coffee and Chiapas coffee

When comparing the proportion of OTA-containing samples in the
97 samples from Chiapas, referred to as ground coffee, with that in the
instant coffee samples, significant differences (p < 0.05) were observed;
the likelihood of finding samples without OTA was higher for ground
coffee (53.6%) than for instant coffee, in which estimated proportion of
samples without OTA was 21.4%.

The same behavior was observed when the percent distributions of
the instant coffee samples with and without OTA were compared to
those for the arabica variety and roasted coffee. The proportion of
arabica samples without OTA was 63.3%, and the proportion of roasted
coffee samples without OTA was 59.5%, while in instant coffee, this
value dropped to 21.4%. Furthermore, comparison of the data between
robusta coffee and instant coffee and between nonroasted coffee and
instant coffee showed no significant differences, and the likelihood of
finding OTA was similar. In a comparison of the medians of the OTA
concentration between instant coffee and ground coffee (Chiapas)
(Table 2) and between arabica coffee and roasted coffee, the value for
the instant coffee was higher at 0.99 with an interval of 0-1.37 pg/kg
OTA (p < 0.005). However, no significant differences were observed
among the medians of instant coffee, robusta coffee and nonroasted
coffee.

4. Discussion

The data collected showed the high quality of coffee traded locally
inside the state of Chiapas, despite the lack of OTA regulation in Mexican
coffee, in general, and in the Chiapas area in particular. The average
OTA concentration in 97% of the analyzed samples was 0.41 + 0.62,
with values as high as 3.4 but always below 5 pg/kg. Only 3% of samples
presented concentrations higher than the limits established by European
regulations (<5 pg/kg OTA).

In this study, the robusta variety and nonroasted coffee presented the
highest percentages of samples contaminated with OTA (89.9% and
84.6%, respectively); in addition, the highest average OTA concentra-
tion was 0.60 for robusta coffee and 0.70 pg/kg for nonroasted coffee.
These results show significant differences in the OTA content of arabica
coffee beans, with an average of 0.37, and in that of roasted coffee, with
an average of 0.36 pg/kg. Previous studies have shown that robusta
coffee has a higher incidence of OTA (Benites et al., 2017) and that OTA

Table 2
Analysis of the median OTA concentration of ground coffee (Chiapas) and
instant coffee (Mann-Whitney U test)®.

Variable Count  Mean + SD Median (pg/  95% LCL of  95% UCL of
(ng/kg kg OTA) Median Median
OTA)
Instant 14 0.93 £0.71 0.99 0 1.37
coffee
Ground 97 0.41 + 0.62 0 0 0.05
coffee

@ Data did not have a normal distribution (p < 0.05). SD = standard deviation.
LCL = low control limit. UCL = upper control limit.

tends to be present at higher concentrations in nonroasted coffee than in
roasted, ground coffee since the amount of toxin can be reduced during
the roasting process (Castellanos-Onorio et al., 2011; Suarez- Quiroz
et al.,, 2005). In ground, roasted robusta coffee commercialized in
Portugal, the reported OTA levels were between 0.79 and 1.56 pg/kg,
higher than those found in the analyzed Chiapas arabica coffee (trace
amount, 0.86 pg/kg). In coffee from India, the OTA contamination levels
in samples of dry-cherry robusta coffee (nonroasted) were determined,
and the maximum concentration found was 11.7 pg/kg; in green organic
coffee (nonroasted), the level was between 0.1 and 0.59 pg/kg, while in
roasted coffee, the mycotoxin was not detected (Gopinandhan et al.,
2007). Similarly, in ground, roasted robusta samples from the
Philippines, the OTA concentration found was 4.82 + 0.87 pg/kg, while
in green coffee (nonroasted) of the arabica and robusta varieties, the
average OTA concentration was 46.65 + 16.33 and 257 + 97.66 pg/kg,
respectively (Barcelo & Barcelo, 2018), and these values exceeded the
limits set by European regulations. The results show that the prevalence
of OTA in coffee from Chiapas is low and are consistent with the values
reported by Benites et al. (2017), who found that American coffee
samples had significantly lower frequency of contamination and OTA
levels—lower than those in coffee samples from African and Asian
coffee-producing countries—as a consequence of climatic and process-
ing conditions (Benites et al., 2017; Bucheli et al., 1998).

In this study, dry-processed coffee had the highest percentage of
samples with OTA (89.9%), containing an average of 0.60 and a median
of 0.74 pg/kg OTA, values that were significantly different from those
for wet-processed samples, which presented an average of 0.37 pg/kg
OTA. Taniwaki et al. (2003) studied the presence of OTA in terms of the
processing method, reporting that the OTA concentration in
dry-processed samples was higher (up to 100 pg/kg) than that in
wet-processed samples.

Regarding the samples of organic coffee and conventional coffee,
with and without OTA, our results (Fig. 3D) are consistent with those of
Fabiana et al. (2014) and de Fatima Rezende et al. (2013), who found no
significant differences between these cultivation systems in terms of the
risk of OTA contamination caused mainly by ochratoxigenic filamentous
fungi such as Aspergillus ochraceus. In other words, cultivation type is not
a factor that determines the presence of OTA in coffee, but coffee vari-
ety, processing, and coffee type (roasted or nonroasted) are determining
factors.

The instant coffee samples analyzed showed an average OTA content
of 0.93 pg/kg, higher than that in ground coffee (0.41 pug/kg OTA), and
78.6% of the samples contained OTA, which is almost double the per-
centage for ground coffee. In the literature, OTA concentrations ranging
from 0.1 to 25.50 pg/kg have been reported for instant coffee (Khane-
ghah et al., 2019).

In instant coffee samples commercialized in Chile, OTA was present
in 100% of the samples, with an average concentration of 1.80 in a range
of 0.28-5.58 pg/kg (Galarce-Bustos et al., 2014). In a study of 22 instant
coffee samples in Argentina, OTA was present in 77.3% of the samples,
with an average concentration of 1.99 in a range of 0.22-13.66 pg/kg
(Vanesa & Ana, 2013). In Italy, OTA was found in 95.5% of commer-
cialized instant coffee samples, with an average concentration of 1.27 in
a range of 0.32-6.40 pg/kg. Notably, the average OTA concentration in
Mexican instant coffee and its prevalence in the analyzed samples are
lower than those reported in the aforementioned countries, and
although OTA is present in Mexican coffee, the European limits are not
exceeded. It has been reported that OTA levels increase in this type of
coffee due to the concentration that occurs during the last stage of
processing (Galarce-Bustos et al., 2014). It has also been pointed out that
high levels of OTA in instant coffee may be a consequence of adultera-
tion with coffee husk, especially of the cherry, a fraudulent practice that
is sometimes used in the manufacture of instant coffee (Gopinandhan
et al., 2007). In addition to the above, it is known that mixtures of
dry-processed coffees, mainly robusta, with high OTA levels are used in
the preparation of instant coffee (Culliao & Barcelo, 2015; Duris et al.,



2010; Khaneghah et al., 2019), which can directly lead to high levels of
this mycotoxin in instant coffee. The instant coffee samples analyzed in
this work exhibited a low OTA concentration, which may indicate that
the coffees used in the preparation of these instant coffees contained low
OTA levels, as demonstrated in Chiapas coffee. The low prevalence of
OTA may be the result of adequate manufacturing practices during
coffee processing and the climatic and geographical conditions of the
coffee cultivation areas.

These results confirmed that coffee from Chiapas exhibits, under the
conditions of this study, a low OTA prevalence even when a large part of
the coffee that is sold locally in markets is made on a small scale. Often,
the coffee is not branded or registered with the health system and is not
subjected to rigorous quality controls, such as those used to regulate
exported coffee beans. Additionally, the quality of the coffee is directly
dependent on the practices used by the producers during processing,
storage and roasting, since the climatic and geographical characteristics
of the different coffee growing areas sampled are favorable for the
development of ochratoxigenic fungi (Batista et al., 2009; Benites et al.,
2017; Khaneghah et al., 2019).

5. Conclusion

Mexico is an exporting country, and Chiapas State is the primary
producer of organically and conventionally grown coffee. There have
been no studies on the prevalence of OTA in cultivated and commer-
cialized coffee in Chiapas. The evidence presented in this study showed
that the great majority of the coffee beans analyzed (97%) met European
regulations. The coffee cultivation method (organic or conventional) is
not a determining factor for the presence of OTA in coffee, but the va-
riety, type and processing are determining factors; i.e., dry-processed
roasted robusta coffee tends to present high OTA levels, but this level
is significantly lower than that in nonroasted robusta coffee. In addition,
instant coffee had higher levels of OTA than Chiapas coffee; however,
these levels were below 10 pg/kg and therefore met the European
standards for this type of coffee. It should be mentioned that even in the
conditions of poverty and high marginalization prevalent in the coffee-
growing areas of Chiapas, good cultivation and processing practices may
be closely related to the low levels of OTA in Chiapas coffee. The results
obtained in this work indicated that Chiapas coffee presents low OTA
levels, even lower than the limits established by European regulations,
confirming that its consumption is suitable in terms of food safety and
security, and this coffee presents desirable characteristics for con-
sumption and exportation. This study may serve as a guide for con-
sumers to choose coffee according to their preferences.
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