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SUMMARY

Ochratoxin A is a mycotoxin produced by several fungi of the genera Aspergillus and
Penicillium, principally P. verrucosum in temperate climates and 4. ochraceus in warm
regions. In animal feed materials the toxin is found most commonly in cereals (rye, barley,
maize, and wheat) and to a lesser degree in peanuts and soybean. Toxin production usually
occurs during storage and control of formation of the toxin requires adequate drying of grains
prior to storage under conditions where water activity does not rise in localised “hot spots”.
The distribution of ochratoxin A in stored grains is very heterogeneous, making analysis and
dietary exposure assessment of farm animals difficult. However, exposure of animals may
also be assessed from analysis of blood levels. Ochratoxin A is a potent renal toxin in all
animal species investigated as of yet and has been causally associated with nephropathy in
pigs and poultry. Exposure to nephrotoxic doses is associated with renal tumours in laboratory
rodents but no data on carcinogenicity are available in other animal species. Ochratoxin A is
also immunotoxic and teratogenic but usually at higher than nephrotoxic doses. Pigs, dogs
and poultry are particularly sensitive to the nephrotoxicity and a no-observed-adverse-effect
level has not been established in pigs or dogs; ruminants are less sensitive due to degradation
of ochratoxin A to the less toxic ochratoxin a by the rumen microflora. Upon absorption from
the gastro-intestinal tract, ochratoxin A binds to serum proteins resulting in considerable
variation in elimination half-lives across species depending on the affinity and degree of
protein binding. It is only metabolised to a small extent systemically. Accumulation occurs in
blood, liver and kidney, and significant lower residue concentrations are found in muscle
tissue, fat and milk. Carry-over into eggs has been demonstrated under experimental
conditions using high toxin concentrations. Multiple source exposure assessment indicates
that the overall contribution of animal products to human exposure does generally not exceed
3-10 %.

KEY WORDS
Ochratoxin A, animal feed, toxicity, tissue accumulation, residues

http://www.efsa.eu.int 1/36



http://www.efsa.eu.int

%a* . The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

TABLE OF CONTENTS

SUMMARY .ottt ettt et e bt st e s bt et e sb e en b e st e ente bt eneesaeennenbenaeens 1
TABLE OF CONTENTS ...ttt ettt ettt sae et e s s esae s e eseesessaensesneensens 2
BACKGROUND.......ootiititeeeee ettt ettt et et st e bt enae st eseenseeseenseeneesesneenseenee 3
1. General background ...........coceeviiriiiiiiiiiiiietee e 3

2. Specific BACKZIOUNG........ccueiiiiiieiieeie ettt et be e e b e ebeessneennas 4
TERMS OF REFERENCE.........cciiiiiiiieiteieiec ettt ettt sneeneas 4
ASSESSMENT ..ottt ettt et b e ettt e e be et e be e st e been et eseeaeenee 5
L. INEEOAUCTION ...ttt ettt ettt e e e e tv e e e eteeeeveeeeabeeenbaeeeasaeeeaseeenseaas 5

2. Methods Of ANALYSIS....cc.eieciieiieeiieeie ettt et eteebe e e saeenseenseenneas 7

3. Current 1e@iSlation .......c.eccuieriiiiiieieecieceeee ettt b e b e ereennes 8

4.  Occurrence of ochratoxin A in feed materials ..........ccecveeveiierieniiencieeie e, 8

5.  Estimating ochratoxin A intake by farm livestock.........c.cccccvveeviienciiinieeieecie e, 10

6.  Adverse effects on LIVESTOCK ....c.viiiviiiciieciie et 11
oY B o T4 PSSR 11

0.2, POUITY ettt ettt 12

0.3, DIOES ettt ettt e bttt e bt e e bt e e eabeeeaee 13

6.4, RUIMINANES.....ccuiiiiiiiiiiieiiie et eeeerree e e e steeertreesreeesebeeebbeessseessseesssesenssesenses 13

0.5, EQUIAAC....ccciiiiieiieeie et 14

7. Toxicokinetics, metabolism and tissue diStribution ..........cccccoovvvviiivieiieeeiiieiiiieeeeeee, 14
8 T o £ PSS 14

% o011 1 5 2RSS 15

7.3, RUIMNINANES.....ccviiiiiiiiiiieciee ettt ettt eveeeetreeeeteeeseveeeeteeeeateeesseeeareeensreeennes 15

TA. FISRciiii ettt 16

8. Carry-0Ver and TESIAUES ........cccvereiieriieriieeie et eriteeteeteete e e e eeesseese e seessaeesseeseessaesnnas 16

9. Human dietary EXPOSUIC........ccccueeiierieeriieeieereesieeeteeteesreesseesseesseesseesssessseesseesssesseenns 17
CONCLUSIONS ...ttt ettt ettt e et esae et e s e eseesseeseesseessesseessenseessenseensenseensens 19
RECOMMENDATIONS ...ttt sttt sttt et esbeseaesbeenaeneeas 20
REFERENCES ...ttt ettt ettt ettt s v e esaesaeesaessaensesseessesseesseseensensesnsens 20
SCIENTIFIC PANEL/COMMITTEE MEMBERS ........cccooiiiiiiieeeeteeeeee e 29
ACKNOWLEDGEMENT ..ottt sttt ae et s teeseesaaessaessseessaesssessseessaens 29
AINNEX L.ttt et b e et a ettt e e s e be et e et et e ent e e st et e eheenbeereenbeeteebeeseentens 30

http://www.efsa.eu.int 2/36



http://www.efsa.eu.int

*xs® | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

BACKGROUND

1. General background

Directive 2002/32/EC of the European Parliament and of the Council of 7 May 2002 on
undesirable substances in animal feed' replaces since 1 August 2003 Council Directive
1999/29/EC of 22 April 1999 on the undesirable substances and products in animal nutrition®.

The main modifications can be summarised as follows

- extension of the scope of the Directive to include the possibility of establishing
maximum limits for undesirable substances in feed additives.

- deletion of the existing possibility to dilute contaminated feed materials instead of
decontamination or destruction (introduction of the principle of non-dilution).

- deletion of the possibility for derogation of the maximum limits for particular local
reasons.

- introduction the possibility of the establishment of an action threshold triggering an
investigation to identify the source of contamination (“early warning system’) and to
take measures to reduce or eliminate the contamination (“pro-active approach”).

In particular the introduction of the principle of non-dilution is an important and far- reaching
measure. In order to protect public and animal health, it is important that the overall
contamination of the food and feed chain is reduced to a level as low as reasonably achievable
providing a high level of public health and animal health protection. The deletion of the
possibility of dilution is a powerful mean to stimulate all operators throughout the chain to
apply the necessary prevention measures to avoid contamination as much as possible. The
prohibition of dilution accompanied with the necessary control measures will effectively
contribute to safer feed.

During the discussions in view of the adoption of Directive 2002/32/EC the Commission
made the commitment to review the provisions laid down in Annex [ on the basis of updated
scientific risk assessments and taking into account the prohibition of any dilution of
contaminated non-complying products intended for animal feed. The Commission has
therefore requested the Scientific Committee on Animal Nutrition (SCAN) in March 2001 to
provide these updated scientific risk assessments in order to enable the Commission to
finalise this review as soon as possible (Question 121 on undesirable substances in feed)’.

The opinion on undesirable substances in feed, adopted by SCAN on 20 February 2003 and
updated on 25 April 2003* provides a comprehensive overview on the possible risks for

'0J L140, 30.5.2002, p. 10

’0J L 115,4.5.1999, p. 32

3 Summary record of the 135™ SCAN Plenary meeting, Brussels, 21-22 March 2001, point 8 — New questions
(http://europa.eu.int/comm/food/fs/sc/scan/out61_en.pdf)

*Opinion of the Scientific Committee on Animal Nutrition on Undesirable Substances in Feed, adopted on 20
February 2003, updated on 25 April 2003 (http://europa.eu.int/comm/food/fs/sc/scan/out126_bis_en.pdf)
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animal and public health as the consequence of the presence of undesirable substances in
animal feed.

It was nevertheless acknowledged by SCAN itself for several undesirable substances and by
the Standing Committee on the Food Chain and Animal Health section Animal Nutrition that
additional detailed risks assessments are necessary to enable a complete review of the
provisions in the Annex, including the establishment of maximum levels for undesirable
substances currently not listed.

2. Specific background

Ochratoxin A is produced mainly by the Penicillium verrucosum fungi and is commonly
found in cereals in Europe.

No maximum levels for ochratoxin A in animal feed has been established in EU legislation.
Sweden has national provisions on ochratoxin A in animal feed’.

Commission Regulation (EC) No 466/2001 of 8 March 2001 setting maximum levels for
certain contaminants in foodstuffs®, as amended by Commission Regulation (EC) No
472/2002 of 12 March 20027 establishes a maximum level for ochratoxin A in following
foodstuffs: raw cereal grains (5 pg/kg), all products derived from cereals (3 pg/kg) and dried
vine fruit (10 pg/kg).

SCAN concluded® that ochratoxin A contamination of crops is undesirable both because of its
known effects on animal health and its possible significance as a human carcinogen. SCAN
recommended therefore that a risk assessment should be undertaken as a priority.

TERMS OF REFERENCE

The European Commission requests the EFSA to provide a detailed scientific opinion on the
presence of ochratoxin A in animal feed.
This detailed scientific opinion should comprise the

- determination of the toxic exposure levels (daily exposure) of ochratoxin A for the
different animal species of relevance (difference in sensitivity between animal species)
above which

- signs of toxicity can be observed (animal health / impact on animal health) or

*Maximum level for ochratoxin A in complete feedingstuffs for poultry: 200 pg/kg and in complete feedingstuffs
for pigs: 100 pg/kg

®0J L 77, 16.3.2001, p. 1

’OJ L 75, 16.3.2002, p. 18

0pinion of the Scientific Committee on Animal Nutrition on Undesirable Substances in Feed, point 7.6.
Conclusions and recommendations.
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- the level of transfer/carry over of ochratoxin A from the feed to the products of
animal origin results in unacceptable levels of ochratoxin A in the products of
animal origin in view of providing a high level of public health protection.

- 1identification of feed materials which could be considered as sources of contamination
by ochratoxin A and the characterisation, insofar as possible, of the distribution of
levels of contamination

- assessment of the contribution of the different identified feed materials as sources of
contamination by ochratoxin A

- to the overall exposure of the different relevant animal species to ochratoxin A
- to the impact on animal health

- to the contamination of food of animal origin (the impact on public health), taking
into account dietary variations and carry over rates .

- identification of eventual gaps in the available data which need to be filled in order to
complete the evaluation.

ASSESSMENT

1. Introduction

Ochratoxin A is produced by several fungi of the genera Aspergillus and Penicillium,
including Penicillium verrucosum (previously referred to as P. viridicatum Il), P. nordicum
(previously denoted P. viridicatum III)'°, Aspergillus ochraceus, A. niger, A. sulphureus, A.
carbonarius, Neopetromyces muricatus and Petromyces alliaceus (Frisvad and Thrane, 2000,
Frisvad and Viuf, 1986, Larsen et al., 2001, Frisvad and Samson, 2000).

In temperate climate zones ochratoxin A is produced by P. verrucosum at below 30°C and
down to 0.8 a,, most notably in maize, wheat, barley and rye. Infections can occur at the pre-
harvest and post-harvest stage, but post-harvest ochratoxin A formation predominates.

In warm regions, Aspergillus ochraceus is found predominantly on peanuts and soy beans, as
well as sporadically on other stored food commodities, but this fungal species is seldom the
cause of a substantial contamination with ochratoxin A. Aspergillus ochraceus as well as A.
carbonarius are related to ochratoxin A contamination of green coffee beans and grapes
(WHO/FAO, 2001).

Importance of the human exposure to ochratoxin A from foods of animal origin compared to overall human
dietary ochratoxin A exposure can be assessed making use of the information contained in the report on a task
on human exposure assessment to ochratoxin A which has been finalised in January 2002 at EU level within the
framework of co-operation by Member States in the scientific examination of questions related to food (SCOOP
— Task 3.2.7) http://europa.eu.int/comm/food/fs/scoop/3.2.7_en.pdf

Nordicum is found frequently on fermented meat products and ochratoxin A formation on these products can
not be excluded.

http://www.efsa.eu.int 5/36
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Ochratoxin A consists of a chlorinated dihydroisocoumarin moiety linked through a 7-
carboxyl group by an amide bond to one molecule of L-fB-phenylalanine. Ochratoxin A is
chemically  described as  N-[(5-chloro-3,4-dihydro-8-hydroxy-3-methyl-1-oxo-1H-2-
benzopyran-7-yl) carbonyl]-,(R)-L-Phenylalanine (C;0H;3CINOg, MW:403.8, CAS:303-47-9).
The chemical structure of ochratoxin A is given in figure 1.

©\/(ﬁ0]—1 (6] OH (6]

Figure 1. Chemical structure of ochratoxin A

Ochratoxin A is relatively stable and the toxin is only partially degraded under normal
cooking, roasting and fermenting processes, and thus the toxin can be detected in various
manufactured food products. Many countries have generated data on occurrence of ochratoxin
A in foods and SCOOQOP reports on ochratoxin A have been published in 1997 (EC, 1997) and
in 2002 (EC, 2002). The 2002 report summarises detailed data on ochratoxin A in foodstuffs
from 12 European countries.

After oral ingestion with foods or feed, ochratoxin A is slowly absorbed from the upper small
intestine. Reaching the systemic circulation, it binds extensively to serum proteins, and
translocates to and accumulates in the kidney resulting in measurable residues, whereas lower
residual concentrations are found in the liver, muscle and fat. Transfer to milk has been
demonstrated in rats, rabbits and humans, but the percentage of ochratoxin A excreted with
milk of ruminants is limited, owing to the degradation of ochratoxin A by the rumen
microflora (Jonker et al., 1999). Despite the relatively long half life of ochratoxin A in blood
serum and several tissues of food-producing animals, it has been estimated that within the EU,
the overall contribution of products of animal origin to human exposure has been estimated to
be not more than 3 % of the total ingested ochratoxin A, but may reach 10 % in certain
regions with distinct preferences for traditional meat products, like blood puddings (EC,
2002).

Risk assessments for ochratoxin A have been performed several times. Ochratoxin A is a
potent nephrotoxin in all animal tested as yet. It is carcinogenic in laboratory rodents, but the
mechanism of the renal carcinogenicity remains unresolved. In rodents, tumours are generally
only observed at dose levels in excess of nephrotoxic doses. The minimum nephrotoxic dose
in rats (karyomegaly of proximal tubule cells) is 15 pg/kg b.w./day while renal tumours arise
at doses of 70 pg/kg b.w./day for two years. However, at present, a genotoxic mechanism
cannot be excluded unequivocally''.

A Nordic expert Group proposed a Tolerable Daily Intake (TDI) of 5 ng/kg b.w./day (NNT,
1991). The Canadian Authorities proposed a provisional TDI of 1.2 - 5.7 ng/kg b.w./day
(Kuiper-Goodman, 1996). The Scientific Committee on Food expressed the opinion that
exposure should be below 5 ng/kg b.w./day (EC, 1998). The Joint Expert Committee on Food

! The final report of an EU Concerted Action (QLK1-2001-01614), devoted to the identification of the potential
genotoxicity of ochratoxin A is not yet available.
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Additives, in 2001, retained its previously established provisional Tolerable Weekly Intake of
100 ng/kg b.w. per week, pending the results of on-going studies on the mechanisms of
nephrotoxicity and carcinogenicity (WHO/FAO, 2001). The International Agency for
Research on Cancer (IARC) had evaluated ochratoxin A in 1993 (IARC, 1993), and classified
it as possibly carcinogenic to humans (group 2B), based on sufficient evidence for
carcinogenicity in animal studies and inadequate evidence in humans.

2. Methods of analysis

For the monitoring of the presence of ochratoxin A in food and feed materials, various
methods of analysis exist, which are discussed in an exhaustive review by Scott in 2002. Most
methods of analysis for ochratoxin A include immunoaffinity (IA) cleanup in combination
with liquid chromatography (LC), followed by fluorescence detection (FLD). Detection can
also be done with mass spectrometry (MS). In addition to LC, thin layer chromatographic
(TLC) methods and enzyme-linked immunosorbent assays (ELISA) are also available.
ELISAs are very sensitive; however the uncertainty of the results is generally higher than for
the chromatographic procedures. Newer methods have been developed based on biosensor
technology'?, but these are not yet commonly used. Several methods of analysis (TLC, LC)
for ochratoxin A have been validated through formal (AOAC) collaborative studies (AOAC
International, 2000), and several LC methods for the determination of ochratoxin A in
foodstuffs (e.g. grains) have been standardised by the European Committee for
Standardisation (CEN) (De Vreeze, 2003). CEN has also established general performance
criteria for methods of analysis for ochratoxin A (CEN, 1999). Interlaboratory-validated and
standardised methods, specifically tested for ochratoxin A in animal feedstuffs, are not yet
available.

Certified reference materials and ochratoxin A calibrants are available. The certified reference
materials consist of naturally contaminated wheat flour and a blank wheat flour. Through
adequate mixing at certain ratios, materials for analytical quality assurance can be obtained at
other desired levels. The reference calibrants are commercially available, and they are
supplied as solutions of ochratoxin A e.g. in benzene-acetonitrile. The certified reference
materials are available through the European Commission’s Joint Research Centre/Institute
for Reference Materials and Measurements (see http://www.irmm.jrc.be). The Food Analysis
Performance Assessment Scheme (FAPAS®) organises proficiency tests for ochratoxin A
several times a year. Recent FAPAS studies (FAPAS, 2003/2004) show that IA cleanup, in
combination with LC and FLD is, by far, the most often used procedure to determine
ochratoxin A. Only incidentally determination is done with TLC, ELISA or a fluorimeter. MS
and UV detectors are sporadically used. The studies showed that satisfactory scores for the
participants ranged from 83 % to 100 % for various test materials. Animal feedingstuffs were
not included, but three of the studies involved cereals. For these cereals the assigned levels
tested ranged from 6.4 — 23.4 pg/kg, and the satisfactory scores ranged from 85 - 100 %. The
results of these FAPAS studies indicate that participating laboratories generally had their
methods of analysis for ochratoxin A well under control. The reference materials and the
proficiency studies are indispensable for providing a sound quality assurance framework for
measurements of ochratoxin A.

2 MycoSens 2003, Alpha Bioverfahrenstechnik GmbH, http://www.alphabvt.com/homeengl.htm
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3. Current legislation

Approximately 40 countries around the world had set regulatory or guideline levels for
ochratoxin A in food and animal feed in 2003 (FAO, 2004), whereas in 1996 ochratoxin A
was regulated in only 10 countries (FAO, 1997). In the EU, harmonised regulations exist for
ochratoxin A in raw cereal grains including rice and buckwheat, all products derived from
cereals, dried vine fruit and baby food". EU-harmonised limits for ochratoxin A in coffee,
wine and grape juices are close to be set. Several other countries in Europe, Asia, North and
Latin America have set limits for ochratoxin A in cereals and cereal products, ranging from 3
— 50 pg/kg (FAO, 2004). Codex Alimentarius is also in the process of developing maximum
levels for ochratoxin A in wheat, barley, rice and derived products, and has issued a Code of
Practice for the prevention and reduction of ochratoxin A in cereals (Codex Alimentarius,
2003). EU-harmonised specific limits for ochratoxin A in animal feedstuffs have not been
proposed yet, but limits have been established at the national level in 8 countries. These
countries include Estonia, Lithuania, Slovenia and Sweden, reporting the existence of limits
for ochratoxin A in various feedstuffs (including feeds for cattle, pigs, poultry and other farm
animals; see table 1) (FAO, 2004). In addition to legislation on ochratoxin A in animal feed,
national legislation exists on ochratoxin A in products of animal origin in three countries:
Denmark (for pig kidney), Estonia (for pig liver) and Italy (for pig meat and derived
products).

4. Occurrence of ochratoxin A in feed materials

Ochratoxin A occurrence in animal feed and feed components is predominantly a problem of
poor or inadequate drying of cereals prior to storage, or poor storage conditions leading to
‘hot-spots’ of contamination. There is extensive published literature concerning ochratoxin A
contamination of cereals, although whether they are destined for animal feed or human
consumption is not always indicated from surveys. Where cereals are known to be destined
for feeds, there is rarely a distinction made as to whether destined for cattle, pigs, sheep or

poultry.

There has been substantial surveillance data generated by EU Member States (EC, 2002),
which is collated in Table 2. This shows that for wheat, oats, rye, barley and maize, out of
1500 samples analysed, only 61 samples (4 %) contained ochratoxin A above 1 pg/kg with
the highest level reported being 27 pg/kg in a rye sample from Sweden. These SCOOP data
were aimed at assessing human exposure and data on ochratoxin A in cereals is probably
weighted towards the better quality grains destined for human consumption. UK data from
1997 on 306 samples of farm-stored grain samples destined for animal feed (Scudamore et al.,
1999) showed ochratoxin A as being detectable in 45 samples (15 %) above 1 pg/kg with the
highest level being 17.8 ng/kg in a sample of barley. There was a significant correlation
between ochratoxin A concentration, and moisture content, storage time and geographical

BCommission Regulation No 472/2002 of 12 March 2002 amending Regulation (EC) No 466/2001 setting
maximum levels for certain contaminants in foodstuffs. OJ L 75, 18-20, 2002.
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area. Further work in 1999 (MacDonald et al., 2004), indicated that of, 320 samples,
ochratoxin A was detectable in 35 samples (11 %) above 1 pg/kg with the highest level being
231 pg/kg in a sample of feed wheat. Jonsson and Pettersson (1999) studied the effect on
ochratoxin A levels of different grain preservation methods at the farm level in Sweden (1986
- 89). They found ochratoxin A (> 1 ng/kg) in 28 % and 15 % of samples from cereals dried
with ambient air (n = 82) and heated air (n = 91), respectively. Highest concentrations were
1383 pg/kg and 680 pg/kg in the cereals from the two methods. Cereals from other
preservation methods, such as acid treatment and air-tight storage, did not contain detectable
levels of ochratoxin A.

Data world-wide on ochratoxin A occurrence prior to 1994 has been summarised (Van
Egmond and Speijers, 1994) and for Europe showed a picture of significantly higher
incidence of contamination with maximum levels of contamination ranging up to several
thousand pg/kg in some instances. Particularly high levels of ochratoxin A contamination (>
1000 pg/kg) were reported in samples of maize, wheat, rye, oats and barley from Austria,
Bulgaria, Poland, and the Czech Republic (Van Egmond and Speijers, 1994), all countries
which notably were not included in the SCOOP data in Table 2. Data from Hungary (Rafai et
al., 2000) reporting results from 1681 cereal samples obtained between 1991 - 1998 found
ochratoxin A in maize, wheat, barley, oats, triticale, rye, soybean and sunflower at incidence
levels from 2.5 % to 18 %, at levels ranging up to 1850 pg/kg and with average levels from 76
to 350 pg/kg again being significantly higher than data in the SCOOP report (EC, 2002).
Apart from cereals as animal feed components, ochratoxin A has also been found in palm
kernel, rice bran, dried peas and beans (Scudamore et al., 1997) and sunflower seeds (Juric et
al., 1999).

Relatively high occurrence and concentrations of ochratoxin A can be obtained in the final
mixed feeds, as results from Lithuania indicate. Ochratoxin A (> 10 pg/kg) was found in 92 %
and 93 % of mixed feeds produced 1999 in Lithuania for pigs (n = 25) and poultry (n = 27),
respectively (Garaleviciene et al., 2002). The highest concentration of ochratoxin A was 68
ng/kg for both types of mixed feed.

The fact that ochratoxin A is heterogeneously distributed in a contaminated lot of feed
material makes the sampling problematic. Unless surveys encompass large sample sizes and
statistically representative sample numbers, such surveys may well be flawed into the insight
they can provide as to the real situation with animal feed contamination with ochratoxin A. It
has been shown that an alternative method to monitor the ochratoxin A contamination in the
feed is to analyse blood samples from pigs, which reflect the toxin content of the ingested
feed (Hult et al., 1979, 1980, 1984). However, this method is not suitable to use for animals
with high plasma clearance, such as poultry or fish, or animals with low absorption, such as
ruminants. Holmberg and co-workers (1990a,b) further developed this and collected pig blood
samples (> 2500) over six years to study the contamination of cereal grain in Sweden.
Ochratoxin A (= 2 ng/ml blood) was found in 18 % of the samples and the yearly incidence
varied between 11 — 35 %. The average ochratoxin A concentration in positive samples varied
between 6.7 and 9.4 ng/ml blood, and the highest concentration found was 400 ng/ml. The
annual variation was primarily a function of the moisture content of the grain at the time of
harvest, showing increased contamination levels of during years with wet harvest conditions.
Seasonal variations were also observed with an increased incidence and higher blood levels in
pigs of ochratoxin A after prolonged storage of the grain. Regional differences were also seen,
with higher occurrence for example in the province of Gotland, Sweden. Finally, it has been
demonstrated that managerial measures, such as the use of heated air for drying the grain lead
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to significantly lower toxin levels in the finished feed, and subsequently the prevalence of
ochratoxin A in the blood samples from pigs.

In a study conducted in Romania, blood serum, kidney, liver and muscle samples were
collected from slaughtered pigs. A total of 98 % of serum samples were ochratoxin A positive
in the range 0.05 to 13.4 ng/ml (85 % were < 5 ng/ml) indicating a high incidence of feed
contamination. Occurrence of ochratoxin A in kidney and liver were similar (79 - 75 %,
respectively) with corresponding mean levels of 0.54 and 0.16 ng/g. The lowest incidence (17
%) and the lowest mean level contamination (0.15 ng/g) occurred in muscle samples. Mean
distribution followed the pattern serum > kidney > liver > muscle (100 %; 26 %; 8.5 %; 2.6
%). No ochratoxin B could be detected. (Curtui et al., 2001).

The SCOOP report (EC, 2002) contains fairly limited data on occurrence of ochratoxin A in
meat and meat products across all Member States but does have extensive data in some
instances For example: for pork offal from France (2 % of 1011 samples contained ochratoxin
A above 1 pg/kg — maximum level = 6 pg/kg), pork, ham and sausages from Germany (1 %
of 686 samples contained ochratoxin A above 1 pg/kg — maximum level = 9 pg/kg), and pig
kidneys, black pudding and sausage/pate products from the UK (123 samples with mean
values 0.6 - 1.1 pg/kg and a maximum level of 9.3 pg/kg). These results are consistent with
other published work e.g. for pigs in Romania, where in kidneys mean levels of 0.5 pg/kg,
and levels around 0.1 pg/kg in the muscle were found (Curtui et al., 2001). It is difficult to
correlate this data to feed intake, but, for example, for the UK where average levels in pork
products are around 1 pg/kg, this finding suggest a higher rate of exposure than indicated
from animal feed surveillance data (notwithstanding that there is ochratoxin A accumulation
and long half-life).

Several reports have been published on the occurrence of porcine nephropathy and ochratoxin
A in damaged kidneys, collected at slaughterhouses in north European countries (Rosseau and
van Peteghem, 1989; Biichmann and Hald, 1985; Golinski et al., 1984, 1985 and review by
Krogh, 1991). Ochratoxin A concentrations above 150 pg/kg have occasionally been found in
kidneys with signs of ochratoxicosis. However, the prevalence of damaged pig kidneys has
not always been given, and may vary considerably. In Denmark, the reported frequency of
affected kidneys can vary between 10 and 80 cases per 100 000 slaughtered pigs (Biichmann
and Hald 1985, and review by Krogh, 1991). These findings suggest that pig feed may contain
relatively often ochratoxin A, resulting in tissue accumulation and subsequently kidney
damage.

In conclusion, the SCOOP data probably underestimates ochratoxin A exposure via animal
feed as it focuses primarily on food grade materials. The data are also deficient in that they do
not include results from the new EU member states where there are some indications from the
literature that incidence of occurrence of ochratoxin A in cereals and levels might be
significantly higher than elsewhere. This might be related to differences in practices in drying
and storing grains, and in climatic conditions, which make cereals more prevalent to
ochratoxin A contamination. Limited data on animal products indicates the occurrence of
ochratoxin A in pork and pork products. Although, these data cannot be directly extrapolated
to feed contamination, they suggest a higher or more frequent exposure than estimated form
the animal feed data.

5. Estimating ochratoxin A intake by farm livestock
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In most cases, pigs and poultry are fed with complete diets, which are manufactured
commercially or prepared at the farm level. Roughly, the diets consist of 40 - 80 % cereal
grains including by-products, 0 - 50 % protein concentrates, 0 - 10 % oil and 0 - 10 %
minerals, vitamins and other supplements. In general, the proportion of protein concentrates is
higher and the cereal proportion is lower in diets for growing animals, and for poultry as
compared to pigs.

In ruminants, the concentrate portion of the diet is principally composed of the same materials
as used for monogastric animals. The total amount of concentrate (cereal grains plus protein
concentrates) in diets for dairy cows varies between 0 and 70 %, depending on the milk yield.
The remaining 30 — 100 % of the diet are composed of roughage.

The great variability in diet composition for the major farm animal species and the
heterogeneity in distribution of ochratoxin A in animal feeds preclude a calculation of actual
exposure levels based on the occurrence of ochratoxin A in individual feed materials.

Potential intakes that would arise at different levels of contamination of complete diet may be
calculated on the basis that young, rapidly growing animals consume approx. 10 % of body
weight daily, declining to approx. 5 % in adult animals. If the complete diets contained the
commonly observed levels of contamination in cereals of up to 30 pg/kg feed, intakes in
young animals fed exclusively on such diets would be less than 3 ug/kg b.w., thus remaining
below the LOEL for nephrotoxicity in the pig (see below). However, the highest observed
levels of contamination (> 1000 ug/kg) could give rise to nephrotoxic levels of intake (see
below). Contamination levels of 100 pg/kg for complete pig feed would lead to intakes close
to the LOEL in young animals fed exclusively on such diets.

As indicated above, exposure to ochratoxin A may also be estimated from analysis of blood
levels that provide an indication of the overall intake during the past weeks. Comparison of
such estimates with analytical data on feed suggests that calculations based on observed levels
in feed may underestimate exposure.

6. Adbverse effects on livestock

6.1. Pigs

The pig is one of the most sensitive species to the adverse effects of ochratoxin A and much
more sensitive than most laboratory animal species except the dog. The oral LDs in the pig is
about 1 mg/kg b.w. (Harwig et al., 1983).

Nephrotoxicity
The presence of ochratoxin A in feed was considered to be the most important cause of

spontaneous porcine mycotoxic nephropathy (Krogh, 1978).

In female pigs, dietary levels as low as 0.2 mg/kg diet (equivalent to 8 nug/kg b.w./day) for 90
days caused a reduction in renal activity of cytosolic phosphoenolpyruvate carboxykinase and
gamma-glutamyl transpeptidase accompanied by decreased kidney function as indicated by
reduced tubular excretion of p-aminohippurate and increased glucosuria. In chronic toxicity
studies, progressive nephropathy but no renal failure was observed at dietary levels of 1
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mg/kg diet (40 pg/kg b.w./day) for two years. (Krogh and Elling, 1977; Elling, 1979, 1983;
Meisner and Krogh, 1986; Krogh ef al., 1988). Based on the effects on enzymes and kidney
function, a NOEL could not be established from these studies, and 8 pg/kg b.w./day must be
considered as a LOEL.

In a Belgian study (Rosseau. and van Peteghem, 1989) two groups of pigs (95 pigs with
suspected ochratoxicosis (I) and 385 pigs (II, selected at random), both groups showing
macroscopic lesions, were examined for ochratoxin A in kidneys. In group I, 28 kidneys had
ochratoxin A concentration > 0.2 pg/kg. Follow-up studies showed feed concentrations up to
7.2 pg/kg. In group I, 68 samples had ochratoxin A levels > 0.2 pg/kg.

Immunotoxicity
Ochratoxin A has been described to affect humoral and cellular immunity in several species.

However, the only systematic study in the pig was by subcutaneous injection (and not via the
diet) of pure or crude ochratoxin A (Miiller et al., 1999). The animals were given doses of 7 -
50 pg/kg b.w./day for 19 - 39 days, and were then challenged by inhalation with Pasteurella.
A reduction in relative lymphocyte counts and an increase in total leukocyte, relative
neutrophil and eosinophil counts were found. Ochratoxin A decreased the phagocytotic index
of individual cells and decreased expression of the lymphocyte surface marker, SWC1, but
did not affect lymphocyte proliferation, an effect that had been described in ex vivo
experiments (Holmberg et al., 1988).

Reproductive and developmental toxicity

Ochratoxin A is teratogenic in laboratory species (rat, mouse and hamster) (Arora and Frélen,
1981, Singh and Hood, 1985, Moré and Galtier, 1974, 1975, Hood et al. 1976) at high
experimental doses, but there are no data available on these aspects in pigs. This is
remarkable in that it is expected that increased malformations in piglets would have been
reported because of the economic consequences. However, the doses that produced these
effects in rodents were significantly higher than the nephrotoxic doses.

Ochratoxin A has been reported to have an adverse effect on sperm production and semen
quality in boars given daily doses of 20 pg per animal. The effects were seen only after a lag
period following withdrawal of exposure, suggesting that they were caused at an early stage
of spermatogenesis. No histological effects were observed on Leydig cells or epididymal
structures (Biro et al. 2003).

6.2. Poultry

The oral LDsy in chickens is about 3.3 mg/kg b.w., demonstrating that chickens are less
sensitive than pigs. In groups of broiler chickens given ochratoxin A at a dietary
concentration of 4 mg/kg for 2 months, the mortality rate was 42 %. When the feed was
supplemented with 0.8 or 2.4 % phenylalanine, the mortality rate was decreased to 12 and 15
% respectively (Gibson et al., 1990).

When laying hens were given feed naturally contaminated at levels of 1.3, 2.6 or 5.2 mg/kg

feed, egg production decreased in a dose-dependent manner, being as low as 28.4 % of
normal values in the highest dose group (Scholtyssek et al., 1987; Bauer et al., 1988)

Nephrotoxicity
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The presence of ochratoxin A in feed is thought to be the most important cause of poultry
nephropathy (Elling et al., 1975) but quantitative dose-response data are lacking and the
NOEL for nephropathy has not been established.

When broiler chickens were given feed containing ochratoxin A at 2.5 mg/kg diet, there was a
significant reduction in weight gain and an increase in relative kidney weight associated with
increases in serum uric acid and triglycerides, and decreases in total protein and albumin
(Gentles et al., 1999). In a gavage experiment, in which broilers were given ochratoxin A at a
dose of 350 pg/kg b.w. over a period of 28 days, no adverse clinical effects were observed,
but histological examination of the kidneys revealed mild glomerulonephrosis with enlarged
glomeruli and swollen capillary and mesangial cells (Biro et al., 2002).

Immunotoxicity

The lymphoid cell population was decreased in chickens fed diets containing ochratoxin A at
a concentration of 2 - 4 mg/kg for 20 days and the levels of IgG, IgA and IgM were depressed
in lymphoid tissues and serum (Dwivedi and Burns, 1984a,b). Complement activity was
slightly affected in birds fed such diets for 5 - 6 weeks (Campbell et al, 1983).
Immunosuppression was observed when chickens were fed diets containing ochratoxin A at
levels of 0.5 or 2 mg/kg.; the treated birds had reduced lymphocyte counts and weights of
thymus, spleen and bursa of Fabricius (Singh et al., 1990).

These data do not allow a NOEL to be established for immunotoxicity in chickens.

6.3. Dogs

When beagle dogs were given doses of ochratoxin A equivalent to feed levels of 5 — 10 mg/kg
feed, necrotic changes were seen in the intestine, liver, kidney, spleen and lymphoid tissue
(Szczech et al., 1973a,b).

Nephrotoxicity
When dogs were given doses of ochratoxin A of 0.1 or 0.2 mg/kg b.w./day for 14 days, no

changes in renal function were observed but kidney tubular necrosis and ultrastructural
changes in proximal tubules were seen at both dose levels (Kitchen et al., 1977a,b,c).

Immunotoxicity
In the above study by Kitchen et al. (1977a,b,c) necrosis of lymphoid tissue was seen in the
thymus and tonsils of dogs exposed to ochratoxin A.

A NOEL for nephrotoxicity or immunotoxicity in the dog could not be established from the
above studies.

6.4. Ruminants

Cows, sheep and goats are considered to be less sensitive to the toxicity of ochratoxin A due
to an extensive pre-absorptive metabolism in the rumen, where the rumen flora converts
ochratoxin A into the less toxic ochratoxin a (see below).

In contrast, if pre-ruminant calves obtained feed containing 0.1 - 2 mg ochratoxin A/kg b.w.
for 30 days, polyuria and mild enteritis was observed; at termination there was mild renal
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tubular degeneration (Pier er al., 1976). Mature cows given oral doses of ochratoxin A
ranging from 0.2 — 1.66 mg/kg b.w. for 4 days remained clinically normal; a single cow given
one dose of 13.3 mg/kg b.w. developed diarrhoea, anorexia and cessation of milk production
one day later (Ribelin ef al., 1978).

6.5. Equidae

The available data are confined to individual case reports of suspected ochratoxin A
intoxications, in which no quantitative assessment of toxin exposure is presented.

7. Toxicokinetics, metabolism and tissue distribution

There is extensive literature on the toxicokinetics, metabolism and tissue distribution of
ochratoxin A, and this has been reviewed in the toxicological monographs published by the
JECFA and TARC (WHO, 1990, 1991, WHO/FAQ, 2001). In most species, ochratoxin A is
absorbed primarily from the small intestine, maximally from the proximal jejunum. In
ruminants there is extensive metabolism to ochratoxin o in the rumen prior to absorption.
Following absorption, ochratoxin A binds to serum albumin and other macromolecules, which
retards elimination by limiting glomerular filtration and thus renal excretion. The serum half-
life of ochratoxin A depends inter alia on the avidity of binding to serum proteins and there
are large interspecies differences in half-lives. For example, ochratoxin A has a long half-life
in non-ruminant mammals, e.g. 24 - 39 hours in mice, 55 - 120 hours in rats, 72 - 120 hours in
pigs, 510 hours in one macaque and 840 hours in a human volunteer, whereas in poultry, the
half-life is rather short (3.5 - 4 hours) (Hagelberg et al., 1989, WHO/FAO, 2001).

There is little metabolism of ochratoxin A in mammalian tissues and only about 1 - 1.5 % of
the dose undergoes oxidative metabolism to the 4-hydroxy derivative in the rat (Storen ef al.,
1982), whereas 33 % is excreted via bile (Suzuki et al., 1977). Part of the dose is converted by
the gut microflora to ochratoxin a, which is absorbed and excreted in urine as well. The extent
of enterohepatic circulation also influences the serum half-life. Excretion occurs both in bile
and urine, the relative amount via either route depending on species and dose.

7.1 Pigs

The overall absorption of ochratoxin A in pigs is about 66 % (Galtier et al., 1981). Upon
absorption, ochratoxin A is extensively bound to serum proteins (predominantly to albumin).
The serum half-life is 72 — 120 hours (Galtier et al., 1981; Mortensen et al., 1983a) and the
clearance of ochratoxin A from blood is slower than from kidney, liver and other tissues (Hult
et al., 1979). This indicates that at a constant level of intake from the diet, steady-state blood
concentrations will be reached after about 3 weeks of exposure. Elimination occurs via the
kidneys and with bile fluid. In the kidneys (only the non-protein-bound fraction will pass
glomerular filtration) re-absorption can occur in the proximal tubules, contributing to the slow
elimination and tissue accumulation of ochratoxin A.

Diaplacental transfer has been demonstrated in rats (WHO/FAQO, 2001), but there are
conflicting reports concerning placental transfer in the pig. Previous data had suggested that
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ochratoxin A administered to pregnant sows at a dose of 380 pg/kg b.w on days 21 - 28 of
gestation did not cross the placenta (Patterson et al.,, 1976) and no residues were found in the
piglets of sows fed diets containing ochratoxin A throughout gestation at 7 - 16 pg/kg b.w.
(Mortensen et al., 1983b). Conversely, ochratoxin A was reported to be transmitted to piglets
in utero when the sow was fed naturally contaminated feed; the blood levels in newborn
piglets were 0.075 - 0.12 ng/ml compared to maternal levels of 0.20 ng/ml (Barnikol and
Thalmann, 1988).

Ochratoxin A may be displaced from serum albumin by other xenobiotics, including other
mycotoxins and veterinary drugs, some of which have a high binding affinity to serum
proteins as well (Galtier et al.,, 1980). For example, in a 90-day feeding trial with pigs, given
ochratoxin A at 100 pg/kg; zearalenone at 250 pg/kg; and deoxynivalenol at 1000 pg/kg diet,
changes in the metabolism and rate of excretion of ochratoxin A, dependent on the presence
of other mycotoxins in the feed, were observed (Lusky, 2001).

7.2  Poultry

The overall rate of absorption of ochratoxin in chickens is approximately 40 % (Galtier et al.,
1981). The serum half-life of ochratoxin A is about 4 hours (Galtier et al., 1981) i.e. much
shorter than in the pigs and other mammals. Like in other species, the highest residual
amounts of ochratoxin A are found in the kidneys and livers.

There are conflicting reports about transfer to eggs. No ochratoxin A was found in eggs from
hens fed ochratoxin A (Krogh et al., 1976a); conversely, detectable levels were found in eggs
of birds fed 10 mg/kg b.w. (Juszkiewicz et al., 1982) but not 1 mg/kg b.w. (Piskorska-
Pliszczynska and Juszkiewicz, 1990). In a study in which laying hens received feed
containing 1.3, 2.6 and 5.2 mg ochratoxin A/kg feed, levels in eggs were determined using a
validated HPLC method (LOD 0.3 pg/kg egg white, LOD 1.0 ng/kg egg yolk). After 4 weeks
exposure, concentrations in the eggs were between 0.1 and 0.2 mg/kg in egg white,
independent of dose; levels in yolk increased in a dose-dependent manner from 1.6 pg/kg to
4.0 ug/kg (Scholtyssek et al., 1987; Bauer et al, 1988). In the latter study, mean serum
concentrations varied between 4.7 and 11.7 pug/L while residues in liver averaged from 9.1 to
18.0 pg/kg in the three dose groups (see also table 4).

7.3. Ruminants

In young (pre-ruminant) calves, 85 — 90 % of orally administered ochratoxin A is excreted in
urine, mainly as ochratoxin o (Sreemannarayana et al., 1988). Ochratoxin o may undergo
intestinal re-absorption.

In adult ruminants, ochratoxin A is largely degraded by the ruminal microflora into the less
toxic ochratoxin o, as mentioned above. In vitro studies with rumen contents indicate that
there is effective conversion towards ochratoxin o by ruminant protozoa and it has been
calculated that up to 12 mg/kg feed could be converted in this way in cattle (Hult ez al., 1976;
Pettersson et al., 1982).

Sheep rumen flora seems to have a lower capacity to degrade ochratoxin A before it is
absorbed (Kiessling et al, 1984). In a recent study, the metabolism of ochratoxin A was
investigated over a period of 29 days, feeding various doses of ochratoxin A (0, 9.5, 19.0, and
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28.5 ng/kg b.w.) to sheep (Blank et al., 2003). Animals were fed 70 % concentrates and 30 %
grass silage. Significant levels of ochratoxin A were detected in serum of sheep at all levels of
ochratoxin A tested. Serum concentrations of ochratoxin A slightly increased with time of
exposure, and were linearly dependent on the administered dose of ochratoxin A. The serum
values seemed to reach a maximum level at day 23 and the levels ranged from 6.0 to 18.2
ug/L in the highest dose group. In addition to the parent compound, small amounts of
ochratoxin o could be detected.

7.4. Fish

The toxicokinetics of ochratoxin A have been studied in carp (Cyprimus carpio) given doses
of 50 pg/kg b.w. by oral gastric tube, or intravenously. The serum half-life was 8.3 hours
following intravenous administration and 0.68 hours after oral dosing. It was suggested that
the low bioavailability was due to hydrolysis or conjugation (Hagelberg et al., 1989).

Whole-body radiography studies in rainbow trout have shown that the highest concentrations
of ochratoxin A or its metabolites are found in kidney, urine and bile, and not in the blood or
muscular tissue (Fuchs et al., 1986).

8. Carry-over and residues

In a number of feeding experiments in Denmark and Germany, residues of ochratoxin A in
tissues and blood from pigs have been studied (Krogh et al., 1974, Madsen et al., 1982a,b,
Mortensen et al., 1983ab, Lusky et al, 1993, 1994, 1995). In most cases naturally
contaminated feeding materials were used, at toxin levels varying between 25 and 1989 pg/kg
feed. Data from these experiments are displayed in table 3.

Reviewing these data no obvious linear relationship between feed levels and tissue
concentrations can be established, which is in line with the toxicokinetic characteristics of
ochratoxin A showing a saturation kinetic in blood serum (due to high protein binding) and a
selective accumulation in renal tissue (due to selective transport mechanisms). Furthermore
levels in renal tissue depend on integrity of the kidneys and duration of exposure. As yet, all
studies show that residue concentrations in slaughtered pigs can be ranked as follows: serum
levels > kidney > liver > muscle tissue and fat (Harwig et al., 1983; Mortensen et al., 1983a;
Madsen et al., 1982a,b).

Surveillance data confirm that the highest amount of ochratoxin A occur in blood serum, and
that these levels do not normally exceed 15 ng/ml although levels of several hundred ng/ml
occur occasionally (Holmberg et al., 1990a,b; Langseth et al, 1993; Ominski et al., 1996;
Curtui and Gareis, 2001). Levels in pork edible offal generally are below 10 pg/kg (table 5
and 6), and in muscle tissue and fat < 0.3 pg/kg.

Ochratoxin A was determined in 90 samples of pork ham (derived from hind legs) obtained
from 9 different farms in Italy (Spotti, 2002). Sixty percent of the samples were positive and
the average concentration was 0.125 pg/kg. Only 3 of the samples showed a contamination
exceeding 1 pg/kg.
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Residue analyses after feeding chickens various diets have been performed by Krogh et al.
(19764a), Prior et al. (1980), Golinski et al. (1983), Niemiec ef al. (1988) and Micco et al.
(1987; 1988). Most residue analyses have been performed after feeding with more than 1000
pg ochratoxin A per kg of feeding stuff. In these experiments, the residues in the liver varied
between 2 and 11 pg/kg, and in muscles 2 pug/kg were found.

There are five studies on residue formation in hens following exposure to ochratoxin A
(Juszkiewicz et al., 1982; Reichmann et al., 1982; Micco et al., 1987; Bauer et al., 1988;
Niemiec et al., 1994). The results of these studies are included in table 4 (annex). No direct
relation between the concentrations in the feed and the reported residue concentrations could
be established. This might be attributed to the fact that all residue levels were rather low,
approaching the limit of quantification of the methods of analysis used.

According to the presented estimations eggs may contain 0.11 % of the toxin concentration
present in the feed. Following administration of ochratoxin A to laying hens at dietary levels
of 1.3, 2.6 and 5.2 mg/kg feed, concentrations in egg white were 0.1 - 0.2 pg/kg and in yolk
were 1.6 — 4 pg/kg (Scholtyssek et al., 1987; Bauer et al., 1988).

Transmission of ochratoxin A into milk has been shown in monogastric animals such as rats,
pigs and humans (Breitholtz-Emanuelsson ef al, 1993a; Mortensen et al, 1983a,b).
Ochratoxin A has also been found in bovine milk in low concentrations (Breitholtz-
Emanuelsson et al., 1993b), indicating that small amounts may escape rumen metabolism, and
are absorbed. Concentrations of ochratoxin A (10 - 58 ng/L) have been found in Swedish and
Norwegian milk samples from road tankers (Breitholtz-Emanuelsson, 1993b) and in

commercial samples (Skaug, 1999), but not in retail samples collected in Germany (Valenta
and Goll, 1996).

Carry over into tissues might be affected by other mycotoxins, and other xenobiotics in
general. For example, a 90-day feeding trial with pigs, given ochratoxin A at 100 pg/kg,
zearalenone at 250 pg/kg, and deoxynivalenol at 1000 pg/kg diet, indicated that metabolism
and excretion of ochratoxin A were influenced by the presence of other mycotoxins in the
feed (Lusky, 2001). Residue concentrations were recorded in different tissues, including
blood (77.0 pg/kg), muscle tissue (10.4 pg/kg), kidneys (43.6 ug/kg), liver (36.7 pg/kg) and
heart (50.1 pg/kg) (Lusky, 2001).

9. Human dietary exposure

In the SCOOP report (EC, 2002) the number of data on ochratoxin A in meat products was
1890. Almost all of them concerned pork-derived products but 41 data, all being negative,
were given for poultry meat. The highest daily intake value, 0.2 ng/kg b.w. was observed for
girls, 4 - 6 years old. The general intake from meat products was low, representing about 3 %
of the total intake. However, data were provided only by 4 member states and Norway (table
5). Furthermore, no or few data was available on products containing pig blood/plasma. Pig
blood may contain high levels of ochratoxin A and in some member states pig blood/plasma
is used in high amounts in different kind of meat products (sausages, black pudding). More
intake estimates are presented in table 6, using additional data provided in the SCOOP report
and other published surveys.
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JECFA (WHO/FAO, 2001) estimated the intake of ochratoxin A from pork to be 1.5 ng/kg
b.w./week and from poultry to be 0.25 ng/kg b.w./week. For this report, most of the data
submitted for pig meat and products were for pig liver and kidney, whereas the figures for
food consumption were based on pig meat. Hence, the resulting estimate has been considered
as a gross overestimation of intake of ochratoxin A from pork meat.

In a report from the Swedish Ministry of Agriculture (Olsen, 1997), written in connection
with the Swedish derogation from EC legislation, a theoretical estimation of exposure to
ochratoxin A from foods of animal origin was presented. These theoretical levels were based
on the assumption that the mean values of ochratoxin A in all feed materials, amount to 50 %
of the Swedish maximum permitted levels for feedingstuffs (100 pg/kg feed intended for
pigs). Results from these estimations indicate that the intake of ochratoxin A by adult men
was larger than 10 % of the TDI (5 ng/kg b.w.). However, children (17 kg b.w.) could even
exceed the TDI, merely through high consumption (95 percentile corresponding to 13 g/day)
of black pudding (containing 8.3 pg ochratoxin A/kg).

In a German study (Gareis and Scheuer, 2000) a total of 620 samples of meat and meat
products available on the market were analysed for the presence of ochratoxin A. Among the
meat products, blood sausages and liver-type sausages were most frequently contaminated (77
and 68 %, respectively). Maximum levels in liver and blood sausages were 4.6 and 3.2 pg/kg,
respectively. These two studies indicate that the assumptions made in the above-mentioned
estimation of the human intake of ochratoxin A from products such as black pudding are not
unrealistic.

Measurements of ochratoxin A in human blood have been widely used as an indicator of
exposure (Bauer and Gareis, 1987; Breitholtz ef al., 1991; Hald, 1991; Golinski et al, 1991;
Creppy et al., 1993; Studer-Rohr, 1995, Palli et al., 1999; Domijan et al, 1999). The
correlation between ochratoxin A levels in human blood and the consumption of different
food items was studied among 406 blood donors (Thuvander et al., 2001). Compared to other
food products (such as cereal products and wine), roast pork and liver paste were correlated to
higher plasma levels of ochratoxin A to only a minor degree.

Ochratoxin A occurrence in mothers milk may also be used as an indicator of exposure
(Gareis et al., 1988, Micco et al., 1991; Breitholt-Emanuelsson et al., 1993b). Human milk
samples were collected from 80 Norwegian women whose habitual food intake during the
previous years was recorded using a quantitative food frequency questionnaire (Skaug et al.,
2001). The concentration of ochratoxin A in the human milk was determined by HPLC
(detection limit 10 ng/L). Seventeen out of 80 human breast milk samples (21 %) contained
ochratoxin A in the range 10 - 182 ng/L. It was found that women with a high dietary intake
of liver paste (liverwurst, liver pate) and cakes (cookies, fruitcakes, chocolate cakes, etc.)
were more likely to excrete ochratoxin A with breast milk.

Gilbert et al. (2001) found a linear correlation between ochratoxin A consumption by humans
and the urine concentration of ochratoxin A, expressed as the total amount excreted,
indicating the suitability of urine analyses in exposure assessment of human populations.
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CONCLUSIONS

e Ochratoxin A is produced by several fungi of the Aspergillus and Penicillium genera,
most notably by P. verrucosum with maize, wheat, rye, oats and barley as the principal
substrates. Post-harvest formation is the most important source of contamination.

e Because of the difference in diet composition and the very heterogeneous distribution
of ochratoxin A in contaminated feed it is difficult to determine exposure of domestic
animals. However, experimental data are available on the relationship of exposure to
tissue and serum levels, and thus exposure can be estimated from data on occurrence
of ochratoxin A in serum and tissues.

e Pigs are generally considered to be the most sensitive farm animal species to the
nephrotoxicity of ochratoxin A. Progressive nephropathy is seen in pigs at dietary
concentrations of 1 mg/kg (equivalent to 40 pg/kg b.w.). No data are available for
establishing a NOEL, but based on effects on renal (diagnostic) enzyme levels and
kidney function, the dietary concentration of 0.2 mg/kg (equivalent to 8 pg/kg b.w.) is
considered to be the LOEL.

e Chickens are also sensitive species, and it is assumed that ochratoxin A is the most
important cause of poultry nephropathy. Quantitative dose response data, however,
allowing establishment of a NOEL or LOEL are not available. Immunotoxicity was
observed at 0.5 mg/kg complete diet.

e Ruminants are less sensitive than monogastric species. This is consistent with data
indicating that prior to absorption, a significant microbial degradation of ochratoxin A
to the less toxic ochratoxin o occurs in the rumen.

e Herbivores such as horses, rabbits and related species that rely on caecal rather than
ruminal fermentation may absorb intact ochratoxin A in the small intestine. Therefore
they are likely to be more sensitive than ruminants, but quantitative data are lacking.

e Other monogastric animal species including dogs, cats and fish are expected to be
sensitive to renal toxicity and immunosuppressive effects, as these have been observed
in all species tested so far. However, quantitative data are available only for dogs, and
these data indicate that renal tubular damage as well as necrotic changes in lymphoid
tissues occurs at 0.2 mg ochratoxin A/kg diet.

e Following ingestion, ochratoxin A is retained in blood serum and may accumulate in
tissues such as kidney and liver. Subsequently, the highest concentrations in slaughter
animals can be found in blood serum, followed by kidney, liver, muscle tissue and fat.
In contrast, in chicken the highest levels of ochratoxin A were found in the liver,
followed by the kidneys, whereas levels in other edible tissues are substantially lower.

Multiple source exposure assessment indicates that food of animal origin contributes only

to a minor extent (generally < 3 %, and in populations with dietary preferences < 10 %) to
human dietary exposure to ochratoxin A.
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RECOMMENDATIONS

e There is a need to establish measures to reduce the formation of ochratoxin A in feed
commodities during transport and storage, including on-farm storage, and to
implement adequate control of moisture (water activity) and temperature changes
during storage.

e Analytical methods with appropriate limits of quantification for feeding stuff need to
be validated by collaborative studies.

o The efficacy of feed control programmes should be assessed by surveys of blood
levels of ochratoxin A in pigs at slaughter.

e More data are needed in order to establish a NOEL for pigs and poultry.

e In order to assess the significance of residue levels in animal tissues, both with respect
to animal health and to human exposure, more extensive occurrence data on
ochratoxin A in animal tissues and products thereof and form other foods, covering all
member states, are required.

REFERENCES

AOAC International, 2000. AOAC Official Methods of Analysis. Methods 973.37
“Ochratoxins in Barley”, 975.38 “Ochratoxin A in Green Coffee”, 991.44 “Ochratoxin A
in Corn and Barley”. In: Natural Toxins, Chapter 49. Trucksess MW (ed). AOAC
International, Gaithersburg, USA.

Arora, R.G. and Frélen, H. 1981. Interference of mycotoxins with prenatal development of
the mouse. 2. Ochratoxin A induced teratogenic effects in relation to the dose and stage of
gestation. Acta Vet. Scand. 22, 535-552.

Barnikol, H. and Thalmann, A. 1988. [Clinical observations in the pig in relation to the
mycotoxins ochratoxin A and zearalenone] Tierdrztl. Umsch. 43, 74-82.

Bauer, J. and Gareis, M. 1987. Ochratoxin A in der Nahrungsmittelkette. J. Vet. Med. B 34,
613-627.

Bauer J., Niemiec J. and Scholtyssek S. 1988. Ochratoxin A im Legehennenfutter. 2.
Mitteilung: Riickstéinde in Serum, Leber und Ei. Archiv fiir Gefliigelkunde 52, 71-75.

Biro, K., Barna-Vetro, 1., Pecsi, T., Szabo, E., Winkler, G., Fink-Gremmels, J. and Solti, L.
2003. Evaluation of spermatological parameters in ochratoxin A-challenged boars.
Theriogenology. 60, 199-207.

Biro, K., Solti, L., Barna-Vetro, 1., Bago, G., Glavits, R., Szabo, E. and Fink-Gremmels, J.
2002. Tissue distribution of ochratoxin A as determined by HPLC and ELISA and
histopathological effects in chickens. J. Avian Pathol. 31, 141-8.

Blank R., Rolfs J.-P., Siidekum, K.H., Frolich, A.A., Marquardt, R.R., and Wolffram, S.
2003. Effects of chronic ingestion of ochratoxin A on blood levels and excretion of the
mycotoxin in sheep. J. Agric. Food Chem. 51, 6899-6905.

http://www.efsa.eu.int 20/36



http://www.efsa.eu.int

*x
*

L1 %y

]

*
VI

*

* | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

*.

Breitholtz, A., Olsen, M., Dahlbick, A. and Hult, K. 1991. Plasma ochratoxin A levels in
three Swedish populations surveyed using an ion-pair HPLC technique. Food Addit.
Contam. 8, 183-192.

Breitholtz-Emanuelsson, A., Palminger, 1., Wohlin, P.O., Oskarsson, A., Hult, K. and Olsen,
M. 1993a. Transfer of ochratoxin A from lactating rats to their offspring: a short-term
study. Nat. Toxins, 1, 347-352

Breitholtz-Emanuelsson, A., Olsen, M., Oskarsson, A., Palminger, I. and Hult K. 1993b.
Ochratoxin A in cow's milk and in human milk with corresponding human blood samples.
J. AOAC International. 76, 842-846.

Biichmann, N.B. and Hald, B. 1985. Analysis, occurrence and control of ochratoxin A
residues in danish pig kidneys. Food Addit. Contam. 2, 193-199.

Campbell, M.L., May, J.D., Huff, W.E. and Doerr, J.A. 1983. Evaluation of immunity of
young broiler chickens during simultaneous aflatoxicosis and ochratoxicosis. Poult. Sci.
62,2138-2144.

CEN (Comité Européen de Normalisation). 1999. Food Analysis — Biotoxins - Criteria of
Analytical Methods of Mycotoxins. CEN report CR 13505, Brussels, Belgium.

Codex Alimentarius Commission. 2003. Code of practice for the prevention and reduction of
mycotoxin contamination in cereals, including annexes on ochratoxin A, zearalenone,
fumonisins and trichothecenes. CAC/RCP-2003. Pre-publication. Food and Agriculture
Organization, Rome, Italy.

Creppy, E. E., Castegnaro, M., Grosse, Y., Meriaux, J., Manier, C., Moncharmont, P. and
Walter, C., 1993. Etude de 1’ochratoxicose humaine dans trois regions de France: Alsace,
Aquitaine et region Rhone-Alpes. In Creppy, E. E., Castegnaro, M. and Dirheimer, G.
(eds): Human ochratoxicosis and its pathologies. Colloque INSERM/John Libbey
Eurotext Ltd. 231, 147-158.

Curtui, V.G., Gareis, M., Usleber, E., and Martlbauer, E. 2001. Survey of Romanian
slaughtered pigs for the occurrence of mycotoxins ochratoxins A and B, and zearalenone.
Food Addit. Contam., 18, 730-738.

Curtui, V.G. and Gareis, M. 2001. A simple HPLC method for the determination of the
mycotoxins  ochratoxin A and B in  blood serum of  swine.
Food Addit. Contam. 18(7), 635-43.

De Vreeze, M. 2003. Information on European methods for the analysis of mycotoxins in
foods standardised by the European Committee for Standardisation (CEN). CEN standards
EN ISO 15141-1:1998 “Determination of ochratoxin A in cereals and cereal products-Part
1: High performance liquid chromatographic method with silica gel clean up; EN ISO
15141-2:1998 “Determination of ochratoxin A in cereals and cereal products-Part 2: High
performance liquid chromatographic method with bicarbonate clean up; EN 14132:2003
“Determination of ochratoxin A in barley and roasted coffee-HPLC method with
immunoaffinity column clean-up; EN 14132:2003 “Determination of ochratoxin A in
wine and beer-HPLC method with immunoaffinity column clean-up. Personal
Communication.

Domijan, A. M., Peraica, M., Fuchs, R., Lucic, A., Radic B., Balija M., Bosanac, 1. and
Grgicevic, D. 1999. Ochratoxin A in blood of healthy population in Zagreb. Arh. Hig.
Rada. Toksikol. 50, 263-71.

http://www.efsa.eu.int 21/36



http://www.efsa.eu.int

*x
*

L1 %y

*
VI
]

* | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

ok

Dwivedi, P. and Burns, R.B. 1984a. Pathology of ochratoxicosis A in young broiler chicks.
Res.Vet. Sci. 36, 92-103.

Dwivedi, P. and Burns, R.B. 1984b. Effect of ochratoxin A on immunoglubulins in broiler
chicks. Res.Vet. Sci. 36, 117-121.

EC (European Commission) 1997. SCOOP, task 3.2.2. Assessment of dietary intake of
ochratoxin A by the population in EU member states. European Commission, Directorate-
General for Industry, Reports on tasks for scientific co-operation EUR 17523 EN. Revised
version, November 1997.

EC (European Commission) 1998. Opinion on ochratoxin A. Expressed on 17 September
1998. SCF (Scientific Committee on Food).

EC (European Commission) 2002. SCOOP, task 3.2.7. Assessment of dietary intake of
ochratoxin A by the population of EU Member States. European Commission,
Directorate-General Health and Consumer Protection, Reports on tasks for scientific
cooperation. January 2002. http://europa.eu.int/comm/food/fs/scoop/3.2.7 en.pdf.

Elling, F., Hald, B., Jacobsen, C. and Krogh, P. 1975. Spontaneous toxic nephropathy in
poultry associated with ochratoxin A. Acta Pathol. Microbiol. Scand. [A]; 83(6), 739-41.

Elling, F. 1979. Ochratoxin A-induced mycotoxic porcine nephropathy: alterations in enzyme
activity in tubular cells. Acta Pathol. Microbiol. Scand. [A]; 87(4), 237-43.

Elling, F. 1983. Feeding experiments with ochratoxin A-contaminated barley to bacon pigs.
IV. Renal lesions. Acta Agric. Scand., 33, 153-159.

FAO (Food and Agriculture Organization) 1997. Worldwide Regulations for Mycotoxins
1995. A compendium. FAO Food and Nutrition Paper 64. Food and Agriculture
Organization of the United Nations, Rome, Italy.

FAO (Food and Agriculture Organization) 2004. Worldwide Regulations for Mycotoxins
2003. A compendium. FAO Food and Nutrition Paper. Food and Agriculture Organization
of the United Nations, Rome, Italy. In press.

FAPAS® (Food Analysis Performance Assessment Scheme), 2003-2004. Ochratoxin
Analysis. FAPAS® Series 27, Rounds 21-28. Reports 1721-1728, April 2003 - January
2004. Central Science Laboratory, Sand Hutton, York, UK.

Frisvad, J.C. and Viuf, B.T. 1986. Comparison of direct and dilution plating for detecting
Penicillium viridicatum in barley containing ochratoxin. In Methods for the mycological
examination of food ed. King, A.D., Pitt, J.I., Beuchat, L.R. and Corry, J.E.L. pp. 45-47.
New York and London: Plenum Press.

Frisvad, J.C. and Samson, R.A. 2000. Neopetromyces gen. nov. and an overview of
teleomorphs of Aspergillus subgenus Circumdati. Studies in Mycology (Baarn) 45, 201-
207.

Frisvad, J.C. and Thrane, U. 2000. Mycotoxin production by common filamentous fungi. In:
Introduction to food- and airborne fungi. R.A. Samson, E.S. Hoekstra, J.C. Frisvad and O.
Filtenborg (eds.). Sixth Edition. Centraalbureau voor Schimmelcultures, Utrecht, The
Netherlands. ISBN 90-70351-42-0.

Fuchs, R., Appelgren, L.-E. and Hult, K. 1986. Distribution of 14C-ochratoxin A in the
rainbow trout (Salmo gairdneri). Acta Pharmacol. Toxicol. 59, 220-227.

Galtier, P., Camguilhem, R., Bodin, G. 1980. Evidence for in vitro and in vivo interaction
between ochratoxin A and three acidic drugs. Food Cosmet Toxicol, 18(5), 493-6.

http://www.efsa.eu.int 22/36



http://www.efsa.eu.int
http://europa.eu.int/comm/food/fs/scoop/3.2.7_en.pdf

*x
*

L1 %y

*
VI
]

* | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

ok

Galtier, P., Alvinerie, M. and Charpenteau, J.L. 1981. The pharmacokinetic profiles of
ochratoxin A in pigs, rabbits and chickens. Food Cosmet. Toxicol.;19(6), 735-8.

Garaleviciene, D., Pettersson, H. and Agnedal, M. 2002. Occurrence of trichothecenes,
zearalenone and ochratoxin A in cereals and mixed feed from central Lithuainia.
Mycotox. Res. 18, 77-89.

Gareis, M., Martlbauer, E., Bauer, J., Gedek, B. 1988. Determination of ochratoxin A in
human milk. Z. Lebensm. Unters. Forsch. 186, 114-117.

Gareis, M. and Scheuer, R. 2000. Ochratoxin A in meat and meat products. Archiv fiir
Lebensmittelhygiene 51, 102-104.

Gentles, A., Smith, E.E., Kubena, L.F., Duffus, E., Johnson, P., Thompson, J., Harvey, R.B.
and Edrington, T.S. 1999. Toxicological evaluations of cyclopiazonic acid and ochratoxin
A in broilers. Poult. Sci. 78, 1380-1384.

Gibson, R.M., Bailey, C.A., Kubena, L.F., Huff, W.E. and Harvey, R.B. 1990. Impact of L-
phenylalanine supplementation on the performance of three-week-old broilers fed diets
containing ochratoxin A. 1. Effects on body weight, feed conversion, relative organ
weight, and mortality. Poult. Sci. 69(3), 414-9.

Gilbert, J., Brereton, P. and MacDonald, S. 2001. Assessment of dietary exposure to
ochratoxin A in the UK using a duplicate diet approach and analysis of urine and plasma
samples. Food Addit. Contam. 18, 1088-1093.

Golinski, P., Chelkowski, J., Konarkowski, A. and Szebiotko, K. 1983. Mycotoxins in cereal
grain. Part VI. The effect of ochratoxin A on growth and tissue residues of the mycotoxin
in broiler chickens. Nahrung 27, 251-6.

Golinski, P., Hult, K., Grabarkiewicz-Szczesna, J., Chelkowski, J., Kneblewski, P., Szebiotko,
K. 1984. Mycotoxic porcine nephropathy and spontaneous occurrence of ochratoxin A
residues in kidneys and blood of Polish swine. Appl Environ. Microbiol. 47(6), 1210-2.

Golinski, P., Hult, K., Grabarkiewicz-Szczesna, J., Chelkowski, J. and Szebiotko, K. 1985.
Spontaneous occurrence of ochratoxin A residues in porcine kidney and serum samples in
Poland. Appl. Environ. Microbiol. 49(4), 1014-5.

Golinski, P., Grabarkiewicz-Szczesna, J., Chelkowski, J., Hult K. and Kostecki, M. 1991.
Possible sources of ochratoxin A in human blood in Poland. In Castegnaro, M., Plestina,
R., Dirheimer, G., Chernozemsky, I. N., Bartsch, H. (eds): Mycotoixns, Endemic
Nephropathy and Urinary Tract Tumours.IARC Scientific Publications No. 115, Lyon,
France, IARC, pp 153-158.

Hagelberg, S., Hult, K., and Fuchs, R. 1989. Toxiciokinetcs of ochratoxin A in several species
and its plasma-binding properties. J. Appl. Toxicol. 9, 91-96.

Hald, B., 1991. Ochratoxin A in human blood in European countries. In Castegnaro, M.,
Plestina, R., Dirheimer, G., Chernozemsky, 1. N., Bartsch, H. (eds): Mycotoxins, Endemic
Nephropathy and Urinary Tract Tumours.IARC Scientific Publications No. 115, Lyon,
France, IARC, pp 159-164.

Harwig, J., Kuiper-Goodman, T. and Scott, P.M. 1983. Microbial food toxicants: Ochratoxin.
In: Rechcigl, M. ed. Handbook of Foodborne Diseases of Biological Origin. Boca Raton
FL; CRC Press. pp193-238.

Holmberg, T., Thuvander, A. and Hult, K. 1988. Ochratoxin A as a suppressor of mitogen-
induced blastogenesis of porcine blood lymphocytes. Acta. Vet. Scand., 29, 219-223.

http://www.efsa.eu.int 23/36



http://www.efsa.eu.int

*x
*

L1 %y

*
VI
]

* | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

ok

Holmberg, T., Breitholtz, A., Bengtsson, A. and Hult, K. 1990a. Ochratoxin A in swine blood
in relation to moisture content in feeding barley at harvest. Acta Agric. Scand. 40, 201-
204.

Holmberg, T., Hagelberg, S., Lundeheim, N., Thavelin, B. and Hult, K. 1990b. Ochratoxin A
in swine blood used for evaluation of cereal handling procedures. J. Vet. Med. B 37, 97-
105.

Hood, R.D., Naughton, M.J. and Hayes, A.W. 1976. Prenatal effects of ochratoxin A in
hamsters. Teratology, 13, 11-14.

Hult, K., Teiling, A. and Gatenbeck, S. 1976. Degradation of ochratoxin A by a ruminant.
Appl Environ. Microbiol. 32(3), 443-444.

Hult, K., Hokby, E., Hagglund, U., Gatenbeck, S., Rutqvist, L. and Sellyey, G. 1979.
Ochratoxin A in pig blood: method of analysis and use as a tool for feed studies. Appl.
Environ. Microbiol. 38(5), 772-776.

Hult, K., Hokby, E., Gatenbédck, S. and Rutqvist, L. 1980. Ochratoxin A in blood from
slaughter pigs in Sweden: Use in evaluation of toxin content of consumed feed. Appl.
Environ. Microbiol. 39, 828-830.

Hult, K, Rutqvist, L., Holmberg, T., Thafvelin, B. and Gatenbeck, S. 1984. Ochratoxin A in
blood of slaughter pigs. Nord. Vet. Med. 36, 314-316.

IARC (International Agency for Research on Cancer), 1993. Monographs on the evaluation of
carcinogenic risks to humans; Vol. 56: Some naturally occurring substances, food items
and constituents, heterocyclic aromatic amines and mycotoxins. International Agency for
Research on Cancer, World Health Organization, pp 489-521, Lyon, France.

Jiménez, A.M., Lopez de Cerain, A., Gonzalez-Penas, E. and Bello, J. 2001. Determination of
ochratoxin A in pig liver-patés by high-performance liquid chromatography. Food
Additives and Contaminants 18, 559-563.

Jonker, M.A., van Egmond, H.P., Stephany, R.-W. 1999. Mycotoxins in food of animal origin:
a review. CRL document 389002095. European Community Reference Laboratory on
Residues, National Institute for Public Health and the Environment, Bilthoven, The
Netherlands.

Jonsson, N. and Pettersson, H. 1999. Evaluation of different conservation methods for grain -
based on analysis of hygiene quality (in Swedish). Swedish Institute of Agricultural and
Environmental Engineering, Report 263.

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

Juric, V., Radovanov-Pelagic, Savic, R., and Jajic, . 1999 Natural occurrence of ochratoxin A
in feedstuffs. Letopis Naucnih Radova 23, 242-246.

Juszkiewcs, T., Piskorska-Pliszczynska, J. and Wisniewska, H. 1982. Ochratoxin A in laying
hens: Tissue deposition and passage into eggs. In Proceedings, V International [UPAC
Symposium Mycotoxins and Phycotoxins, September 1-3, 1982, Vienna, Austria, pp. 122-
125. Austrian Chem. Soc., Vienna.

Kiessling, K.H., Pettersson, H., Sandholm, K. and Olsen, M. 1984. Metabolism of aflatoxin,
ochratoxin, zearalenone, and three trichothecenes by intact rumen fluid, rumen protozoa,
and rumen bacteria. Appl. Environ. Microbiol. 47(5), 1070-3.

http://www.efsa.eu.int 24/36



http://www.efsa.eu.int

*x
*

L1 %y

*
VI
]

* | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

ok

Kitchen, B.N., Carlton, W.W. and Tuite, J. 1977a. Ochratoxin A and citrinin induced
nephrosis in beagle dogs. 1. Clinical and clinicopathological features. Vet. Pathol. 14, 154-
172.

Kitchen, B.N., Carlton, W.W. and Tuite, J. 1977b. Ochratoxin A and citrinin induced
nephrosis in beagle dogs. II. Pathology. Vet. Pathol. 14, 261-272.

Kitchen, B.N., Carlton, W.W. and Hinsman, E.J. 1977c. Ochratoxin A and citrinin induced
nephrosis in beagle dogs. III. Terminal renal ultrastructural alterations. Vet. Pathol. 14,
392-406.

Krogh, P., Axelsen, N.H., Elling, F., Gyrd-Hansen, N., Hald, B., Hyldgaard-Jensen, J.,
Larsen, A.E., Madsen, A., Mortensen, H.P., Moller, T., Petersen, O.K., Ravnskov, U.,
Rostgaard, M. and Aalund, O. 1974. Experimental porcine nephropathy. Changes of renal
function and structure induced by ochratoxin A-contaminated feed. Acta Pathologica et
Microbiologica Scandinavica 0, 1-21.

Krogh, P., Elling, F., Hald, B., Jylling, B., Petersen, V.E., Skadhauge, E. and Svendsen, C.K.
1976a. Experimental avian nephropathy. Changes of renal function and structure induced
by ochratoxin A-contaminated feed. Acta Pathologica et Microbiologica Scandinavica 84,
215-21.

Krogh, P., Elling, F., Hald, B., Larsen, A.E., Lillehoj, E.B., Madsen, A. and Mortensen, H.P.
1976b. Time-dependent disappearance of ochratoxin A residues in tissues of bacon pigs.
Toxicology 6, 235-242.

Krogh, P. and Elling, F. 1977. Mycotoxic nephropathy. Vet. Sci Commun. 1, 51-63.

Krogh, P. 1978. Casual associations of mycotoxic nephropathy. Acta Pathol Microbiol Scand
Suppl. 269, 1-28.

Krogh, P., Gyrd-Hansen, N., Hald, B., Larsen, S., Nielsen, J.P., Smith, M., Ivanoff, C. and
Meisner, H. 1988. Renal enzyme activities in experimental ochratoxin A-induced porcine
nephropathy: diagnostic potential of phosphoenolpyruvate carboxykinase and gamma-
glutamyl transpeptidase activity. J Toxicol Environ Health;23(1):1-14.

Kuiper-Goodman, T. 1996. Risk assessment of ochratoxin A: an update. Food Addit. Contam.
13, 53-57.

Langseth, W., Nymoen, U. and Bergsjo, B. 1993. Ochratoxin A in plasma of Norwegian
swine determined by a HPLC column-switching method. Nat. Toxins 1, 216-221.

Larsen, T.O., Svendsen, A. and Smedsgaard, J. 2001 Biochemical characterisation of
ochratoxin A producing strains of the genus Penicillium. Applied and Environmental
Microbiology 67, 3630-3635.

Lusky, K., Tesch, D. and Go&bel, R. 1993. Untersuchung zum einfluss des mykotoxins
ochratoxin A auf die tiergesundheit und auf das riickstandsverhalten beim schwein und
aus daraus hergestellten wurstwaren. Archiv fiir Lebensmittelhygiene 44, 129-152.

Lusky, K., Tesch, D., Gobel, R. and Doberschutz, K.D. 1994. Ochratoxin A - Residue
Behaviour in the Pig and in Food Prepared from It. Fleischwirtschaft 74, 558-560.

Lusky, K., Tesch, D. and Gobel, R. 1995. Untersuchung der Wirkung von Natiirlichem und
Kristallinem Ochratoxin nach Verfiitterung iiber 28 Tage beim Schwein mit
Anschliessender Untersuchung des Riickstandsverhaltens beider formen des Mykotoxins
in Korperfliissigkeit und Organen sowie in Fleisch- und Wurstwaren. Archiv fiir
Lebensmittelhygiene 46, 25-48.

http://www.efsa.eu.int 25/36



http://www.efsa.eu.int

*x
*

L1 %y

*
VI
]

* | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

ok

Lusky, K., Goebel, R., Tesch, D., Doberschuetz, K.-D., Lusky, K. and Haider, W. 2001. Sole
and combined administration of the mycotoxins OTA, ZEA and DON. Investigations on
animal health and residue behavior. Fleischwirtschaft. 81, 98-102.

MacDonald, S., Prickett, T.J., Wildey, K.B., and Chan, D. 2004. Survey of ochratoxin A and
deoxynivalenol in stored grains from 1999 harvest in the UK. Food Additives and
Contaminants, 21, 172-181.

Madsen, A., Mortensen, H.P. and Hald, B. 1982a. Feeding experiments with ochratoxin A
contaminated barley for bacon pigs. I. Influence on pig performance and mycotoxin
residues in meat. Acta Agriculturae Scandinavica 32, 225-239.

Madsen, A., Hald, B., Lillehoj, E. and Mortensen, H.P. 1982b. Feeding experiments with
ochratoxin A contaminated barley for bacon pigs. 2. Naturally contaminated barley given
for 6 weeks from 20 kg compared with normal barley supplemented with crystalline

ochratoxin A and/or citrinin Carcass contamination, livew. Acta Agriculturae
Scandinavica 32, 369-372.

Meisner, H and Krogh, P. 1986. Phosphoenolpyruvate carboxykinase as a selective indicator
of ochratoxin A induced nephropathy. Dev. Toxicol. Environ. Sci. 14, 199-206.

Micco, C., Miraglia, M., Onori, R., loppolo, A. and Mantovani, A. 1987. Long-term
administration of low doses of mycotoxins in poultry. 1. Residues of ochratoxin A in
broilers and laying hens. Poultry Science 66, 47-50.

Micco, C., Miraglia, M., Benelli, L., Onori, R., Ioppolo, A. and Mantovani, A. 1988. Long
term administration of low doses of mycotoxins in poultry. 2. Residues of ochratoxin A
and aflatoxins in broilers and laying hens after combined administration of ochratoxin A
and aflatoxin B1. Food Additives and Contaminants 5, 309-14.

Micco, C., Ambruzzi, M.A., Miraglia, M., Brera C., Onori, R. and Benelli, L. 1991.
Contamination of human milk with ochratoxin A. IARC Sci. Publ. 115, 105-108.

Miraglia, M., De Dominicis, A., Brera, C., Corneli, S., Cava, E., Menghetti, E., Miraglia, E.
1995. Ochratoxin A levels in human milk and related food samples: an exposure
assessment. Nat. Toxins. 3(6), 436-44.

Mor¢, J. and Galtier, P. 1974. Toxicit¢ de I’ochratoxine A. 1. Effet embryotoxique et
tératogéne chez le rat. Ann. Réch. Vet. 5, 167-178.

Moré, J. and Galtier, P. 1975. Toxicité de I’ochratoxine A. II. Effets du tratiement sur la
descendance (F1 et F2) de rates intoxiquées. Ann. Réch. Vet. 6, 379-389.

Mortensen, H.P., Hald, B. and Madsen, A. 1983a. Feeding experiments with ochratoxin A
contaminated barley for bacon pigs. 5. Ochratoxin A in pig blood. Acta Agriculturae
Scandinavica 33, 235-239.

Mortensen, H.P., Hald, B., Eklundh Larsen, A. and Madsen, A. 1983b. Ochratoxin
contaminated barley for sows and piglets. Pig performance and residue in milk and pigs.
Acta Agriculturae Scandinavica 33, 349-352.

Muller, G., Kielstein, P., Rosner, H., Berndt, A., Heller, M. and Kohler, H. 1999. Studies of
the influence of ochratoxin A on immune and defence reactions in weaners. Mycoses
42(7-8), 495-505.

Niemiec, J., Scholtyssek, S. and Bauer, J. 1988. Ochratoxin A in the broiler feed: Effect on
weight gain and residues in the tissues. Archiv fiir Gefliigelkunde 52, 163-168.

http://www.efsa.eu.int 26/36



http://www.efsa.eu.int

*x
*

L1 %y

*
VI
]

* | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

ok

Niemiec, J., Borzemska, W., Golinski, P., Karpinska, E., Szeleszczuk, P. and Caleda, T. 1994.
The effect of ochratoxin A on egg quality, development of embryos and the level of toxin
in eggs and tissues of hens and chicks. Journal of Animal and Feed Science 3, 309-316.

NNT (Nordic Network, Toxicology), 1991. Health Evaluation of Ochratoxin A in Food
Products. Nordiske Seminar- og Arbejdsrapporter 1991: 545. Nordic Council of Minsters,
Copenhagen, Denmark.

Olsen, M. 1997. Ochratoxin A — risk assessment of human exposure via food of animal
origin. Swedish derogation from EC legislation in the area of feedingstuffs.
Jordbruksverket Rapport 1997, 6, 69-74 (in Swedish, copy in English available from the
Swedish Ministry of Agriculture, 5 June 1997).

Ominski, K. H., Frolich, A.A., Marquart R. R., Crow, G. H. and Abrahamson, D. 1996. The
incidence and distribution of ochratoxin A in western Canadian swine. Food Addit.
Contam. 13, 185-198.

Palli, D., Miraglia, M., Saieva, C., Masala, G., Cava, E., Colasti, M., Corsi, A.M., Russo, A.
and Brera, C. 1999. Serum levels of ochratoxin A in healthy adults in Tuscany: correlation
with individual characteristics and between repeated measurements. Cancer
Epidemiology, Biomarkers and Prevention 8, 265-269.

Patterson, D.S., Roberts, B.A. and Small, B.J. 1976. Metabolism of ochratoxins A and B in
the pig during early pregnancy and the accumulation in body tissues of ochratoxin A only.
Food Cosmet. Toxicol. 14(5), 439-42.

Pettersson, H., Kiessling, K.H. and Ciszuk, P. 1982. Degradation of ochratoxin A in rumen.
In: Proc.. V International IUPAC Symposium Mycotoxins and Phycotoxins, September 1-
3, 1982. Vienna, Austria. Vienna: Austrian Chemical Society, pp. 313-316.

Pettersson, H. 2004. Controlling mycotoxins in animal feed. In: Magan, N. and Olsen, M.
(Eds.) Mycotoxins in food, detection and control. Woodhead Pub., Cambridge.

Pier, A.C., Cysewski, S.J., Richard, J.L., Baetz, A.L. and Mitchell, L. 1976. Experimental
mycotoxicoses in calves with aflatoxin, ochratoxin, rubratoxin and T2 toxin. In:
Proceedings of the 80th Annual Meeting of the U.S. Animal Health Association, Miami
Beach, Florida. Richmond VA: U.S. Animal Health Association pp130-148.

Piskorska-Pliszczynska, J. and Juszkiewicz, T. 1990. Tissue deposition and passage into eggs
of ochratoxin in Japanese quail. J.Environ. Pathol. Toxicol. Oncol. 10, 8-10.

Prior, M. G. and Sisodia, C. S. 1978. Ochratoxicosis in White Leghorn hens. Poultry Science.
57(3), 619-623.

Prior, M.G., O'Neil, J.B. and Sisodia, C.S. 1980. Effects of ochratoxin A on growth response
and residues in broilers. Poultry Science 59, 1254-1257.

Rafai, P., Bata, A., Jakab, L., and Vanyi, A. 2000. Evaluation of mycotoxin-contaminated
cereals for their use in animal feeds in Hungary. Food Additives and Contaminants 17,
799-808.

Reichmann, K.G., Blaney, B.J. and Connor, J.K. 1982. The significance of aflatoxin and
ochratoxin in the diet of Australian chickens. Australian Veterinary Journal 58, 211-212.

Ribelin, W.E., Fukushima, K. and Still, P.E. 1978. The toxicity of ochratoxin to ruminants.
Can. J. Comp. Med. 42, 172-176.

http://www.efsa.eu.int 27/36



http://www.efsa.eu.int

*x
*

L1 %y

*
VI
]

* | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

ok

Rosseau, D.M. and van Peteghem, C.H. 1989. Spontaneous occurrence of ochratoxin A
residues in porcine kidneys in Belgium. Bulletin of Environmental Contamination and
Toxicology 42, 181-189.

Scholtyssek, S. Niemiec, J.and Bauer, J. 1987. Ochratoxin A in the layer’s feed 1. Report:
Influence on laying performance and egg quality (article in German). Arch. Gefliigelk. 51,
234-240.

Scott, P.M. 2002. Methods of analysis for ochratoxin A. Adv. Exp. Med. Biol. 504, 117-134.

Scudamore, K.A., Hetmanski, M.T., Chan, H.K., and Collins, S. 1997. Occurrence of
mycotoxins in raw ingredients used for animal feeding stuffs in the United Kingdom in
1992. Food Additives and Contaminants 14, 157-173.

Scudamore, K.A., Patel, S., and Breeze, V. 1999. Surveillance of stored grain from the 1999
harvest in the United Kingdom for ochratoxin A. Food Additives and Contaminants 16,
281-290.

Singh, J. and Hood, R.D. 1985. Maternal protein deprivation enhances the teratogenicity of
ochratoxin A in mice. Teratology 32, 381-388.

Singh, G.S., Chauhan, H.V., Jha, G.J. and Singh, K.K. 1990. Immunosuppression due to
chronic ochratoxicosis in broiler chicks. J. Comp. Pathol. 103(4), 399-410.

Skaug, M.A. 1999. Analysis of Norwegian milk and infant formulas for ochratoxin A. Food
Additives and Contaminants 16, 75-78.

Skaug, M., Helland, I., Solvoll, K., Saugstad, O.D. 2001. Presence of ochratoxin A in human
milk in relation to dietary intake. Food Additives and Contaminants 18, 321-327.

Spotti, E., Chiavaro, E., Bottazzi, R. and Soldato, L. 2002. Ochratoxin A monitoring in fresh
pork meat. Industria-Conserve 77, 3-13.

Sreemannarayana, O., Frolich, A.A., Vitti, T.G., Marquardt, R.R. and Abramson, D. 1988
Studies of the tolerance and disposition of ochratoxin A in young calves. Anim. Sci. 66,
1703-1711.

Storen, O., Holm, H. and Stermer, F.C. 1982. Metabolism of ochratoxin A by rats. Appl.
Environ. Microbiol. 44, 785-789.

Studer-Rohr, 1., Dretrich, D.R., Schlatter, J. and Schlatter, C. 1995. The occurrence of
ochratoxin A in coffee. Fd. Chem. Toxicol. 33, 341-355.

Suzuki, S., Satoh, T. and Yamazaki, M. 1977. The pharmacokinetics of ochratoxin A in rats.
Jpn. J. Pharmacol. 27, 735-744.

Szczech, G.M., Carlton, W.W. and Tuite, J. 1973a. Ochratoxicosis in beagle dogs I. Clinical
and clinicopathological features. Vet. Pathol. 10, 135-154.

Szczech, G.M., Carlton, W.W. and Tuite, J. 1973b. Ochratoxicosis in beagle dogs II
Pathology. Vet. Pathol. 10, 219-231.

Thuvander, A., Paulsen, J.E., Axberg, K., Johansson, N., Vidnes, A., Enghardt-Barbieri, H.,
Trygg, K. Lund-Larsen, K., Jahrl, S., Widenfalk, A., Bosnes, V., Alexander, J., Hult, K.
and Olsen, M. 2001. Levels of ochratoxin A in blood from Norwegian and Swedish blood
donors and their possible correlation with food consumption. Food and Chemical
Toxicology 39, 1145-1151.

Valenta, H. and Goll, M. 1996. Determination of ochratoxin A in regional samples of cow's
milk from Germany. Food Additives and Contaminants 13, 669-676.

http://www.efsa.eu.int 28/36



http://www.efsa.eu.int

*x
*

L1 %y

*
VI
]

* | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

ok

Van Egmond, H.P., and Speijers, G.J.A. 1994. Survey of data on the incidence and levels of
ochratoxin A in food and animal feed worldwide. J. Natural Toxins 3, 125-144.

WHO (World Health Organization) 1990. Environmental Health Criteria 105. Selected
mycotoxins: Ochratoxins, Trichothecenes, Ergot. World Health Organization, Geneva.

WHO (World Health Organization) 1991. Toxicological evaluation of certain food additives
and contaminants. WHO Food Additives Series No.28, pp365-417. World Health
Organization, Geneva.

WHO/FAO (World Health Organization/Food and Agriculture Organization) 2001.
Ochratoxin A. In: ‘Safety Evaluation of Certain Mycotoxins in Food. Prepared by the
Fifty-sixth meeting of the Joint FAO/WHO Expert Committee on Food Additives
(JECFA)’. WHO Food Additives Series 47; FAO Food and Nutrition Paper 74, Food and
Agriculture Organization of the United Nations, Rome, Italy.

SCIENTIFIC PANEL/COMMITTEE MEMBERS

Jan Alexander, Herman Autrup, Denis Bard, Angelo Carere, Lucio Guido Costa; Jean-Pierre
Cravedi, Alessandro Di Domenico, Roberto Fanelli, Johanna Fink-Gremmels, John Gilbert,
Philippe Grandjean, Niklas Johansson, Agneta Oskarsson, Andrew Renwick, Jiri Ruprich,
Josef Schlatter, Greet Schoeters, Dieter Schrenk, Rolaf van Leeuwen, Philippe Verger.

ACKNOWLEDGEMENT

The Scientific Panel on Contaminants in the Food Chain wishes to thank Sven Dénicke, Hans
van Egmond, Johanna Fink-Gremmels, John Gilbert, Jirgen Gropp, John Christian Larsen,
Monica Olsen, Hans Pettersson and Ron Walker for the contributions to the draft opinion.

http://www.efsa.eu.int 29/36



http://www.efsa.eu.int

* hy
*
o

1%

Lol 3 o

«* | The EFSA Journal (2004) 101, 1-36

Opinion on ochratoxin A

ANNEX

Table 1. Regulations on ochratoxin A in various animal feedstuffs (FAO, 2004)

Country Feed product Limit (ug/kg) | Remarks
Bangladesh | Maize and mixed feed for poultry Not given In
preparation
Canada Feed for swine and poultry 2000 Guideline
limit
Estonia Feedingstuffs of vegetable origin 100
Complete feedingstuffs for cattle, pigs and other 100
farm animals
Complete feedingstuffs for young cattle, young 50
pigs and other young farm animals
Complementary feedingstuffs for cattle, pigs and | 200
other farm animals
Complementary feedingstuffs for young cattle, 50
young pigs and other young farm animals
Israel All grains for feed 300
Lithuania Feeds for pigs and poultry 50
Feeds for young pigs and young poultry 20
Mozambique | Corn for feed Unknown
Slovenia Feedstuffs for pigs 200
Feedstuffs for poultry 1000
Sweden Complete feedstuffs for pigs 100
Complete feedstuffs for poultry 200
Yugoslavia | Feed for pigs 100
(Serbia/
Montnegro) | Feed for swine 200
Feed for poultry 1000
Feed for egg laying hen 250
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Table 2. Collation of data for ochratoxin A in unprocessed cereals taken from SCOOP
Report (EC, 2002).

Country Sample Survey Year | Total no Numbers of samples containing
type samples ochratoxin A in range ng/kg
<1 1-5 5-10 10-25
Finland Wheat 95-99 125 122 3 0 0
Oats 99 7 7 0 0 0
Rye Barley 98-99 52 47 4 0 1
Wheat 97-99 21 21 0 0 0
France Oats 98-99 22 22 0 0 0
Barley 98-99 1 1 0 0 0
Wheat 98-99 7 6 1 0 0
Germany Oats 95-98 27 27 0 0 0
Rye Barley 95-98 29 29 0 0 0
Cereals 95-98 26 26 0 0 0
Oats 95-98 22 22 0 0 0
Greece Cereals 99 42 40 2 0 0
Wheat 98 3 0 3 0 0
Ireland Maize 99 42 40 2 0 0
Italy Rye 99 30 30 0 0 0
Barley 99 40 37 3 0 0
Wheat 99 42 42 0 0 0
Oats 99 24 23 1 0 0
Norway Rye 95-98 193 186 4 2 1
Wheat 95-98 72 72 0 0 0
Wheat 95-96 8 7 1 0 0
Portugal Oats 99 34 34 0 0 0
Sweden Rye 97-99 132 123 8 1 0
Wheat 97-99 33 32 1 0 0
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Country Sample Survey Year | Total no Numbers of samples containing
type samples ochratoxin A in range pg/kg
<1 1-5 5-10 10-25
Wheat 97-99 47 39 7 0 1
Netherlands | Maize 95 31 30 0 1 0
UK Oats 97-99 138 131 6 1 0
Rye Barley 99 139 137 2 0 0
97 22 21 0 1 0
Cereals 97 22 21 1 0 0
97-99 67 64 2 1 0
TOTAL 95-99 1500 1439 51 7 3
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Table 3. Residual levels of ochratoxin A in pig’s tissue after feeding a diet of naturally
ochratoxin A contaminated feedstuff (after Pettersson, 2004)

Feed . . .
conc. Residual ochratoxin A concentrations (ng/g) Reference
(ng/kg) | Blood | Serum | Kidney | Muscle | Liver Fat
25 4 1 2 Madsen et al. 1982a
50 5 1 1 Madsen et al. 1982a
90 41 20.7 4.23 12.4 5.6 |Luskyetal 1995
100 11 5 2 Madsen et al. 1982a
100 20 16.2 2.7 7.9 Lusky et al. 1994
101 1.5 Madsen et al. 1982a
140 88 10 4 1 1 Madsen et al. 1982a
140 88 12 4 4 3 Madsen et al. 1982a
200 103 11 6 4 2 Madsen et al. 1982a
200 5 2 Krogh et al. 1974
266 17 8 10 3 Madsen et al. 1982a
271 4.8 Madsen et al. 1982a
400 43.6 10.3 36.7 Lusky et al. 1994
880 429 61 32 25 17 Mortensen et al. 1983b
1000 14 4 10 7 Krogh et al. 1974
1380 71 38 21 29 Madsen et al. 1982a
1380 62 37 22 30 Madsen et al. 1982a
1380 49 44 20 59 Madsen et al. 1982a
1380 45 33 20 51 Madsen et al. 1982a
1400 67 37 30 8 Madsen et al. 1982b
1550 838 36 28 15 12 Mortensen ef al. 1983b
1600 665 38 17 12 8 Madsen et al. 1982a
1600 665 50 23 20 10  |Madsen et al. 1982a
1600 665 39 22 15 10  |Madsen ef al. 1982a
1600 665 54 25 19 16 Madsen et al. 1982a
1600 319 50 31 16 18 Madsen et al. 1982a
1720 61 31 30 20 Madsen et al. 1982a
1989 55.8 6.3 Madsen et al. 1982a

Different feeding times were used in the cases with the same feed concentration cited in Madsen

(1982a) as follows:

140 pg/kg — 3 and 4 weeks resp.

1380 ng/kg — 2, 4, 6 and 8 weeks resp.
1600 pg/kg — 1, 2, 3 and 4 weeks resp.
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Table 4. Residual levels of ochratoxin A in tissues from poultry having been fed diets
containing ochratoxin A (after Petterson, 2004)

Residual ochratoxin A concentrations (ng/g)
Feed conc.
(ug/kg) |Blood/plasma| Kidney | Liver | Muscle | Fat | Egg Reference
Hens
500 36.8 26.3 8 0 Prior and Sisodia 1978
1000 3.0-10.0 [ 1.5-2.5 Reichmann et al. 1982
1000 77 57.6 12.6 0 Prior and Sisodia 1978
1300 4.7 9.1 1.6 |Bauer ef al. 1988
2100 13.3 8.1 3.3 4.1 [Niemiec ef al. 1994
2500 0.25 3.8 3 0.25 0.25 |Juszkiewicz et al. 1982
2600 14.1 17.9 2.5 |Bauer et al. 1988
4000 106.9 72.6 20.8 0 Prior and Sisodia 1978
4100 37 9 11.9 7.9 [Niemiec ef al. 1994
5200 11.7 18 4 |Bauer et al. 1988
10000 4 5.7 5.2 2.4 1.3 |Juszkiewicz et al. 1982
Chicken
50 0.5 5 0.5 Micco et al. 1987
50 0.8 11 0.5 Micco et al. 1987
324 12 2 2 Krogh et al .1976b
1000 32.8 0.8 Golinski ef al. 1983
1000 22.8 2.8 Golinski et al. 1983
1052 19 4 2 Krogh et al. 1976b
1052 32 7 4 Krogh et al. 1976b
1500 1.24 16.16 7.46 Niemiec ef al. 1988
1500 4.56 10.98 3.02 Niemiec ef al. 1988
1500 14.2 3 Golinski ef al. 1983
1500 39.8 5 Golinski ef al. 1983
2000 41 24 1.75 1.75 Prior et al. 1980
2000 34.3 4.5 Golinski ez al. 1983
2000 58.6 8.5 Golinski et al. 1983

The same feed concentration for a specific reference represents in the case of Golinski et al.
1983 separate groups of males and females, in the other cases groups with different feeding
times Micco et al. 1987 — 36 and 64 days; Niemic et al. 1988 — 7 and 14 days; Krogh et al.
1976b - 14 and 176 days.

The italic values in the table represents half detection limit, when reported as not detected.
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Table 5. Examples of dietary intake of ochratoxin A from food of animal origin
according to the SCOQOP report.

Food Food intake Contamination OTA intake Country
category average/95th level (n) average/95th
g/day ng OTA/kg ng OTA/kg b.w.

Sausages 46.9/ - (adults) 0.09 (201) 0.06 D
Sausages 36.3/ - (children) 0.09 (201) 0.11 D
Sausages 28.6/ - (girls 4-6 years) 0.09 (201) 0.20 D
Salami 2.5/14.3 0.25 (8) 0.01/0.05 I
Salami 10.6/28.6 (consumers only) 0.25 (8) 0.04/0.10 I
Milk 463/1113 (consumers only) 0.01 (165) 0.07/0.16 N
Pork edible | 0.05/ - (consumers only) 0.14 (1011) <0.01 F
offal

http://www.efsa.eu.int 35/36



http://www.efsa.eu.int

*.
*
*

L1 %y

*
FSA
Sk
s b

#*_ | The EFSA Journal (2004) 101, 1-36 Opinion on ochratoxin A

¥

Table 6. Estimates of dietary intake of ochratoxin A from food of animal origin
calculated from different surveys.

Food category | Contamination level Food intake OTA intake Refer-
average/maximum GEMS/Food' ng OTA/kg b.w. | ence
ug OTA/kg (n) g/person and day (60 kg b.w.)

Pork meat 0.01/0.13 (58) 75.8 0.01/0.16 2
Pork meat 0.11/1.3 (76) 75.8 0.13/1.6 3
Pork edible 0.79/9.3 (120) 5 0.07/0.78 2
offal

Black pudding 0.60/1.80 (32) 2.0 0.02/0.06 2
Pork liver pate 0.09/1.8 (38) 5 <0.01/0.15 4
Chicken meat 0.03/0.18 (65) 53 0.03/0.16 3
Turkey meat 0.02/0.11 (17) 53 0.02/0.10 3
Turkey liver 0.04/0.28 (17) 0.4 <0.01 3

1) Global Environmental Monitoring System/Food Europe, WHO. Data for Europe,
available at
http://www.euro.who.int/eprise/main/WHO/Progs/FOS/Chemical/20020905 1

2) EC, 2002
3) Jorgensen, 1998
4) Jiménez et al., 2001
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