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CONTAMINANTS

Pesticide residues in fruit, vegetables and
cereals

New viruses

Residues (antibiotics, hormones) in meat
Salmonella, listeria, etc
Environmental contaminants

GMO'’s

Additives, colours, preservatives
Animal welfare

Food processing contaminants
Obesity

Allergies

Hygiene at home




NATURAL TOXINS

Mycotoxins

Phycotoxins

Phytotoxins

Bacterial toxins




DEFINITION

MYCOS : MUSHROOM
MYCOTOXIN

OXICUM: POISON




ORIGIN

Aspergillus, Penicillium and Fusarium
+ 350 species
+ 300 mycotoxins

Contamination before and/or during the
storage

Large variety of contaminated foodstuffs:

dry fruits, figs, spices, cereals, coffee,
cocoa, wine, beer, apples, milk,...




GROWTH CONDITIONS

Toxinogenesis depends on temperature,
humidity and oxygenation of the substrate

Aspergillus around 30°C, tropical climate,
hot and humid

Penicillium and Fusarium between 20 and
25°C, temperate climate (Western and
Northern Europe)




MAIN CHEMICAL
CHARACTERISTICS

Molecular mass < 1000

Slightly soluble in water

Not easily metabolised by organisms
Stable to heat (250°C)

Persistence on the raw foodstuffs even
after disappearance of the mouid




THE MYCOTOXINS IN THE FOOD
CHAIN

Directly contaminated foodstufis

By-products

Products from animal origin (in case of
consumption of contaminated feed by

animals)




PREVENTION

Mycotoxins chemically very different therefore no
decontamination method for all the mycotoxins

Often heterogeneous contamination

Decontamination processes mainly concerning
peanut seeds

-Manual or mechanical sorting

-Chemical methods (only feed) such as treatment
with NH3 under pressure for peanuts

-Moderate use of pesticides

Remark: the conservation processes (sterilisation,
pasteurisation, lyophilisation, freezing,...) have an
action against moulds but not against mycotoxins




TOXICITY

Very toxic for humans and for animals

LLarge variety of toxic effects: carcinogenic,
mutagenic, teratogenic, ImmunoSuppressive,
allergic, oestrogenic, necrosing, heurotoxic,

nephrotoxic,...

Large variety of target organs and tissues:
liver, Kidney, skin, Immune system, nervous
system, endocrine glands

Acute Intoxication (Mycotoxicose) in case of
high contamination




JARC CLASSIFICATION OF
MYCOTOXINS

Group 1(carcinogenic to humans) :Aflatoxins
B1,B2,G1 et G2

Group 2A (prebably carcinogenic to humans): no
mycotoxin

Group 2B (possibly carcinogenic to humans):
Ochratoxin' A, aflatoxin M1, fumonisins

Group 3 (not classifiable as to Its carcinegenicity in
to humans): Patulin, zearalenone, deoxynivalenol,
nivalenol, T2 Toxin, HT2 toxin

Group 4 (probably not carcinogenic to humans): no
mycotoxin




LEGISLATION

Toxicity + frequent occurrence In foodstuffs

Mycotoxins = problem of Public Health

Regulation




LEGISLATION

Harmonisation by EU of the legislations of the
member states

EXxisting regulation for aflatoxins, patulin, ochratoxin
A, deoxynivalenol, zearalenone and fumonisins

Future legislation for the other trichothecenes (12,
HTZ2,...)




SUMMARY

The mycotoxins problematic Is due to:

1) Ubiquity of moulds and therefore ubiguity of the
contamination ofi foodstuffs

2) High chemical stability of mycotoxins
3) Transfer in food chain

4) High toxicity degree to humans

5) Multi contamination of foodstuffs




THE MAIN MYCOTOXINS

Aflatoxins
Ochratoxin A
Patulin
Fumonisins

Zearalenone

Trichothecenes




PATULINE
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CONTAMINATED FOODSTUFFES: /’/
- Apples and apple based products
O OH

ORIGINS:

- Penicillium expansum, P. urticae, P. melinii, P. cyclopium...
- Aspergillus clavatus, A. terreus...

- Byssochlamys nivea...

TOXICITY:
- Widely unrecognized effects by humans
- Mutagenic, neurotoxic, immunotoxic, genotoxic to rodents




PATULIN

JARC CLASSIFICATION:
Group 3 (not classifiable as to its carcinogenicity in to humans)

ANALYSIS:

- Extraction with ethyl acetate

- Evaporation to dryness with rotative evaporator
- Redissolution in mobile phase

- Injection into HPLC and UV detection




PATUL
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LEGISLATION

Ucis

Prod

Mawx levels (ug/l)

Apple juice

50.0

Spirits, cider and other ferrmented drinks | 50.0

prgd, ced with apples
Apple puree 25.0
10.0

All apples by-products intended for
Ic

infants and young children




FUMONISINS
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FUMONISINS

IJARC CLASSIFICATION:
Group 2B (possibly carcinogenic to humans)

ANALYSIS:

- Extraction with methanol-acetonitrile-water mixture
- Filtration

- Clean-up on immuno-affinity column

- Evaporation and redissolution in mobile phase

- Injection into HPLC and fluorescence detection




FUMONISINS

GISLATION
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Products Maux levels (Lg/kg)
( B1,B2)
Raw maize 2000
Maize grits, meal and flour 1000
Maize based food for direct consumption 400
All raize by-products intended aux for infants 200

and young children




ZEARALENONE

CONTAMINATED FOODSTUFEFES:
- Cereals and cereals based products

ORIGINS:
- Fusarium roseum, F. tricinctum, F. sporotrichioides, F. oxysporum,
F. moniliforme,...

TOXICITY:

- Oestrogenic properties, hormonal troubleshooting to animals
(reproducibility and fertility)

- Widely unrecognized effects by humans (suspected to be responsible for
the early puberty by some Puerto Rican children)




ZEARALENONE

|ARC Classification:
Group 3 (not classifiable as to its carcinogenicity in to humans)

ANALYSIS:

- Extraction with acetonitrile-water mixture

- Filtration

- Clean-up on immuno-affinity column

- Evaporation and redissolution in mobile phase

- Injection into HPLC and fluorescence or UV detection




LEGISLATION

ZEARALENONE

Produc

r

Maux levels (Lg/kg)

:)
Raw cereals (except maize 100
Cereals flour (except maize flour) 75
Bread, pastries, cookies 50
Cereals light meals and breakfast cereals 50
(except maize)
All cereals 0/ products intended aux for infants 20

and you

Ing children (e

AC

ept maize)




H TRICHOTHECENE A H TRICHOTHECENE B

CONTAMINATED FOODSTUEFES:

- Cereals and by-products TR'CHOTH ECEN ES

ORIGINS:

- Fusarium nivale, F. episphaeria, F. roseum, F. tricinctum, F.sporotrichioides,
F. poae, F. solani, F. rigidiusculum, F. lateritium, F. semitectum, F.equiseti,...

TOXICITY:

- With strong dose by animals, vomiting, eating refusal, weigh losses,
diarrhoea and necrosis

- With weaker but regular consumption, immunotoxic, teratogenic,...
- Alimentary toxic aleukia (T?2)

The knowledge about the toxic effects by humans are still widely
unrecognized




TRICHOTHECENES

JARC CLASSIFICATION:
Group 3 (not classifiable as to their carcinogenicity in to humans)

ANALYSIS:

- Extraction with acetonitrile-water mixture

- Filtration

- Clean-up on immuno-affinity column

- Evaporation and redissolution in mobile phase
- Injection into HPLC et UV detection




TRICHOTHE

—NES

LEGISLATION (DON)

Products

Meaw levels (ug/kg)

Raw cereals (except durum wheat, oats and 1250
maize)

Dururm wneat and raw oats 1750

Cereals flour (including milled maize 750

Bread, pastries, cookies, cereals light meals 500
and breakfast cereals

Dry pasta 750

All cereals by-products intended aux for infants 200

and young children




AFLATOXINS
Bl1,B2,G1lé& G2

CONTAMINATED FOODSTUFES:
- Nuts, oil-yielding plants, cereals, figs, spices

ORIGINS :
- Asperqillus parasiticus (B1, B2, G1, G2)
- Aspergillus flavus (B1, B2)

TOXICITY:
- Carcinogenic (mainly liver but also intestines, lunges, breast), cirrhosis,
chronic hepatitis,...




LATOXINS B1
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AFLATOXIN M1

CONTANATED FOODSTUFEFS:
- Milk and dairy products

ORIGINS :
- Metabolite of aflatoxin B1 (digestive system of ruminants)

TOXICITY:
- Carcinogenic (mainly liver but also intestines, lunges, breast), cirrhosis,
chronic hepatitis,...




AFLATOXIN M1

JARC CLASSIFICATION:
Group 2B (possibly carcinogenic to humans)

ANALYSIS:

- Elimination of fat by centrifugation

- Filtration

- Clean-up on immuno-affinity column

- Evaporation and redissolution in mobile phase
- Injection into HPLC and fluorescence detection




ArLATOXIN M1

LEGISLATION

I—l

The European legislation has s
meayirmurm admissiole content of aflatoxin
ML in rmilk to 50 ng/l



OCHRATOXINS: FORMULAS




OCHRATOXINS: ORIGIN

Moulds producing ochratoxins:

- Asperdillus ochraceus, A. sulphureus, A. sclerotiorum,
A. alliaceus, A. melleus, A. ostianus, A. petrakii, ...

- Peniclillium viridicatum, P. palitans, P. cyclopium, P.
purpurrescens, P. commune, P. variabile, P.
verrucosum...

Growth conditions:

-Temperatue, moisture content, substrate, storage
conditions

-Aspergillus: optimal temperature for OTA production: 30°C
(tropical and sub-tropical climates)

-Penicillium: optimal temperature for OTA production: 5 to
10°C (temperate climates)




OCHRATOXIN A:
OCCURRENCE IN FOODSTUFES

PLANT PRODUCTS.: FOOD OF ANIMAL ORIGIN:
Cereals and by-products T dneys
-Liver
-Coffee -Muscle
-Wine -Adipose tissues
-Grape juice Remark:

-Cocoa and chocolate Never found in eggs

-Beer
-Currants
-Herbs

-Liquorice



OCHRATOXIN A: TOXICITY

nanmal JARC CLASSIFICATION:
“Nephrotoxic, Group 2B (possibly carcinogenic to
-Immunosuppressive humans)

-Teratogenic

-Hepatotoxic (several animal species)
-Genotoxic (weak and not clearly established)
-Carcinogenic (pig)

In humans:

- Balkan endemic nephropathy (BEN)

- Urinal tract tumours (UTT)



OCHRATOXIN A: LEGISLATION




OCHRATOXIN A: CONTRIBUTION
OF THE COMMODITIES IN THE
DIETARY INTAKE IN EU

(SCOOP TASK)



OCHRATOXIN A:
EFFECT OF PROCESSING

-Moderately stable molecule surviving most food processing to some extent.
-However different behaviour according to the commodity.

-Cleaning and milling of wheat and barley don’t remove ochratoxin A in
naturally-contaminated samples.

-Ochratoxin A can slowly break down merely on storage of grains and grain
products.

-No decomposition was observed in bread baking but it was considerable
during biscuit baking.

-Ochratoxin A appears to be destroyed during the malting of contaminated
barley.

-The most variable results regarding stability of ochratoxin A are obtained by
the roasting of coffee. Reported losses between 0 and 100%.

-Processing of cocoa beans to dark chocolate largely destroys ochratoxin A.
-Ochratoxin A was moderately stable during drying of sausage



OCHRATOXIN A: DETOXIFICATION

-Activated charcoal

-Cholestyramine

-Sodium calcium aluminium silicate

-Yeast

-Ammonia

-Gamma irradiation

-Carboxypeptidase

-Heating with alkaline hydrogen peroxide (pH>10, T°=100°C).



ANALYSIS OF OCHRATOXIN A
IN CEREALS

Principle of metnhod:

Extraction with acetonitrile-water mixture
Flltration

Clean-up on imnrmuno-affinity colurmn
Evaporation and redissolution in mobile
Dnase
In Je om into HPLC and fluorescence
cletection
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REAGENTS AND SOLVENTS

Acetonitrile AR

Distilled water (Millipore Milli-Q Water Systern)
Acetic acid pro analysis

Toluene AR

Pure and dry nitrogen

Pastilles PES Sigma

Irrnunoaffinity columns

Ochratoxin A standard
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OQUIPMENT AND LABORATORY

MATERIALS

Norrmal lanoratory equipment and general glassware
Particular glassware: 20, 25 and 500 ml volumetric
flasks, 10 test tubes, volurnetric pipettes, 1 ml injection
vials

2 ml disposable syringes

0.45 urn disposanle minifilters

Filters

Vacuurm purmp

Bloc Baker 10 SPE - System

Ultra-Turrax plender

Precision weigning scale

J\/Jlller

HPLC chain

Spectropnotormeter equipped with 1 cm quariz cells
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HPLC PUNMP




APLC INDECTOR







STANDARD SOLUTIONS
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STOCK SOLUTION CALIBERATION

C=(AXM X 100) /

C : Ochratoxin A concentration (ug/ml)
A : Absorbance measured on max
M : Molecular mass of ochratoxin A = 403.8 g/mole

. Molar absorption coefficient of ochratoxin A in
toluene-acetonitrile (99-1) = 544 m2/mole



PREPARATION OF TEST SAMPLES

Ground samples:

- Weighing of a 25 g test portion of ground sample

- Addition of 100 ml of extraction solvent mixture

- Blending at high speed with Ultra-Turrax

- Filtration

- Dilution of 4 ml filrate with 44 ml PBS buffer

- Purification on immunoaffinity column

- Elution with 4 ml CH3OH

- Evaporation to dryness on 40°C under nitrogen stream
- Redissolution in 1 ml injection solvent

- Injection into HPLC and fluorescence detection



PURIFICATION ON
IMUNOAFEINITY COLUMN
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CHROMATOGRAPHIC CONDITIONS

Flow rate: 1.0 ml/min
Mobile phase: 51% H20, 48% CH3CN, 1%CH3COOH
Injection volurne: 100 pl

HPLC column: C18 4.6 X 150 mm , 5 um

)

Excitation wavelengtn: 333 nm

Ernission wavelengin: 460 nrn



MEASURING

GRrRAM

) Standard 1 pg/l
) Standard 5 pg/l
3) Control sample

U)

—_—

2

U)

4) Blank sample

5) Analysis sample n°1

U‘\

6) Analysis sample n°2
/) Analysis sample n°3
8) Analysis sample n°4

9) Analysis sample n°5
lO) Analysis sarmple n®
11) Standard 1 ng/l

/1

12) Control sample (2nd injecti

on)



Retention time

Control sample

Blank sample



CALCULATION

Csam = (Cext X Ve X Vs X 100) / (W X Vf X R)

Csam : Ochratoxin A content in the sample (ng/kg)

Cext : Ochratoxin A content in the extract (ug/l), calculated by hand of the
calibration curve equation

Ve : Final volume of the eluate (ml)

Vs : Extraction solvent volume (ml)

VT : Filtrate volume passed through the IAC (ml)
W : Weigh of the test portion (g)

R : Recovery (%), calculated by hand of the current control sample



ANALYSIS OF OCHRATOXIN A
IN WINE AND BEER




ANALYSIS OF OCHRATOXIN A
IN COFFEE

-Weighing of a 15 g test portion of ground sample

-Addition of 150 ml of methanol-NaHCO3 30g/I in water(50-50)
mixture

-Shaking for 30 minutes

-Filtration

-Centrifugation for 15 minutes at 1300 g

-Dilution of 4 ml filrate with 44 ml PBS buffer

-Clean-up of 10 ml centrifuged coffee extract on phenyl-silane
column

-Elution with 10 ml of a water-methanol (93-7) mixture

-Dilution of the eluate with 30 ml of PBS buffer

-Clean-up on immunoaffinity column



ANALYSIS OF OCHRATOXIN A
IN KIDNEYS

-Welighing of a 5 g test portion of ground sample

-Addition 50 ml of chloroform and 0,75 ml phosphoric acid
(85%))

-Blending for 3 minutes at 20000 r/min with Ultra-Turrax

-Centrifugation for 15 minutes at 2000 g

-Filtration

-Liquid-liquid extraction of the filtrate with a 0,5 M NaHCQO3
water solution

-Pipetting of 20 ml of the water solution

-Clean-up on immunoaffinity column



(\_ | —
OTHER ANALYSIS OF
OCHRATOXIN A
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-Mlass spectrormetry

-HPLC coupled with fluorescence and UV
cletection









