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KEYWORDS Abstract Coffee is a beverage that people enjoy a lot in their daily lives and is an integral part of
Coffee products; people’s social life. In this study, the detection of ochratoxin A (OTA) in coffee was carried out by
HPLC; High-performance liquid chromatography with fluorescence (HPLC-FLD) detectors. Furthermore,
Mycotoxins; the amount of ochratoxin A (OTA), Margin of exposure (MOEs), and Hazard quotient (HQ) in
Ochratoxin A; different types of coffees; instant, classic, and roasted coffee were calculated using Monte Carlo sim-
Risk Assessment ulation (MCS) method. The average OTA concentration was in the rage of 3.6 to 26.6 pg/kg. The

content of classic and instant coffee found to have.

OTA, is below the maximum limit defined by the European Union legislation. The maximum
limit for these two types of coffee is 10 pg/kg. The daily intakes of the OTA through classic and
instant coffee were also found to be lower than the Tolerance daily intake proposed by Joint
FAO/WHO Expert Committee on Food Additives (JECFA). MOEs (neoplastic effect) in adults
was classic coffee (171026) > roasted coffee (15390) > instant coffee (8549) and also MOEs
(non-neoplastic effects) in children was classic coffee (55790) > roasted coffee (5020) > instant cof-
fee (2789). Consumers of instant coffee are at cancer risk based on neoplastic effects and also con-
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sumers of instant coffee and roasted coffee are at cancer risk based on non-neoplastic effects (MOEs
lower than 10,000 value). HQ (nephrotoxic effect) in adults was instant coffee (0.132) > roasted
coffee (0.097) > classic coffee (0.012). HQ due to consumption of coffee products was lower than
1, hence consumers are at safe non-cancer risk. Therefore, it is recommended reducing the concen-
tration of mycotoxins in coffee products.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Human exposure to contaminated food is a global concern that neces-
sitates food safety assessments. Ochratoxin A (OTA) is considered the
second major group of mycotoxins after aflatoxin(Solfrizzo et al.,
2009, Woo and El-Nezami 2015, Mokhtarian et al., 2020). OTA is a
nephrotoxin produced by Aspergillus and Penicillium species with car-
cinogenicity in the kidneys (Sorrenti et al., 2013). Other toxic effects,
including hepatotoxicity, teratogenic and immune toxicity have been
reported with OTA(Solfrizzo et al., 2013, Podolska et al., 2017). The
human exposure is usually through food. Its half-life is also relatively
long in the body (Heussner and Bingle 2015).

Coffee is one of the major beverages consumed worldwide. The cof-
fee is rich in antioxidant component including flavonoids content. It
reduces the risk of some diseases including diabetes and cardiovascular
disease (Malir et al., 2014, Karami et al., 2022). Coffee is very valuable
but can be exposed to various pest and fungi (Paterson et al., 2014).
The most important factor limiting the coffee trade in the world is
its contamination with OTA. Extensive studies have shown that about
10 % of coffees are contaminated with OTA (Vatinno et al., 2008).
OTA in coffee is usually produced by Aspergillus Flavi, Aspergillus
Nigri, and Aspergillus Circumdati (Tozlovanu and Pfohl-Leszkowicz
2010). These strain is distributed worldwide (Cabafies and Bragulat
2018). This strain is able to contaminate coffee beans during the drying
process and is a source of OTA in green coffee beans. In order to
reduce ochratoxin, the drying process should be done on the same
day of harvest. Before drying, the coffee beans need to be sorted.
The amount of active water in coffee beans should be controlled during
their storage(Estrada-Bahena et al., 2022). Damaged and immature
beans are also removed (Poltronieri and Rossi 2016). To control this
toxin, it is necessary to evaluate the drying processes of coffee beans.
In a study that measured various mycotoxins, including Ochratoxin
A, Aflatoxin Bl, Fumonisin B2, Sterigmatocystin, Beauvericin and
Enniatin A in coffee beans, the amount of Ochratoxin A was higher
than other mycotoxins (Bessaire et al., 2019). The previous studies
show that 12 % of ochratoxin A exposure is caused by drinking coffee
(Sueck et al., 2019).

OTA has been identified in both roasted and green coffees. It is
necessary to regularly measure the amount of this toxin in coffee sam-
ples to evaluate good agricultural methods and post-harvest handling
(Malir ret al., 2014). Risk assessment of contaminants and toxins is a
tool to identify different people in the community who are at risk of
potential food hazards(Grajewski et al., 2019). So far; no comprehen-
sive study has been done on the amount of OTA in a variety of instant
coffee products in Iran. The aim of this study was to evaluate the
amount of OTA and estimate carcinogenic and noncarcinogenic risk
in various type coffee products.

2. Material and method

2.1. Reagents and materials

HPLC grade water was purchased from Merck (Darmstadt,
Germany). Extra pure and HPLC grade acetonitrile, acetic

acid and other chemicals were obtained from Samchun (Seoul,
Republic of Korea). Ochratoxin A standard were purchased
from the Sigma—Aldrich (Seelze, Germany) and Immunoaffin-
ity Column for Ochratoxin A was purchased from aoki
immunoclean (Berlin, Germany).

2.2. Coffee samples

20 samples of high-consumption brands of instant coffee, 10
samples of classic coffee and 10 samples of ground roasted cof-
fee powder offered in the markets of Tehran/Iran were ran-
domly selected and purchased from different stores. The
purchased samples are coded and transferred to the laboratory
in appropriate conditions.

2.3. Preparation of samples

The technique for extraction, cleanup and determination of
ochratoxin A was based on method EN 14132:2003 [X]. The
classic coffee was ground in a laboratory mill and mixed.
Twenty-five grams of the milled sample was mixed with 1 g
of sodium chloride. Then, 100 ml of extraction solvent (ace-
tonitrile and distillated water (84:16 v/v) was added and shake
for 30 min. The extract was passed through filter paper. Ten
milliliters of the resulting extract were diluted with 50 ml of
Phosphate-buffered saline (PBS) buffer (pH = 7.4) and
cleaned up with aoki immunoclean Ochratoxin A columns.
First, bring the immunoaffinity column with ochratoxin A
antibody to room temperature and prepare by passing 10 ml
of PBS buffer. Pass 55 ml of the diluted extraction solution
through the prepared column at a rate of 3 ml/min. Wash
the column with 10 to 20 ml of PBS and then dry it with pos-
itive air pressure. Then wash the column with 1.5 ml of
methanol-acetic acid mixture, with volume ratio 98:2, and
place it in a clean vial, Add 1.5 ml of HPLC water to it and
mix. 50 pL. amounts were injected into the HPLC-FLD system
in determination step.

2.4. Apparatus

Chromatographic analysis was carried out using an Agilent
HPLC system (Wilmington, USA) equipped with Agilent
G1321B fluorescence detector (FLD) with a 1200 series quater-
nary pump, an Eclipse-XDB-C18 analytical column
(250 mm x 4.6 mm, 5 pm) and auto sampler was used. The
extract that was passed through immunoaffinity columns con-
taining ochratoxin specific antibodies in preparation step, was
injected into the HPLC-FLD for determination. The detector
wavelength was set at 333 and 477 nm. The spectral bandwidth
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Fig. 1 OTA standard curve (1.5, 3, 5, 8, 10, 12 pg/Kg).

was 10 nm for both excitation and emission. The volume of the
injection was 50 pL. The mobile phase (acetronitrile/water/

Table 1 Ochratoxin A detected in coffee samples (N = 40).
acetic acid 49.5: 49.5:1.0 v/v/v) was maintained at a flow rate

Type of coffee Average £ SEM MRL EU regulation

of 1 ml/min.
(ug/kg) (ng/ke)
Instant coffee 10.40 £ 3.90 10 2.5. Calibration
Classic coffee 3.60 + 3.80 10
Roasted coffee 26.60 + 17.90 5 . . .
The measurement of OTA in food has been validated with a
HPLC / FLD(Lobeau et al., 2005). This method is one of
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Fig. 2 MOE:s in adults due to consumption coffee products content of OTA based neoplastic effect.



N. Yazdanfar et al.
5,000 Trials Frequency View 4,891 Displayed
MOE-Ciassic coffee (Neoplastic)
0.07 FE
- 320
0.06 -
- 280
> 005~ o4p T
= T
® e
© 004 200 C
o =
& o03 - - 160 2
B5% = 519081 L e
0.02 -
- 80
0.01 - o
0.00 ' " ! . = . o
(1} 100000 200000 300000 400000 500000 600000 700000
== Fit: Lognormal . Forecastvalues |
P 28879 Certainty: |87.07 -2 4§ |519672
5,000 Trials Frequency View 49508 Displayed
MOE-Roasted coffee (Neoplastic)
0.06 300
270
0.05
- 240
S
- 0.04 =
= - 180 =
& =
T 0.03 - 150 S
o pum |
(i 120 @
b B5% = 40107
90
60
0.01
30
0.00 ' " i 0
(1] 10000 20000 30000 40000 50000
= Fit: Lognormal . Forecastvalues |
P (3370 Certainty: |90.64 % q |40172

Fig. 2 (continued)

the most sensitive methods for measuring OTA (Karami et al.,

2019).
Analytical method performance, i. e. limit of detections and
quantifications (LODs and LOQs, respectively), linear

dynamic ranges (LDRs), extraction recoveries (ER) and intra
and inter-day precision (RSDs) were calculated by three spik-
ing level of ochratoxin A in three day. Linearity dynamic
ranges (LDR) of 1.5 — 12 pg/kg (R* = 0.996) obtained for cof-
fee sample (Fig. 1). The LOD was obtained 0.5 ng/kg practi-
cally based on signal-to-noise ratio of 3. LOQ was 1.5 pg/kg
and RSDs for intra and inter day precision was 1.5 % and
4.2 %, respectively. The obtained relative recovery (RR%)
of the OTA from coffee was about 98 %.

2.6. Health risk assessment

The health risk was estimated in adults and children due to
ingestion of OTA present in coffee. Health risk of OTA was

calculated using equation (1):
C x IR x EF x ED (1)

BW x AT

Where, CDI is chronic daily intake; C, level of OTA in
instant coffee, classic coffee and roasted coffee; IR, ingestion
rate of coffee; EF, exposure frequency (350 days/year); ED,

exposure duration (70 years); AT, average-life time (for cancer
risk is 365 x 70 and for non-cancer risk is ED x 365) and BW,

CDI =
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Fig. 3 MOEs in children due to consumption coffee products content of OTA based non-neoplastic effect.

body weight (70 kg). Per capita coffee consumption in adults
was calculated through a questionnaire among 450 partici-
pants. Ingestion rate for instant coffee, classic coffee and
roasted coffee was estimated 15.81 £ 6.34 gr/n-d (range 3.12
to 28.50 gr/n-d); 4.20 £ 1.62 (range 1.07 to 7.50 gr/n-d), and
4.57 + 2.10 (range 1.21 to 8.32 gr/n-d), respectively. The Mar-
gin of Exposures (MOEs) due to OTA in coffee was calculated
by Equation (2)(Authority 2020, Sadighara and Ghanati 2022):
BMDLI10

CDI @)
BMDL,, is value benchmark dose limit (ug/kg-d); and

CDlIcancerrisk» chronic daily intake (pg/kg-d). The BMDL,,
of OTA for neoplastic and non-neoplastic effects is equal to

MOEs =

14.5 pg/kg-d and 4.73 pg/kg-d (EFSA 2020), respectively.
When MOEs is less than 10,000, consumers are at health risk
(Adetunji et al., 2018, Authority 2020, EFSA 2020).
Hazard quotient (HQ) due to OTA was calculated by
Equation (3)(Authority 2020):
CDI
HQ =—=r ©)
HQ is hazard quotient; CDInon-cancers €Stimated daily
intake (ng/kg-d); and TDI, tolerable daily intake (pg/kg-d).
TDI is considered for OTA is equal to 0.017 pg /kg body
weight/day based on nephrotoxic in pig (Ostry et al., 2015,
EFSA 2017). When HQ is greater than 1 value, consumers
are health risk(Chemsafety 2020).
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Fig. 4 HQ in adults due to consumption coffee products content of OTA based nephrotoxic effect.

2.7. Uncertainty analysis

In order to decreased uncertainty, Monte Carlo simulation
(MCS) method used to calculate risk according to C, IR and
BW parameters in the Oracle Crystal Ball software
(Ver.11.1.2.4). Estimate of risk was conducted with 5,000 iter-
ations in MCS. Distribution of level of OTA was selected log-
normal by fitting analysis and distribution ingestion rate was
selected log-normal and body weight was normal distribution
(Fakhri et al., 2018, Shahrbabki et al., 2018, Fakhri et al.,
2019, Karami et al., 2019, Atamaleki et al., 2020).

2.8. Statistical analysis

Statistical analysis was performed by SPSS version 21. The
Mean + Standard error of the mean (SEM) was calculated.
Kolomogorov-smirnov was used for testing normality. All
data were nonparametric. Therefore, Kruskal-Wallis test was
used to determine the differences between groups.

3. Results and discussion

3.1. Concentration of OTA

A human can expose to mycotoxin with food. Detection of
contaminants and their risk assessment in different categories
of food and feed improve human health(Mohajer et al., 2021).

In the present study, the level of ocharatoxin A was deter-
mined in instant, classic and roasted/ ground coffee. There is a
significant difference among amount of OTA between groups
(p = 0.007).

Ochratoxin A is the most potent renal carcinogens. A study
found that 39 % of mice given very low doses of ochratoxin
developed renal cancer (Hajok et al., 2019).The permissible
limit of ochratoxin is from 1 to 50 pg/kg for food and from

5 to 300 pg/kg for animal feed (Visconti et al., 1999). Accord-
ing to EU regulations, the permissible level of ochratoxin is
5 ug/kg for roasted coffee and 10 ug/kg for other types of
coffee.

Table 1 shows the content of ochratoxin in various types of
samples. According to Table 1, OAT is lowest level in classic
coffee and highest level in roasted coffee. Mean concentrations
of OTA in instant, classic and roasted coffee samples were
10.4 ng/kg, 3.6 pg/kg and 26.6 ug/kg, respectively. In most
samples of instant coffee, the amount of OA was less than
the allowable limit, but in three samples, the amounts were
higher. OTA levels found in roasted coffee in the present study
ranged from 2 to 79 pg/ kg.

The amount of OTA in roasted samples was above than
allowable range (5 ug/kg). So far, very different amounts of
OTA have been reported in coffees, including 79.0 pg/kg in
Turkish coffees and 0.35 pg/kg in Taiwanese -coffees
(Khaneghah et al., 2019). Relatively high levels have been
reported in Guatemalan coffees. The level of OTA in coffee
from Guatemala were detected 28.4 pg/kg (Sueck et al.,
2019). In a comprehensive study conducted in Poland to assess
the risk, 43 % of instant coffees were contaminated with OTA
(Hajok et al., 2019). In a study, 62 % of instant coffee samples
were contaminated with this toxin(Pokrzywa et al., 2022).

Previous studies have shown that the rate of reduction of
ochratoxin by roasting is very variable, which can be from zero
to 100 % (Vatinno et al., 2008). One study has shown that the
roasting process does not reduce the amount of OTA. This
type of coffee may be a major source of OTA for humans
(Tozlovanu and Pfohl-Leszkowicz 2010). In another study, it
was found that it did not even decrease at 250° C (Lobeau
et al., 2005). This toxin is stable against processing tempera-
tures (Hajok et al., 2019). Furthermore, these coffees do not
have packaging and trademark. The amount of OTA also
depends on the season, time and storage conditions (Hajok
et al., 2019). Therefore, it is possible that the storage condi-
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Fig. 4 (continued)
tions of roasted samples were not suitable. Studies have gener- dren was classic coffee (55790) > roasted coffee

ally shown that OTA levels are higher in non-trademark cof-
fees (Tozlovanu and Pfohl-Leszkowicz 2010).

3.2. Probabilistic risk assessment in coffee

When MOE:s are less than 10,000, the exposed population is at
carcinogenic health risk(Adetunji et al., 2018, Authority 2020,
EFSA 2020). The rank order of coffee products based on
MOEs (neoplastic effect) in adults was classic coffee
(171026) > roasted coffee (15390) > instant coffee (8549)
(Fig. 2).

The results shows that consumers of instant coffee are at
cancer risk based on neoplastic effects. The rank order of cof-
fee products based on MOEs (non-neoplastic effects) in chil-

(5020) > instant coffee (2789) (Fig. 3). The results shows that
consumers of instant coffee and roasted coffee are at cancer
risk based on non-neoplastic effects (Adetunji et al., 2018,
Authority 2020, EFSA 2020). When HQ is less than 1 value,
consumers are acceptable range risk (EPA 2014). The rank
order of coffee products based on HQ (nephrotoxic effect) in
adults was instant coffee (0.132) > roasted coffee (0.097) clas-
sic coffee (0.012) (Fig. 4). HQ due to consumption of instant
coffee, roasted coffee and classic coffee was lower than 1,
hence consumers are at safe non-cancer risk. Similar to the
results of the present research, the results of the research con-
ducted on Cambodian coffees and Saudi market. The calcu-
lated HQ were less than 1(Almasoud et al., 2022, Oecung
et al., 2022).
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4. Conclusion

In this study, the level of OTA in instant, classic and roasted coffee was
determined by means of HPLC-fluorescence detection. The level of
instant and classic was within the permissible level. The rank order
of coffee products based on the concentration of OTA was roasted cof-
fee > instant coffee > classic coffee. The carcinogenic risk assessment
based on neoplastic effects revealed that ingestion of instant coffee can
have risk for consumers and also based on non-neoplastic effects inges-
tion of both instant coffee and roasted coffee can have cancer risk for
consumers. Although, non-carcinogenic risk assessment based on HQ
revealed that consumers are at a safe range of risk. Therefore, it is rec-
ommended to reduce its concentration in coffee with proper agricul-
tural and storage methods. Comprehensive research studies in this
regard are recommended for the future.
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