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Abstract: Ochratoxin A (OTA) is a hepatonephrotoxic and carcinogenic mycotoxin drives. Its name from the
producing fungi; Aspergillus ochraceus.OTA has been known as intermittent contaminant of coffee beans and
other stored cereals. Analysis of OTA 1n 30 locally roasted ground (R) and 45 green (G) coffee bean samples
imported from seven coffee producing countries were carried out in this work. Of the green coffee samples 60%
were contaminated with OTA at levels reached 5.66 g kg™ with an average of 1.55 ug kg™ while 66.67% of
the roasted ground samples showed levels ranging from <35 to 8.35 and average 6.1 ug kg™'. Five media were
used for the determination of the total fimgal counts and /or the percentages of fungal nfection on green
and ground roasted coffee beans. Eight fungi genera were found, Aspergillus predominated followed by
Penicillium., Fusarium and Alternaria but in far more lower percentages in both (G) and (R) coffee beans.
Five species of Aspergillus were detected. A. niger predominated followed by A. flavus, 4. ochraceus i both
green and roasted coffee beans. The 75 isolates of 4. ochraceus from both G and R coffee beans 47 isolates
were potential producers of OTA on both YES and SM media. The average yield of OTA elaborated n the

latter medium was significantly higher than that in the former one.
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INTRODUCTION

Mycotoxin contamination of agricultural commodities
has became a natural phenomenon in many parts of the
world. This may be due to the favorable environmental
conditions prevalent in those regions coupled with the
traditional methods of crop cultivation, harvesting,
handling and storage, all of which ultmately lead to
severe mold growth and mycotoxin production in these
agricultural commodities Soares and Rodriguez-Amaya
[1]. The most frequently contaminated foods with
mycotoxins producing melds include coffee, beer, wine,
grains and  spices [2]. Mycotoxigenic fungi are
widespread in nature and have been implicated in many
crop-related diseases. The major mycotoxin producing
fungi are members of the genera Aspergillus, Fusarium
and Penicillum Betina [3]. Aspergillus ochraceaus 13 a
common mold of stored grains. Tt has been isolated
from a variety of agricultural commodities. Many A.
ochraceus strams regularly form Sclerotia which may be
a major cause of foodstuff contamination [4]. Many
strains  belonging to the 4. ochraceus group are capable
of producing ochratoxin A (OTA) the most common of

ochratoxing [5] which drives its name from A. ochraceus,
the first and /or the best known species of Aspergillus
from which it was 1solated. [6,7]. OTA has been know as
mtermittent contaminant of stored cereals, cereal products
and coffee beans for 30 years [2,8]. Coffee seeds are hable
to mould attack specially when they are not dried to safe
moisture level of 11% [2].

OTA has shown several biological effects such as
immunosppression,  tetratagenicity,genctoxicity — and
carcinogenicity [9-12]. It has also been implicated in a
disease in humans called endamic nephropathy [13].

Green coffee beans are imported mto Egypt from
Seven coffee producing countries; i.e. Uganda, Ethiopia,
Indonesia, Portugal, Brazil, Yemen and India. The
imported green beans are later roasted and grounded
by individual coffee retailers. Toxigenic fungi, which
may be present on green beans, may be destroyed by
roasting, however, any toxins produced by these fungi
further contammation of
roasted coffee beans with the toxigenic fungi ought to
be considered. Tt is worthy to report that as coffee is

could remam. However

one of the most popular and favorable beverages
Egypt. questions arise concerning the detection and for
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the prevalence of ochratoxin A and/or toxigenic fungi
m green and roasted ground coffee beans. This study
attempted to asses the market situation with respect
to OTA through detecting the residues of this toxin as
well as the mcidence of toxigenic and other fungi in
both green and roasted ground coffee beans. However
attention was focused on 4. ochraceus being the
most common fungi responsible of OTA production.
In addition the toxigemicity of isolated A. ochraceus
was studied.

MATERIALS AND METHODS

Materials

Coffee samples: Forty five green and thirty roasted
ground coffee bean samples were collected from local
markets at different regions m Cairo Governorate. The
samples were stored at -20°C to arrest any toxing
formation up to the time of analysis.

Ochratoxin A standard: The standard of ochratoxin A
was purchased from Sigma, Chemical Co. P.O. Box 4508
(8t. Louis, MO, USA).

Table 1: Composition of the cultivate and isolate media

The ochratest immunoaffinity column: The ochratest
immuneaffimty columns were purchased from Vicam
(Somerville, MA, TTSA)

Cultivation and isolation of fungi:
The following six media were used for cultivation and
1solation of different fungi: (Table 1)

Cultivation:

s Malt Extract Agar (MEA) [14]

*  Synthetic Medium Agar (SM A) [4]

»  Czapek Yeast Extract Agar with 20% sucrose CY20S
[15]

s Crzapek Yeast Extract Agar (CYA) [16]

s  Czapek Dox Agar (CDA)[17]

Isolation:
s Potato Dextrose Agar (PDA) [18]

OTA production: The following media were used for the
production of OTA (Table 1).

Medium Composition (per litre)

Reference

1- Malt Extract Agar (MEA)

Powder malt extract 20g ; Peptone 1.0g ; hicose 20g ; Agar 20g

Harrigam and Margare, [14])

2- Czapek Yeast Extract
Agar with 20% sucrose (CY208)

K HPO, 1.0g ; *Czapek concentrate 10ml ; powder veast extract 5.0g;

sucrose 200g ; agar 20g Pitt cmed Hocking [15]
3- Czapek Yeast Extract
Agar (CYA) K;HPO, 1.0g ; *Czapek concentrate 10ml ; powder yeast extract 5.0g;

sucrose 30g ; agar 20g Pitt f16]
4- Czapek Dox Agar (CDA) Sucrose 30g ; MgS80,. 7H,0 0.5g ; KCL 0.5g ; NaN(O; 2.0g;

K,;HPO, 1.0g ; FeS0, 0.01g; agar 20g Misracnd Misraf17])
5- Synthetic medium Agar (SMA) Xylose 30g; KCL 0.2g; K;HPO, 0.9 ;NH,NO;1.0g ; ZnS0, 0.002¢g;

MgSQy. TH;0 0.2g;

FeS0, 0.002g ; MnCL, 0.002g ; Thiamine chloride 0.001g;

Bacto- Agar (Difco) 20g Paster and Chet [4]
6- Patato dextrose Agar (PDA) Potato 200g ; glucose 15g ; Agar 20g ATCCID)
7-Yeast Extract Sucrose
Broth medium ( YES ) Sucrose 150g ; Powder yeast extract 20g Davis et al., [20]

8- Synthetic medium Broth (SMB)

NELNO; 3.0g ; Phosphate buffer 0.15M ;

KCIL 1.0g ; glicose 50g ; MgSQ,. 7H,01.0g;
Na,B,0,. 10H,0 0. Tmg; Fe,(S0,)s.6H,010.0mg ; Cul0,. SH,0 0.3mg;
MnSO,. 6H;0 0.11mg ; ZnS04.7H2017.6mg

(NH,)Mo7 0y, 4H;0 0.5mg

Laietdl, [21])

# Czapek concentrate (with trace metals ):

NaNQ; 30.0 g; KC1 5.0 g; MgSQ,. 7H,050 g

Fe80,.7H,0 0.1 g; ZnSO,. TH,O 01 g;

CuS0O,. SHyO 0.05 g ; Distilled water 100 ml
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Yeast Extract sucrose broth (YES) [20]
Synthetic medium broth (5 M B)[21]

Methods
Isolation and Identification of fungi associated with green
and/or roasted ground coffee beans samples:

Tsolation of fungi: Fungi associated with green and
roasted ground coffee beans were isolated according to
the International Groundnut Aspergillus flavis Nursery
IGAFN [22].

Isolation of fungi from green coffee beans: Each green
coffee bean sample (25 beans) was mnmersed m 70%
ethanol for 2 minutes. Ethanol was drained off and 2.5%
Sodium hypochlorite solution was added. After 3 min
the Sodium hypochlorite solution was dramed off and
the sterilized beans washed twice with sterilized
distilled water. Distilled water was dramed off, then
the beans were dried between two layer of sterilized
filter paper. Disinfected beans of each sample were
plated Petri dishes containing each kind of the five
media used (five beans/ dish).

Isolation of fungi from roasted ground coffee: Ten
grams of roasted ground coffee were transferred to a wide
mouth reagent bottle containing 90 ml sterile distilled
water. The bottles were shacked for 15 min This gave an
approximate dilution of 1/10. Sterile dilutions from 1/10°
to 1/10°, were made using test tubes containing 9 ml
sterilized distilled water. Then one ml of each of selected
dilution was put in a sterile petri dish and about 10 ml of
the used medium were added and the plate was moved
gently for homogenous distribution. The plates were
incubated at 28°C for 7 to 14 days. Five replicates from
each sample were used. The bacterial growth was
inhibited by using the antibacterial streptomycin in the
concentration of 300 ppm. To each medium used sedium
bicarbonate (NaHCO, 0.11M) was added to exhibit
substantial mibition toward the growth of 4. wniger
according to David ef al. [23].

The colonies of fungi were observed and calculated
for total fungi count (TFC) then isolated and finally
purified on Potato dextrose agar (PDA) slant. Number of
colomes / g was determined and the percentages of
different fungi were calculated according to the following
equation:

Fungal species % = (No of each fungal species/Total fungi count)=100
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Identification of the isolated fungi: The purified 4.
ochraceus strains maintained on PDA  slants were

identified according to Nelson et al. [24].

Production of OTA by isolated A. ochraceus strain: The
ability of OTA production by 4. ochraceus strains using
various liquid media (YES and SMB) was mvestigated
according to Tsubouchi et al. [25].

Analysis of OTA

Extraction of OTA from YES and SMB broth media:
OTA was extracted from YES and SMB broth media
according to Tsubouchi et el [25]and determined by
HPLC according to the AOAC [26].

Extraction  chromatographic  separation and
determination of OTA from green and roasted ground
coffee beans: The OTA was extracted from green and
roasted coffee beans using the modified extraction
technique followed by the immunocaffinity clean up
procedure of Pittet ef al. [27]. Whereas OTA separation
and determination was carried out by HPLC equipment
with solvent delivery systems (Shimadzu) and a reverse
phase analytical column packed with C18 material
(spherisorb 5 um ODS2, 15 ecm»4.6 nm). The mobile phase
consisted of acetonitrile: water: acetic acid (99:99:2). The
separation was performed at ambient temperature at a
flow rate of 1.0 ml/min, the imjection volume was 20 pl
for both standard solutions and sample extracts. The
fluorescence detector was operated at an excitation
wave length of 330 nm and an emission wave length of
460 nm A.O.A.C. [26].

Statistical analysis: All data were subjected to Statistical
Analysis using the General Linear Mediel Procedure
of the Statistical Analysis System SAS [27]. The
significant of the differences among treatment groups
was determined by Waller- Duncan K-ratio Waller and
Duncan [28]. All statements of significantly were based
on probability of (P > 0.05).

RESULTS AND DISCUSSION

The total fungal counts and percentages of fungal
infection in green and roasted coffee beans: The total
fungal counts (TFC) and percentages of fungal infection
on green and roasted coffee beans on the five media
used (MEA, SMA, CY20S, CYA & CDA supplemented
by (0.11 M) Sodium bicarbonate are given in Table 2. The



World J. Agric. Sci, 3 (3): 285-294, 2007

Table 2: The total fiingal count (TFC) and percentage of infection in green (G) and roasted (R) ground coffee beans cultivated on different media

Medium used MEA SMA CY208 CYA CDA
[(s5] 710 809 642 505 430
TFC R) 1663 1231 1973 1624 1504
% of infection with
A. niger [(5)] 65.40 55.10 61.10 42.40 61.20
®) 29.60 28.43 18.85 27.00 24.20
A. flavus [(5)] 8.60 11.80 14.50 30.00 16.00
R) 29.20 24.78 15.50 21.18 23.40
A. parasiticus [(5)] 3.70 3.30 2.96 5.70 3.20
®) 1.44 2.60 2.48 1.97 1.73
A. ochraceus [(5)] 6.05 19.50 8.09 14.80 6.04
(R) 12.50 23.07 12.80 15.70 9.71
A. versicolor [(5)] 042 0.37 2.20 0.20 0.00
®) 2.10 2.60 2.38 3.14 2.40
Alternaria spp (G 0.28 0.00 0.30 0.40 1.86
R) 3.73 0.49 1.57 2.40 2.19
Fusarivim spp [(¢;] 8.02 1.73 2.50 1.58 2.32
®) 6.43 6.17 8.31 447 14.96
Penicillum spp [(s5] 7.60 11.70 8.40 5.15 9.50
R) 14.97 11.86 38.06 23.80 21.41
*TFC (Total fungal count) =No of colonies /gm
Table 3: Mean +8E for the total fungal counts (TFC) and the different 8pp. of fungi isolated from green and roasted ground coffee beans
Catfee beans TFC Aspergilfus Pencillium Alternaria Fusaritm
Green 619.2+68.42* 86.56+2.15° 847+1.08° 0.57+0.33¢ 3.23+1.21°
Roasted 1599+130.58° 67.75+5.144 22.0244.55° 2.076+0.53" 8.122+1.80/

Means with the same letter are not significantly different Within each, colurmn (p>0.05)

CY20S medwum showed higher TFC on the roasted
coffee beans compared with the other media tested,
where the SMA one showed the highest TFC on green
coffee beans. This might be probably due to the different
species of fungi prevailing and / or to the composition of
the medium as well. Moreover, the average count of the
five different media used was 1599 £130.58 for the roasted
coffee beans where it was 619.2 + 68.42 for the green
coffee ones (Table 3). This can be probably attributed
to the bad storage conditions as storage of the ground
roasted coffee 1s critical as the chance of rewetting
exists and bad circumstances of storage caused such
comparatively higher average count [29].

Tt is quite evident that all green and roasted ground
coffee beans samples are invaded with different fungi.
Eight species belonging to four genera were 1solated and
identified (Table 2). Aspergillus was the most frequently
encountered and was detected in sigmficantly lgher
counts (p=0.05) than the other genera particularly on
the green ones. The genus Penicillium followed as 1t
was also encountered although the percentage of its
substantially lower than that of
significantly —higher (p=0.05) than

occurrence  was
Aspergillus, but
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the Alternaria and Fusarium for both green and
roasted coffee beans. However, the genera Fusarium
and Alternaria were also detected but in far more lower
percentages than those of Aspergillus and Penicillium
(Table 3). The rare detection of Alternaria and Fusarium
indicated that these two genera do not readily mvade
green and / or roasted coffee beans. The trend of fungal
detection was similar for both the green and roasted
ground coffee beans indicating the presence of both
storage and field fungi. The same sequence of the
four genera detected 1n the current study was also shown
by Levi et al. [30], Mislevic et al. [31] and Vasanthi and
Baht [29] on green coffee beans.

It is obvious from the current results that the flora
was dominated by five species of Aspergillus. A. niger
was the predommant followed by 4. flavus and A.
ochraceus in green and ground roasted coffee beans.
A. parasiticus and A. versicalor were also present but in
comparatively far lower percentages on both green and
ground roasted coffee beans (Table 2).

It should be mentioned here, that there was an
over growth of 4. niger on green and roasted coffee
beans which led to obscure the growth of other fungi
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Table 4: Production of OTA by A. ochraceus isolated from green (G) and roasted ground (R) coffee beans

OTA Concentration p L™

G R

SMB YES SMB YES
Maximum 14.47 9.40 16.00 13.50
Minimum 6.32 2.07 546 2.82
Average 10.42 6.77 11.92 8.49
No of isolates 45.00 45.00 30.00 30.00
% of positive isolates 57.70 57.70 70.00 70.00

Supplementation with sodium bicarbonate 0.11 M (SB)
i the fore- mentioned media was effective agamst A.
niger as it reduced its viability and exhibited substantial
mhibition towards its growth thus giving the way to
other mycotoxigenic fungi such as 4. ochraceus present
to grow and enumerate. In this regard David et al. [23]
reported that inhibitton of SB may be caused by
bicarbonate anions and the presence of SB induced
alterations 1 fungal morphology and cause pigment
accumulation in the other mycotoxigenic fungi. Moreover
the changes in pigmentation which accompanied growth
mn the presence of bicarbonate - survivors are sigmficant
because many intermediates in mycotoxin biosynthetic
pathways are pigmented.

Our findings on the predominance of the particular
Aspergillus  species encountered on green coffee
beans imported from seven coffee - producing countries
(Uganda, Ethiopia, Indonesia, Portugal, Brazil, Yemen
and India) are in general agreement with those of the
mold flora of green coffee given by Corte Dos Santos
et al [32] on coffee beans from Anpgola, Levi et al. [30] on
5 improperly stored samples of undetermined origin,
with those of Mislevic et al [31] on 944 samples
representing 31 coffee - producing countries and those
of Vasanthi and Bhat [28] on 27 Indian (Kamataka)
green coffee beans. However no reports on the total
mold flora of roasted ground coffee beans are existing
in the literature.

Detection of 4. ochraceus and other molds on green
and roasted ground coffee beans coincide with those
reported by many mvestigators (Levi et al. [33, 30],
Mislevic et al. [31], Stack et al. [34], Tsubouchi et al.
[2, 35], Vasantln and Bhat [28] for green coffee beans and
Tsubouchi et al [36] for roasted coffee beans. Tt is
obvious from the obtained results (Table 2) that the
percentage of A. ochraceus recorded for green and
roasted coffee were higher on the SMA medium and
be the best

enumeration of 4. ochrauceus than the other media

which was found to medium  for
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tested. This might be probably due to the composition
and / or the nutriional constituents of the medium
which effects the growth of 4. ochroaceus. In this
concern Paster and Chet [4] reported that nutritional
affect  the morphogenetic process of A.
ochraceus group and that good growth and sclerotium

factors

formation occurred on such medium contaiming sulpher
compounds. Tt can thus be concluded that the Paster
and Chet [4] medium is an efficient one for isolation
and enumeration of 4. echraceus from green and roasted
coffee beans.

Production of OTA by isolated strains of A. echraceus
from green and roasted ground coffee beans: In
connection with investigations of an occurrence of
potential OTA producing fungi m the green and ground
roasted coffee beans, we have followed the occurrence of
A. ochraceus strains and the ability of the isolated strains
to produce OTA 1n vitro (Table 4). Two different liquid
nutritional media namely yeast extract sucrose agar (YES)
Davis et al. [20] and thesynthetic medium (SMB) Lai et al.
[21] were used to select the one that leads to the highest
production of OTA. A total of 75 strains of 4.
ochraceus were 1solated from green and roasted ground
coffee beans. Their toxigenic potential was assessed.
After the deswed period of incubation (14 days of
25- 28°C) culture filtrates were extracted and analyzed by
HPLC. Our data indicated that 26 (57%) out of 45 isolates
from green coffee beans were capable to produce OTA n
both YES and SMB media at levels 2.07 to 9.40 ug I~ with
an average of 6.77 and from 6.32 to 14.47 averaging 10.42
pg L7 in YES and SMB media respectively. Among the 30
strains 1solated from the roasted ground coffee beans 21
(70 %) were potentially OTA producers in both the two
liquid media used SMB and YES at levels ranging from
5.46t0 16 ug L' with an average of 11.92 pg L' and from
2.82t013.5 pg L. averaging 8.94 pg 1.7 in this order. The
present data showed that the percentage of OTA
producers isolated from the roasted ground coffee
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Table 5: Distribution of Ochratoxin A in green and roasted ground coffee beans imported into Egypt

Distribution of Ochratosxin A

Total Detected 1-5 pgke™! =5 ugkg™! Highest level of
No. of OTA found
Sample type samples No. % No. % No. % (ngkeg™
Green 45 27 60.0 24 88.9 3 11.1 5.66
Roasted 30 20 60.6 10 50.0 10 50.0 8.35
beans was relatively higher (70 %) than those of the or roasted samples contained less than 5 g kg™ which

green ones (57 %). This might be probably attributed to
the comparatively higher incidence of OTA producer
in the roasted ground coffee beans due to the storage
and environmental conditions that favors the growth of
OTA producers than that of the green ones [28]. Tt is
also evident that although the total OTA - producmg
strams (47) produced the toxin in both culture media used
vet the average yields of OTA detected in the SMB was
significantly (P>0.05) higher than that in YES medium
and the maximum yield being 16 ug 1.~ was obtained in
the SMB media as well. This might be probably attributed
to the variation in the composition of the two culture
media used. The synthetic medium (SMB) of Lai et al.
[21] might probably contain the sufficient concentrations
of the different ingredients and/or trace elements required
by 4. ochraceus for maximal growth and/or maximum
toxin yield production. This is supported by the earlier
findings of Lai et al. [21] who found that with different
salt concentrations; maxinum OTA production was
obtained in the presence of K, P", they explained that
the amounts of MgSO, m the medium were sufficient as
the sole source of Mg ™ and S*required for maximum toxin
yield. Moereover, they added that trace elements, Fe™,
Zn', Cu™, B! and Mo™ and Mn"™ in such media lead to
maximal growth and toxin production and were needed
as well for the synthesis of ochratoxin A. This was also
proved by Delgadello [37] for Zn", Cu' Furthermore,
Lai et al. [21] indicated that small and large amounts of
the toxin elaborated depended on the carbon and
sulfur sources and on the near - optimal quantities of
sulfur, magnesium, potassium and phosphorus contain
in the growth media.

Natural occurrence of OTA in green and roasted
ground coffee beans: OTA was detected 1n 27/45 (60%)
and 20/30 (66.75%) for green and roasted ground
coffee beans in this respective order. OTA levels ranged
from 0 - 5.66, average 1.55 and from 0 - 8.35 average. 6.1 pg
kg™ for green and roasted coffee respectively (Table 5).
Eighty eight and fifty percent of the positive green and /
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is currently the limit being proposed by the European
Union (EU) for OTA levels in coffee..

Low levels of OTA detected in the present
investigation comcides with  those  given by
Trucksess et al [38] and Vasanthi and Ramesh [29]
who reported levels ranging from 0.1 to 4.6 and less
than 5 pg kg™, respectively and at an incidence of
52.5% (Table 6). This can be probably attributed to the
appropriate conditions prevailing during production
and / or good storage, transport and handling conditions
of the green coffee beans, which prevents the production
of OTA [39,9]. Moreover, Tsubouchi ef al. [25] reported
that caffeine had an inhibitory effect on the growth
and OTA production by A. ochraceus. They added that
caffeine is a major factor in detecting low levels of OTA
1n green coffee beans.

Tt is worthy to report that the detected maximum
levels and the given ranges as well of OTA in the
green coffee beans of the current study are far more
than those observed by other authors from
various countries. In this concern; Norton ef al. [40],
Tsubouchi et al. [35,2], Studer -Rohr et of. [8] Nakajima
etal [41], Blanc et al. [42] and Romari et al. [43] revealed
ranges between 0-200 pg kg™ at a total incidence of
(61.4 %) (Table 6). These authors attributed their
detected high levels in green coffee beans to variety of
environmental factors. In this regard Vasanthi and
Bhat [29] found that the methodology of harvesting,
processing, storage and transport can have considerable

lower

impact on mould contammation and OTA production as
well. They reported that coffee seeds are liable to mould
attacl, especially when they are not dried to a safe
moisture level (11%). The same authors added that, it 1s
well recognized that mould damage occurs during post-
harvest stages due to improper drymg at the drymg yard
or during storage of highly moist seeds at the curing
and which encourage and leads to OTA
production.

Moreover, the presence of OTA in commercial

works

roasted coffee beans has been observed by other authors
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Author & Country Year Tncidence Product Concentrations of OTA
High level

Norton et al. UK [40] 1982 9/9 Green coffee beans < 10up to 200 pg kg™
Tsubouchi et al. Japan [35] 1984 4/22 Green coffee beans 9.9 -46.0 pgke™!
Tsubouchi et al. Japan [2] 1992 11/22 Green coffee beans 0.08 - 72.7 PPb
StuderRohr et al. Switzerland [8] 1995 13/25 Green coffee beans 1.2 - 56.0 pg kg™
Nakafima et al Japem [41] 1997 14/47 Green coffee beans 0.1-17.4 pgkg™
Blanc et al. Switzerland [42] 1998 50/50 Green coffee beans 4.0-22.1 ngkg ! average 7.3 pg kg™
Romani et al. Ttely [44] 2000 106/162 Green coffee beans 0-48 ugkg™!

Overall 175/337 (61.4%)

Low level

Truckcess et al. USA [38] 1999 919 Green coffee beans 0.1-46pgke™!
Vascmithi and Baht India [29] 2000 84/158 Green coffee beans =5 pgkg™!

Overall 93/177 (52.5%%)

Tsubouchi et al. Japan [36] 1988 5/68 Roasted cotfee 3.2-17 pgkg™!
MAFF UK [45] 1995 17/20 Roasted coffee 0.2-21 pgke!

Koch et al. Germany [46] 1996 20430 Roasted cotfee 0.3-7.5ugke™!
Burdaspal and Legarda Spain [47] 1998 28/26 Roasted coffee 0.22-5.64 pgkg™!
Jorgensen Denmark [45] 1998 11/11 Roasted caotfee 0.51-3.2pgke™!
Truckeess et of. 1154 [38] 1999 9/13 Roasted cotfee 0.1-1.2pgke™!
Leoni et al. Brezil [49] 2000 23/34 Roasted coffee 0.3-65pugke!
Overall 113/202(55.9 %)

mn similar concentration ranges to that detected in the
current study. In this regard Maff [45] in UK analyzed
20 samples of which 17 were positive and contained
levels between 0.2 and 2.1 ug kg™, Koch et af. [46] found
20 out of 30 samples containing 0.3 -7.5 pg kg™,
Burdaspal and legarda [47] m Spain detected levels
ranging from 0.22 to 5.64 pg kg™, Jorgensen [48] in
Denmark found 11 samples contained OTA mean content
of 0.51 and highest value of 3.2 ug kg™' and Leoni ef al.
[49] in Brazil found that 23 samples out of 34 were
contaminated with OTA with levels ranging between
0.3 and 6.5 pg kg™ and the total incidence being 55.9%.
It 1s obvious from the current data that the analyzed
ground roasted coffee samples showed relatively higher
concentrations of OTA than the green ones. This might
be probably due to the relatively higher meidence (70%)
of toxigenic strains of 4. ochraceus isolated from roasted
ground than those of green coffee beans (57%) which
leads to higher OTA production as given before (Table 4).
Moverover, other environmental factors particularly
storage of highly moist roasted ground beans [29]
which encourage the growth of toxigenic strains and
leads to comparatively higher OTA production as well.
The differences in storage temperature and time and
their interaction between both green and roasted
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beans ought to be considered Ramos et al. [44]. However,
it is worthy to report that if green and /or roasted ground
coffee beans are appropriable dried to a safe moisture
level (11%), 1t can be prevented and /or protected from
mould growth and OTA production [29].

Assessment of OTA intake: OTA was detected in local
commercial roasted ground coffee bean samples at a
high incidence of 50% recording levels ranging from
<5 to 835 pg kg™' and averaging 6.1ug kg™'. These
contaminated levels are Igher than the accepted
permissible levels proposed by the European Union for
OTA m coffee. From the reached data and as coffee 1s
one of the two extensively consumed beverages along
with tea, regular coffee consumption may probably
contribute to exposure of human to OTA [6]. To clanfy
this important point, in view of our results an attempt
was made to estimate and / or calculate the intake of OTA
from drinking coffee. Assessing coffee intake will be
based on the data concerning the quantity of Turkish
coffee ingested n terms of numbers of cups consumed
per week, the strength of roasted coffee /cup and the
average level of OTA detected in roasted ground coffee.
In this concern the regular Turkish coffee consumption in
Egypt ranges between four to twelve cups/day /person,
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with an average typical strength of six gm toasted coffee
/eup. Accordingly, the quantity of roasted ground coffee
consumed 1s 168 and /or 504 g /person /week. It is
worthy to report that based on toxicological properties,
the Toint FAQ/ WHO Expert Committee on Food
Additives [50] has established a Provisional Tolerable
Weekly Intake (PTWI) of 100 ng /kg body weight per
person / week for OTA. Tn view of the present data (mean
level of OTA, being 6.1 pgkg™), applying the PTWI
set up by JECFA, the OTA intake through coffee
consumption was observed to be 17.18 and /or 51.24 ng
OTA /kg body weight per person (60 kg) from consuming
168 and /or 504 gm of roasted ground coffee/week,
respectively. Taking m our consideration that i the
Turkish coffee method frequently used m Egypt the OTA
essentially fully extracted [38]. Consequently
consumption of 28 and / or 84 cups of coffee per week

is

(168 and / or 504 gm roasted ground coffee) contribute up
to 17.18 and 51.24 %, respectively to the PTWI lunits.
Thus the average level observed in the present study
well below the limits established by JTECFA.
However, for the benefit of human health, surveys of
OTA in green and/ or roasted ground coffee beans should
be continued.

is

REFERENCES

1. Secares, LM.V. and BD. Rodriguez-Amaya, 1985.
Screening and quantitation of ochratoxin A in
corry, peanuts, beans, rice and cassava. JAOA.C,
68: 1128-1130.

Tsubouchi, H., M. Nakajima, K. Yamamoto and
M. Miyabe, 1992. Elimination of mycotoxins in green
coffee beans by handpicking. Proceedings of the
Japanese Association of Mycotoxicology, pp: 45-48.
Betina, V., 1984. Toxigenic fungi and their occurrence.
Mycotoxins production, isolation, separation and
purification. Elsevier science BV.
Amsterdam, pp: 3-13.

Paster, N. and I. Chet, 1980. Effect of environmental
factors on growth and sclerotium formation in

Canad. I Bot, 38

publishers

Aspergillus  ochraceus.
1844-1850.

Mirocha, C.G. and C.M. Christensen, 1974. Fungus
metabolites toxic to animals. Ann. Rev. Phyto,
pp: 303-330.

Stegen, G., Van, G. der, U. Jorssen, A. Pittet,
M. Saccon, W. Stemer, M. Vincenzi, M. Winkler,
I. Zappand C. Schlater, 1997. Screening of European
coffee final products for occurrence of ochratoxin A
(OTA). Food Addit. and Contamin., 14: 211-216.

292

7.

10.

11

12

13.

14.

15.

16.

17.

18.

19.

20.

Moss, M.O., Mode of formation of ochratoxin A.
Food Addi and Contam., 13: 5-9.

Studer-Rohr, I., D.R. Dietrich, J. Schatter and C.
Sch, 1995. The occurrence of ochratoxin A. Food
Chem. Toxicol., 3: 341-355.

Buchels, P, [. Meyer, A. Pittet, G. Vuatazand R. Viam,
1998. Industrial storage of green roast coffee under
tropical conditions and its impact on raw material
quality and Ochratoxin A content. T. of Agric. and
Food Chem., 46; 4507-4511.

Abdel-Wahhab, A M., 2000. Antioxidant and radical
scavenging effects of garlic and cabbage extracts in
rats fed ochratoxin contaminated diet. J. of Egypt.
Med. Assoc., 83: 1-19.

Abdel-Wahhab, A M., A.S. Nada and M.S. Arbid,
1999, Ochratoxicosis: prevention of d velopmental
toxicity by L-methionine in the rats. J. of Appl. Toxi.
19: 7-12.

Abdel-Wahhab, AM., MM Abdel-Galil, M.M.
Ellithey,  2005. Melatonin counteracts oxidative
stress in rats feed ochratoxin A- Contaminated diet.
J.Pmn. Res., 38: 130-135.

LAR.C, 1993 IARC monographs on the evaluation
of carcinogenic risks to humans. World Health
organization, 56.

Harrigan, F.W. and EM. Margaret, 1966. Laboratory
methods of Microbiology. Department Bacteriology
the mest of Scotland, Agricultural Collage. Auch.
Micro., 27: 1188-1123,

Pitt, 11, and AD. Hocking, 1985. Methods for
1solation, enumeration and identification in fungi
and food spoilage, Academic press., Sydney,
pp: 29-62.

Pitt, T.1., 1987. Penicillium viridicatum, Penicillium
verrucosum and production of ochratoxin A. Appl
Environ Microbiol., 53: 266-9.

Misra, A. and JK. Misra, 1981. Fungal flora of
marketed betel nuts. Mycol., 73: 1202-1203.
Ditheimer, G. and E.E. Greppy, 1991. Mechansism
of Action of Ochratoxin A. In Mycotoxins, Endemic
Nephropathy and  Urinary  Tract  Tumors;
M.Castegnaro, M, R Plesina, G.Ditheimer. I M
Chernozemsky., Bartsch, II, Eds. IARC Scientific
Publication: Lyon, France, pp: 171-186.

ATCC, 1984 American Type Culture
Collection, Rockville, MD, USA, 13th Edn. ATCC.,
PR 433-477.

Davis, D., IW. Searcy and UIL. Diener, 196%.
Production of ochratoxin A by Aspergillus
ochraceus 1n a semisynthetic medium. Appl

Micro., 17: 2-744.



21.

22

23.

24.

24,

25.

26.

27.

28.

29.

30.

31.

32

World J. Agric. Sci, 3 (3): 285-294, 2007

Lai, M., G. Sememuk and C.W. Hesseltine, 1970.
Conditions for producton of ochratoxin A by
Aspergillus species in a synthetics medium. Applied
Microbiology, 19: 542-544.

L.G.AF.N., 1980. Intemational groundnut Aspergillis
Flavus. Nursury ICRISAT. J., 1-25.

David, AD., A El-Nabarwy, I.D. Rosen and T.I.
Montville, 1990. Ammonium bicarbonate inhibition
of mycotoxigenic fungi and spoilage veasts. J. of
Food Protec., 53: 324-328.

SAS. 2000. Institute. x. SAS users guide: Statistics.
Cary, NC: SAS Institute, Inc.

Nelson, EP., A.T. Toussoun and F.O.W. Marasas,
1983. Fusarium spp. An illustrated manual for
identification. published by The Pemnsylvama State
University. Press University Park London.
Tsubouchi, H., H. Terada, K. Yamamoto, K. Hisada
and Y. Sakabe, 1985. Caffeine degradation and
increased ochratoxin A production by toxigemnic
strains  of Aspergillus  ochraceus isolated from
green coffee beans. Mycopatho, 90: 181-186.
A0.AC., 2000. Official methods of analysis of the
Association of Official Analytical Chemists, 17th
Edn, Vol II: Ochratoxin A in com and barley
licuid chromatographic method. Gaithersburg, MD:
A.O.AC. International.

Pittet, A., D. Tomare, A. Huggett and R. Vian,
1996. Liquid chromatography determination of
ochratoxin A in pure and adulterated soluble
coffee usmng an mmmunoaffinity column cleanup
procedure. 1. Agric. and Food Chem., 44
3564-3569.

Waller, A.R. and B.D. Duncar, 1969. A Bayes rule
for the symmetrimultiple comparison problems.
J. of the Ameri. Stat. Scci., 64: 1484-1503.
Vasanthi, S. and R.V. Baht, 2000. Ochratoxin in
Indian coffee and its implication to international
trade. I. of Nutr1., 21: 718-721.

Levi, C., 1980. Mycotoxins m coffee. Journal of
the Association Official Analytical Chemistry,
63: 1282-1285.

Mislevic, B.P., R.V. Bruce and R. Gibson, 1983.
Incidence of toxigemic and other molds m green
coffee beans. J. of Food Protec., 46: 969-973.

Corte, A., Dos Santos, D. Hahn, B. Cahagnier,
R. Drapron, J. Guilbot A. Lefebvre, I.L. Multon, I.
Poisson, E. Trentesaux and E. Etude, 1971. de
Levalution de plusieurs characteristiques d,un
cafe Arabica au courts d, un stockage experimental
effectue a cing humidities relatives differents. Cafe,
Cacao., 15: 329-340.

293

33

34.

35

36.

37.

38

40.

41.

42.

43.

44,

Levi, C., HI. Trenk and HK. Mohr, 1874, Study of
the occurrence of ochratoxm A in green coffee
beans. Journal of the Association Official Analytical
Chemistry, 57: 866-869.

Stack, EM., C.P. Mislevic, T. Denizel, R. Gibson
and AE. Pohland, 1983. Ochratoxins A and B,
xanthomegmn,  viemellem  and  viexanthin
production by isolates of Aspergillus ochraceus
from green coffee beans. J. Food Protec., 46
965-968.

Tsubouchi, H., H. Terada, K. Yamamoto, K. Hisada
and Y. Sakabe, 1984. A survey of occurrence of
mycotoxins and toxigenic fungi in imported green
coffee Proceedings of the
Association of Mycotoxicology, 19: 16-21.
Tsubouchi, H., H. Terada, K. Yamamoto, K. Hisada
and Y. Sakabe, 1988. Ochratoxin A found in
commercial roasted coffee. Journal of Agric. and
Food Chem., 36: 540-542.

Delgadillo, I, 1986. secondary
metabolites of Aspergillus ochraceus by HPLC.
Mycotoxin Res., 2: 9-17.

Trucksess, MW, J. Giler, K. Young, D.K. White and
Page, 1999. Determination and survey of ochratoxin
A inwheat, barley and coffee 1997. TAOA.C,
82: 85-89.

Norten, DM, GM. Toule, I.5. Cooper,
R.S. Partington and B.W. Chapman, 1982. The
surveillance of mycotoxins

beans. Japanese

Isolation of

'3

in human food
Proceeding of the 4th Meeting on Mycotoxins n
Animal Disease, pp: 77-81.

Nakajima, M., H. Tsubouchi, M. Miyabe and
Y. Ueno, 1997. Survey of aflatoxin B1 and ochratoxin
A in commercial green coffee beans by lugh-pressure
liquid chromatography linked with immunoaffinity
chromatography. Food and Agric. Tmmun., 9: 77-83.
Blanc, M., A. Pittet, R. Munoz-Box and R. Viani,
1998. Behavior of Ochratoxin A during green coffee
roasting and soluble coffee manufacture. J. Agric.
Food Chem., 46: 4507-4511.

Romani, 5., G. Sacchetti, C.C. Lopez, G.G. Pinnavaia
and D.M. Rosa, 2000. Screening on the occurrence
of ochratoxin A m green coffee beans of different
origing and types. T Food Chem., 48:
3616-3619.

Ramos, A.J., N. Laberma, S. Marm, V. Sanchis and
N. Magan, 1998. Effect of water activity and
temperature on growth and ochratoxin production by
three strains of Aspergillus ochraceus on a barley

Agric.

extract medium and on barley grains. Inter. J. Food
Microbiol., 44: 133-140.



45.

46.

47.

World J. Agric. Sci, 3 (3): 285-294, 2007

MAFF., 1995 Ministry of Agricultural, Fisheries
and Food. Surveillance for ochratoxin A m retail
coffee products. Food Surveillance Information,
Sheet No. 73.

Koch, M., S. Steinmeyer, R. Tiebach, R. Weber and
P. Weyerstahl, 1996. Determination of ochratoxin A
in roasted coffeeDutch. Lebensm. Rundsch, 2:
48-51.

Burdaspal, AP. and M.T. Legarda, 1998. Ochratoxin
A 1n roasted and soluble coffees marketed in Spain.
Alimentaria, 296: 31-35.

48.

49.

294

Jorgensen. K., 1998. Survey of pork, poultry, coffee,
beer and pulses for ochratoxin A. Food Addu
Contam, 15: 550-554.

Leoni, ABL., LMYV. Scares and CL.P. Oliveira,
2000. Ochratoxin A in Brazilian roasted and instant
coffees. Food Addi and contam., 17: 867-870.



