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Abstract:

This study was aimed to determine the natural occurrence of ochratoxin A (OTA)
and total aflatoxins (Bi, B2, Gi1, and Gy) (AFs) of stored Yemeni green and
roasted coffee beans. A total of 50 samples (25 samples each) were collected
randomly from different markets in Sana'a city, Yemen during 2013, and
guantitative assessment of these two types of mycotoxins was done using
ELISA test kits. In addition, the influence of roasting on OTA and AFs
contamination of green coffee beans was also investigated using the pan
roasting method. Our results showed that all green and roasted coffee bean
samples examined were contaminated with OTA, at concentrations ranging from
1.114 to 18.667 ppb and 1.646 to 31.077 ppb respectively. Also, all green and
roasted coffee bean samples examined were contaminated with AFs, at
concentrations ranging from 14.694 to 27.176 ppb and 14.255 to 23.231 ppb
respectively. In addition, the roasting of contaminated green coffee bean
samples with different concentrations of OTA and AFs reduced OTA and AFs
levels to 86% and 20% from the initial concentration, respectively. These results
indicate that there are risks of mycotoxin contamination of stored Yemeni green
and roasted coffee beans.

Keywords: Ochratoxin A (OTA), aflatoxins, ELISA kit, green and roasted coffee
beans, Yemen.
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INTRODUCTION

Coffee has been the most commercialized
food product and most widely consumed
beverage in the world for decades (Farah,
2012), being appreciated for its characteristic
taste and aroma and, more recently, for its
potential beneficial effects on human health
(Perrone et al.,, 2008). Coffee is the second
largest traded commodity in the world after
petroleum (Machado et al., 2012).

Meanwhile, Yemen is one of the most
historic  coffee-producing  nations;  having
launched the trade of what has become one of
the world's most important agricultural
commodities. Yemen mocha coffee is regarded
as the most traditional coffee and still one of the
world's greatest, uniquely delicious coffees
(USAID, 2005).

Mycotoxins are secondary metabolites
produced by fungi when they grow on
agricultural products before or after harvest or
during transportation or storage. The major
mycotoxin producing fungi are species within the
genera Aspergillus, Fusarium and Penicillium
(Al-Jobory et al., 2017; Igbal et al., 2018; Salem
and Ahmad, 2010; Kaushik et al., 2013).
Mycotoxins affect food quality, resulting in huge
economic losses in addition to being hazardous
to consumer health for producing countries.
Therefore, mycotoxins are considered an
important problem throughout the world in terms
of public health, agriculture and economics
(Ozer et al., 2012). Among the known
mycotoxins, aflatoxins and ochratoxin A are of
greatest concern due to their frequent
occurrence in foods and their severe effects on
animal and human health (Copetti et al., 2012).
Detection of ochratoxin A and aflatoxins in green
and roasted coffee has been reported by many
authors (Nasser, 2008; Soliman, 2002; Viane,
2002).

Ochratoxin A (OTA) is the main mycotoxin
that has been detected in coffee (Suarez-Quiroz
et al., 2004). It is estimated that 12% of the
ochratoxin A consumed by humans corresponds
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to coffee beverage (Bandeira et al., 2011). OTA
is believed to be produced in nature by three
main species of fungi, Aspergillus ochraceus, A.
carbonarius and Penicillium verrucosum, with a
minor contribution by A. niger (Bokhari, 2007).
OTA has been shown to possess nephrotoxic,
carcinogenic, immunosuppressive and
teratogenic properties (Castellanos-Onorio et al.,
2011). In 1993, the International Agency for
Research on Cancer (IARC), classified OTA as
a possible carcinogen (Group 2B) (IARC, 1993).
The FAO/WHO Joint Expert Committee on Food
Additives and Contaminants (JECFA)
established a provisional tolerable weekly intake
(PTWI) of 100 ng/kg of body weight (bw)
(equivalent to 14 ng/kg body wight/day).
Moreover, the European Commission (EC)
Scientific  Committee on  Food (SCF)
recommends that level of OTA should be
reduced as much as possible, i.e., below 5ng/kg
bw/day (JECFA, 1995; Gollicke et al., 2004;
Kaushik et al., 2013). The European Union (EU)
Legislation set up a maximum level for OTA in
roasted coffee (5.0 ug/kg) (EC, 2006), but level
for OTA in green coffee is not yet restricted.
However, in Europe, there are national limits for
OTA in green coffee ranging from 5.0 pg/kg in
Finaland to 20.0 pg/kg in Greece (EC, 2002,
2006; FAO, 2006). In USA, in contrast, the FDA
has not set advisory limits or action levels for
ochratoxins in any commodity (Bayman and
Baker, 2006).

In addition, aflatoxins (AFs) in green and
roasted coffee beans were detected (Soliman,
2002). AFs are produced by A. flavus and A.
parasiticus (Bhatnagar et al., 2006). AFs are the
most dangerous mycotoxoins because of their
highly  toxic, carcinogenic, teratogenic,
hepatogenic, and mutagenic characteristics
(Pariza, 1996; Chu, 1997). The International
Agency for Research on Cancer (IARC) working
group on carcinogenicity risks for humans has
classified aflatoxins as group 1 carcinogens
(IARC, 2002). AFs are encountered in a wide
range of important agricultural commodities,
including cereals, spices, oil seeds, tree nuts,
dried fruits and coffee beans (Bokhari and Aly,
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2009a; Bhat et al., 2010; Ozer et al., 2012). Most
agencies, including the Joint Expert Committee
on Food Additives (JECFA) have not set a total
daily intake figure. In common with other dietary
carcinogens, it is generally accepted that
amounts in food should be reduced to the lowest
levels that are technologically possible (COE,
2008). The U.S. Food and Drug Administration
(FDA) have established limits for aflatoxin in all
food at 20 ng/g. The European Commission
(EC) has established aflatoxin regulations for
almonds and other tree nuts, and has not set
advisory limits for aflatoxins in coffee beans
(Whitaker and Slate, 2006).

All  coffee is roasted before being
consumed. Roasting is an important step that
has a great degree of influence on the taste of
the final product (Kummer, 2003). Previous
studies on the issue provide evidence that OTA
levels decrease during the roasting process of
coffee beans (Vanesa and Ana, 2013). As well
several studies have indicated that aflatoxins in
contaminated coffee beans have to be degraded
by heat treatment (Bokhari and Aly, 2009b), but
on the other hand, it is known that some
mycotoxins such as aflatoxins and ochratoxin A
maintain a certain stability during most thermal
food processing stage (Copetti et al., 2012). The
aim of this study was to assess the natural
occurrence of ochratoxin A (OTA) and total
aflatoxin (B1, B2, G1 and G2) (AFs) of stored
Yemeni green and roasted coffee beans and
determine the effect of roasting on mycotoxin
content.

MATERIAL AND METHODS

Coffee bean samples collection

A total of 50 samples of stored Yemeni
coffee beans including 25 green and 25 roasted
(of the same type of the green ones) coffee bean
samples were randomly collected from different
markets and shops at Sana'a city, Republic of
Yemen, during 2013. The weight of each sample
was 250 g. Each sample was put in a sterile
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polyethylene bag, sealed, put in another bag,
and transferred to the Microbiology laboratory,
Biology Department, Faculty of Science, Sana’a
University, Yemen and kept at 4°C until
mycotoxins analysis.

Detection and assay of mycotoxins in coffee
samples

The coffee bean samples were analyzed
to determine their content of ochratoxin A and
total aflatoxin by enzyme-linked immunosorbent
assay (ELISA) technique. Commercial ELISA
Kits were purchased from Helica-United States:
total Aflatoxins assay (CAT. NO. 941AFLO1M-
96) and Ochratoxin A assay (CAT. NO.
9610CHO01COF-96). All sample preparation and
test procedures were conducted according to the
manufacturer's instructions. The range of these
two kits was 1-20 ppb.

Effect of roasting on ochratoxin A and total
aflatoxin levels

After ochratoxin A and aflatoxins
guantification of 25 samples of stored green
coffee beans, 20 samples of green coffee beans
were selected from the 25 samples
contaminated with ochratoxin A (from 2.0 ppb to
18.6 ppb), and 20 samples of green coffee
beans were selected out of 25 samples
contaminated with aflatoxins (ranging from 16.4
ppb to 23.2 ppb) for roasting test to determine
whether the mycotoxins levels will be affected by
roasting.

Roasting process

The contaminated green coffee bean
samples (100g) were roasted for 15 minutes
using direct flame and a flat baking pan that has
a raised lip. After roasting, coffee beans were
packed in polyethylene plastic bags and kept in
a freezer (-18°C) (Bokari and Aly, 2009b), and
thereafter analyzed for ochratoxin A and
aflatoxins in roasted beans using ELISA kits as
mentioned previously and the percentage of
reduction in mycotoxins were calculated.
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Our results showed that, all 50 samples
examined were contaminated (100%) with
ochratoxin A and aflatoxins (Table 1). This result
is in agreement with Jorgensen (1998) who
detected OTA in all of 11 roasted coffee beans
samples. Pardo et al. (2004) detected OTA in all
57 green coffee samples from different origins.
Bokhary and Aly (2009a) reported that
percentage of contamination with Aflatoxins By,
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B,, G; and G, for 13 samples contaminated with
mycotoxins were 23.3%, 16.6%, 10 and 6.6%,
respectively. Mycotoxins contamination is one of
the most relevant and worrisome problems
concerning food and feed safety. It can produce
a variety of toxic acute and chronic effects in
human (Maarouufi et al.,, 1994) and animals
(Van der Stegen et al., 2000; Aydin et al., 2003).
Among mycotoxins, AFs and OTA are the major
concern, given their high occurrence and toxicity
(Ozer et al., 2012).

Table 1. Ochratoxin A and total aflatoxin content of green and roasted coffee bean samples.

Green coffee bean samples

Roasted coffee bean samples

Sample No. OTA (ppb) * AFs (ppb) Sample No. OTA (ppb) * AFs (ppb)
1 2.242 16.498 2 2.469 17.437
3 4.783 21.598 4 2421 16.839
5 1.114 17.700 6 1.646 14.255
7 2.004 21.849 8 2.170 20.085
9 2.402 22.013 10 2.962 20.307
11 4.350 22.096 12 4.853 20.493
13 3.882 23.818 14 2.405 21.603
15 7.321 25.861 16 3.679 22.281
17 2.897 22.528 18 2.395 20.671
19 3.734 22.528 20 7.263 19.806
21 4.147 26.722 22 3.601 22.783
23 5.353 23.260 24 31.077 21.081
25 4.964 21.444 26 4.438 21.431
27 3.930 20.996 28 3.851 19.819
29 4.824 19.690 30 4.492 19.525
31 8.334 14.694 32 4.823 19.380
33 4.582 26.239 34 4.556 23.066
35 12.210 23.466 36 6.338 22.267
37 6.587 24.169 38 9.809 21.291
39 14.982 24.789 40 14.976 22.815
41 18.667 25.741 42 18.869 20.333
43 9.681 26.817 44 5.404 22.723
45 15.321 26.326 46 15.722 21.989
47 5.999 27.176 48 5.074 23.231
49 16.734 24.876 50 15.764 22.370
*= Part per billion.
14
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Table 2. Percentage of contamination and the mean of mycotoxins concentrations (ppb) in tested coffee bean

samples according to type of sample.

No. of No. of Mean of
Type of ; % of OTA Conc. Mean of OTA AFs Conc.

tested contaminated AFs Conc.
sample Cont. levels (ppb) Conc. (ppb) levels (ppb)

samples samples (ppb)
Green 25 25 100 1.114-18.667 6.842 14.694 - 27.176  22.916
Roasted 25 25 100 1.646 — 31.077 7.242 14.255 - 23.231 20.715
Total 50 50 100 1.114-31.077 7.042 14.255 -27.176 21.816

Conc.= concenteration; Cont.= contamination

Our results in Table (1 & 2) also showed
that the green coffee bean samples were
contaminated with OTA, at concentrations
ranging from 1.114 to 18.667ppb, with an
average of 6.842 ppb, while roasted coffee bean
samples were contaminated with OTA, at
concentrations ranging from 1.646 to 31.077
ppb, with an average of 7.242 ppb. The mean
cumulative of OTA concentrations for all the
tested samples was 7.042 ppb. The presence of
OTA in coffee beans has been reported by
several authors but in different concentrations,
reported levels have been from 0.9 to 19.4 yg/kg
(Diaz et al., 2004), 1.3 to 31.5 ng/g (Pardo et al.,
2004), 0.2 to 62 pg/kg (Heilmann et al., 1999), 0-
48 ug/kg (Romani et al., 2000), 0.3 and 6.5
pa/kg (Leoni et al., 2000) and 0.314 to 3.443
ng/g (Nogaim and Gowri, 2013). Our results in
Figure (1) indicated that 44% of green coffee
bean samples and 40% of roasted coffee bean
samples had OTA levels exceeding European
Limits, 5 pg/kg (Notice: These is no Yemeni limit
standard for OTA).

A variety of reasons can contribute to the
contamination and the production of OTA by
toxigenic molds and detection high levels of OTA
in coffee bean samples. This might be probably
due to variety of environment conditions such as
climate, length of storage and transportation
(Nakajima et al., 1997). Vasanthi and Bhat
(2000) reported that coffee seeds are liable to
mold attack, especially when they are not dried
to a safe moisture level (11%). The same
authors reported that mold damage occurs
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during post-harvest stages due to improper
drying at the drying yard or during storage of
highly moist seeds and leads to OTA production.
It is obvious from the current data that the
analyzed roasted coffee bean samples showed
relatively higher concentrations of OTA than the
green ones. This might be probably due to re-
contamination of stored roasted coffee beans in
shop (contained OTA before roasting) during
storage which encourages the growth of
toxigenic strains and leads to comparatively
higher OTA production as well.

The present investigation also clearly
demonstrated coffee bean samples tested were
contaminated with AFs (B;, B,, G; and G,), at
concentrations ranging from 14.694 to 27.176
ppb, with an average of 22.916 ppb for green
coffee bean samples, while roasted coffee bean
samples were contaminated with AFs, at
concentrations ranging from 14.255 to 23.231
ppb, with an average of 20.715 ppb. The mean
cumulative of total aflatoxins concentrations for
all the tested samples was 21.816 ppb (Table 1
& 2). Various studies reported different
concentrations of AFs in coffee beans, Soliman
(2002) mentioned that average of 4.28 and 2.85
pg/kg AFs were detected in green coffee beans
and ground roasted coffee beans, respectively.
Nasser (2008) published that 11 samples of
Yemeni coffee beans collected from different
markets in El-Riyadh, Saudi Arabia were
contaminated with Aflatoxin B; ranged from 110-
600 pg/kg, Aflatoxin B, ranged from 360-600
pag/kg, Aflatoxin G; and Aflatoxin G, were 600
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pg/kg, and Bokhari and Aly (2009b) reported
that 10 out of 13 green coffee bean samples
were contaminated with Aflatoxin B4, By, G, and
G, at levels ranging from 11-22, 12-17, 12-23
and 5-10 ng/g, respectively. Our results in Figure
(1) showed that 84% of green coffee and 72% of
roasted coffee bean samples contained more
than 20 pg/kg which is currently the limit being
proposed by FDA and Yemeni standard limits for
Aflatoxins level in food, which could be
explained according the suggestion of (Hill et al.,
1985) who reported that the highest
concentration of AFs are produced as a result of
post-harvest spoilage of commodities stored
under warm moist conditions, significant
concentrations may also be produced in the field
before harvest. In addition, the toxigenic strains
of Aspergillus flavus are distributed worldwide in
soil and air and have been reported to
contaminate a variety of food and feeds
(Bilgrami, 1984; Mahmoud, 1993).

= Green coffe beans
= Roasted cofffe beans

(%)

(]

2 100% - 84%

c a—

n i 62%

3 80%

T 60% - 44% 40%

c

& 40%

IS

S 20%

S 0%
OTA Afs
Type of mycotoxins

Fig. 1. Percentage of samples contained

mycotoxins concentration higher than limits

according to EU and FDA legislation.

In addition, data in Table (3) and Figure
(2) showed a large range of OTA reduction
levels from 6% to 86% with mean 40%.
Whereas, the highest reduction was in sample
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No. 39 and the lowest reduction in samples No.
3,15, 21, 33, 43 and 47.

Our results also showed that the relevant
range of AFs reduction was between 1% and 20
% with mean 9%. Whereas, the maximum
reduction in level was in sample No.45 and the
minimum reduction in samples No. 9, 19 and 25.
In this concern, contradictory reports have been
published in the literature on the reduction of
OTA during the roasting of coffee beans, where
some authors have reported only a slight
reduction of OTA content after coffee beans
roasting. For example, Tsubouchi et al. (1987)
who found that roasting reduced the levels of
ochratoxin A by only 0-12% in the dried whole
beans and Nehad et al. (2005) who reported that
roasting reduced OTA by 31%. While other
authors have reported high destruction for OTA
after roasting such as Blanc et al. (1998)
published that over half of OTA is destroyed
during roasting and Romani et al. (2003)
obtained reduction of more than 90 % of OTA.

In considering the results described
above, there are four main possibilities for the
ochratoxin A loss as a result of application of
heat. These are: (i) Physical removal of OTA
with chaff; (ii) Isomerization at the C-3 position
into another diastereomer (Van der Stegen et
al., 2001) (iii) The explanation of OTA may be
due to direct effects of heat as destroying the
side groups in OTA structure as OH or O or
indirect effects on water content to produce free
radical to interact with side groups in OTA (Zaied
et al., 2012) and (iv) The inhomogeneity of OTA
distribution within the coffee samples (Studer-
Rohr et al., 1994).

Our results of AFs reduction is similar to
that reported by Abu Zinadah (2007) found that
roasting for 8 minutes at electric oven was
sufficient to reduce the quantities of the tested
aflatoxin B; and G; by 24.3% and 21.4%
respectively, and contrast to Bokhari and Aly
(2009b) who reported that reduction in aflatoxins
ranged from 30-60% using pan roasting for
coffee beans. The slight reduction of aflatoxins
could be due to three reasons: (i) Heat stability
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of the aflatoxins (Weidenbdrner, 2001), (ii) (i) Dry heating ineffective in destroying
Thermodynamically enhanced reactions aflatoxins (Shinha and Bhatnagar, 1998).
between the aflatoxins and other constituents of

the plant seeds (Ogunsanwo et al., 2004) and

Table 3. Percentage of reduction in mycotoxins (OTA & AFs) in contaminated green coffee bean samples after
roasting.

Sample % of reduction in mycotoxins Sample % of reduction in mycotoxins
No. OTA AFs No. OTA AFs
3 6 % 13 % 27 46 % -

7 - 2% 31 58 % -

9 - 1% 33 6 % 13 %
11 21 % 7% 35 75 % 5%
13 53 % 8% 37 51 % 10 %
15 6 % 13 % 39 86 % 13 %
17 57 % 4% 41 70 % 12 %
19 44 % 1% 43 6 % 15 %
21 6 % 16 % 45 72 % 20 %
23 35 % 4% 47 6 % 19 %
25 38 % 1% 49 57 % 9%

- = Not examined.

45% or AFs through its consumption. In addition,
< 40% roasting by pan method in homes do not
2 35% completely eliminate OTA and AFs.

S 30%

T 25%

X 20%

S 15% CONFLICT OF INTEREST

g 10%

% 5% i All the authors have declared that no

0% conflict of interest exists.

OTA Afs
Type of mycotoxins
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