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Mycotoxins of Health Concern

Mary W. Trucksess, Ph.D.

U.S. Food and Drug Administration
Center for Food Safety and Applied Nutrition

Mycotoxins

¥Secondary metabolites produced by certain
fungi during growth in the field, processing,
transport or storage

¥Natural occurrence and unavoidable
#Toxic and/or carcinogenic

#Low molecular weight, most <1000 daiton
#¥Vary in stability to processing

Efforts to Control Mycotoxins

38Setting regulatory limits or guidelines
#Monitoring of susceptible products
#Implementing decontamination procedures

3£ Diverting contaminated grains to industrial
uses

Current Worldwide Regulations
for Mycotoxins

3 More than 80 countries have taken steps to
regulate mycotoxins, in particular the aflatoxins.

#Regulations vary depending upon whether the

country setting the limit is an importer or exporter,
¥ Many have followed the US lead.

¥ Many others have taken the approach that, when
the mycotoxin is a carcinogen, no amount is
acceptable.

Major Mycotoxins

38Aflatoxins

#¥Fumonisins B,, B, and B,
3Deoxynivalenol
3€Ochratoxin A

3Patulin

Compliance Programs for Mycotoxins
in Foods

#Compliance Program Guidance Manual

38Chapter 07 - Molecular Biology and Natural
Toxins




Implementation

Collecting Sample

Objectives: FY-2002

#8Collect and analyze food products for
aflatoxins, fumonisins, deoxynivalenol
(DON), ochratoxin A and patulin

¥ Remove (domestic) or detain (imported)
foods containing aflatoxins and patulin at
levels above regulatory guidelines

#Typical sample size is 3-20 kg

#Large particle sizes require a larger
sampling size

#Juice 12 units
3US Department of Agriculture
recommends:
Corn, milo, wheat 5-10Ib
Peanuts, Brazil nuts 48 Ib

Sample Collection

Aflatoxins

Domestic Imported
Mycotoxin Samples Samples
Aflatoxins 800 500
Fumonisins 400 200
DON 125 80
Ochratoxin A 125 80
Patulin 400 200

Special surveillance and compliance samples

#Produced by Aspergillus flavus and A.
parasiticus

38Found in corn, cottonseed, peanuts,
tree nuts copra, and milk

3 Bioactivated aflatoxin B, can bind to DNA,
RNA and proteins

#IARC has classified as a probable human
carcinogen

U.S. FDA Compliance Policy Guides
for Aflatoxins (ng/g)

Sample Collections for Aflatoxins

S8 All food products except mitk 20
#Corn or peanuts for immature animals 20
and dairy cattle

¥ Corn or peanuts for breeding beef, 100
cattle, swine, and mature poultry

3 Corn or peanuts for finishing swine 200

3 Cottonseed meal (feed ingredient) 300

38 All feedstuff other than corn, peanuts 20

$#Milk (aflatoxin M,) 0.5

¥Domestic: corn, corn meal or flour, grits,
snack food; peanut (roasted), peanut
butter, other nuts; pumpkin seeds.

#Imported: same as domestic; in addition
collect: pine nuts, sunflower seeds, melon
seeds, ginger.




Analytical Methods for Aflatoxins

AOAC Official Method of Analysis, Chapter
49, 16th edition, 1995.

$A0AC 991.31 (immunoaffinity column
cleanup, LC separation and quantitation).

$A0AC 994.08 (Mycosep column cleanup,
LC separation).

#AOAC 968.22 (CB method, silica gel
column cleanup, TLC separation).

Analytical Methods for Aflatoxins

Confirmation of identity procedures for
regulatory samples:

$AO0AC 975.37, chemical derivatization
method (peanuts, corn, pistachio nuts,
pumpkin seeds, cottonseed meal).

#AO0AC 985.17, mass spectrometric method.

Fumonisins

American Association of Veterinary Laboratory
Diagnosticians Guidance Levels for Fumonisin B, in Feed

3 Produced by Fusarium moniliforme and F.
proliferatum

#Found in corn, rice, and sorghum

#Fumonisin contaminated corn may show no
visible evidence of mold damage

38Cause leukoencephalomalacia in horses,
pulmonary edema in swines, liver cancer in
rats, and kidney cancer in mice

Animal Feed Level
#Horse Non-roughage portion 5ppm
of diet
#Swine Total ration 10ppm
#Poultry Total ration 50ppm
¥ Beor cattle  Non-roughage portion 50ppm
of ration

# Dairy cattle No recommendation

Fumonisin - Regulatory Guidelines

Fumonisin Guidance Document

#No regulations or action level issued by FDA

#Document to provide guidance to industry
for levels adequate to protect human and
animal health was published in the Federal
Register, June 6, 2000

#¥Pending

#Guidance levels

Human exposure to fumonisins should not
exceed levels achievable through good
agriculture and manufacturing practices

3#Recommended levels are presented in the
document




Fumonisin Guidance Levels
for Human Foods

Total Fumonisins

(B, +B, +B,)
Product ppm
Degermed dry milled corn products 2
Dry milled corn bran 4
Cleaned corn intended for masa 4
production
Cleaned corn intended for popcorn 3

Fumonisin Guidance Levels
for Animal Feeds

Corn and com by-product Total Fumonisins
intended for (B, + B, + B,) ppm

Equids and rabbits 5 (< or = 20% of diet)!
Swine and catfish 20 (< or = 50% of diet)’

Breeding ruminants, breeding 30 (< or = 50% of diet)’
poultry & breeding mink?

1Dry weight basis
ZInciudes lactating dairy cattle and hens laying eggs for
human consumption

Fumonisin Guidance Levels
for Animal Feeds

Corn and com by-product Total Fumonisins
intended for (B, + B, + B,) ppm

Ruminants > 3 months old 60 (< or = 50% of diet)!
for slaughter and mink being
raised for pelt production

Poultry being raised for

All other species or classes
of livestock and pet animals
Dry welght basis

100 (< or = 50% of diet)!
10 (< or = 50% of diet)*

Sample Collections for Fumonisins

#Domestic: Milled corn (flaking grits, corn
bran, corn grits, corn germ), breakfast cereal
(ready to eat, quick cooking and instant),
infant and Junior cereals, corn muffin (dry
mix), corn meal, sorghum syrup.

#Imported: Same as domestic.

Analytical Methods for Fumonisins

#AOAC 995.15, SAX column cleanup, OPA
derivatization, LC separation and
quantitation.

#Immunoaffinity column cleanup, LC
separation and quantitation

$Enzyme-linked immunosorbent assay (ELISA)

38C,SPE cleanup, OPA derivatization, LC
separation and quantitation.

Deoxynivalenol (DON, Vomitoxin)

A 12,13-epoxytrichothecene

#Produced by F, graminearum and other F. spp.

# Found on cereal crops: wheat, corn, barley.

3 Known to cause feed refusal, emesis, and
growth depression in swine.

3 Associated with acute gastrointestinal iliness in
humans (China and India).




U.S. FDA Advisory Levels
for Deoxynivalenol

3 Bran, flour, and germ for human 1ppm
consumption

38 Grain and grain by-products for beef 10ppm
cattle and feedlot cattle and for chickens

#Grain and grain by-products for swine S5ppm
and all other animal<

Sample Collections for Deoxynivalenol

Deoxynivalenol

$Domestic: Whole wheat flour, white
flour, and wheat bran,

#lImported: wheat flour, wheat bran

Analytical Methods for Deoxynivalenol

AOAC Peer Verified Method Il (PVM 2),
J.AOACI 1998.

Extraction: acetonitrile-water
Cleanup: Romer "ycoSep column 225

LC separation and quantitation: C18, 15%
methanol, 220 nm

Ochratoxins

38Produced by Aspergillus ochraceus and
related species and Penicillium spp.

#Found in corn, barley, wheat, oats, and green
coffee beans

#Ochratoxin A causes kidney damage in
animals, Ochratoxin A may be the cause for
Balkan kidney disease

$IARC has determined ochratoxin A as an
animal carcinogen

Ochratoxin A - Regulatory Guidelines

Sample Collection for Ochratoxin A

#No regulations or ¢uidelines issued by FDA

¥#FDA supports the use of good agricultural
practices and goc-! mianufacturing practices
(GMPs) to keep Ic. >is of ochratoxin A to the
lowest level feasi: ::.

#$CCFAC is prepari::2 Code of Practice for
reducing ochrato*:1 A levels in cereal
grains.

Barley (whole), barley malt, baby cereals,
cereals (corn, oat, rice, wheat, barley), corn
meal, dried beans/peas, coffee beans, raisin,
rye flour, soya based baby food products,
wheat flour, oats




Analytical Meth~ds for Ochratoxin A

Patulin

$AOAC 991.44, si!' “a gel SPE, LC separation
and quantitation.

$#lmmunoaffinity column cleanup, LC
separation and o' :antitation

3 Produced by Pencillium expansum

38Found in rotten apples, pears, and
cherries

3 Mutagenic, neurotoxic, immunotoxic,
genotoxic, and causes gastrointestinal
effects in rodents

38No formal evidence of carcinogenic risk

U.S. FDA Comp: =nce Policy Guides for
Patulin : o/mL, pending)

Sample Collections for Patulin

Apple juice and a~ple products 50

Apple juice, apple juice concentrate.

Method for Patu' 1 AOAC Method 995.10

$Patulin is extract ° with ethyl acetate and
then cleaned up I. extraction with sodium
carbonate solutic .

¥ Extracted sampl: ‘s dried with anhydrous
sodium sulfate. ~ ! acetate is evaporated.

3£ Patulin is determ™ .| by reversed-phase LC
with UV detecti-

Future Work on Mycotoxins

3international harmonization of
regulatory levels, sampling, methods

Laboratory certification
3 Quality assurance

s¢Reference materials, check samples
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Liquid Chromatograhic Reasons for the Need of Methods
Methods for Mycotoxins
' ¥Compliance with legislation
#¥Monitoring and survey work

Mary W. Trucksess, Ph.D. #Control at stages of food and feed

] ] production
Food and Drug Administration $6Research: toxicological study,
Center for Food Safety and Applied Nutrition decontamination, epidemiology study

Division of Natural Products $tRisk assessments

Analytical Techniques

Methods of Analysis for Mycotoxins

# Thin layer chromatography (TLC)
#¥Quantitative or qualitative % Liquid chromatography (LC)
¥ Specific for one mycotoxin ¥ Gas chromatography (GC)
$Specific for multimycotoxins #LC/Mass spectrometry (MS)
#Confirmatory #GC/MS

#Immunoassay

8 Fluorometry

#Biosensor

Critical Factors for . .

LC Separation Liquid Chromatographic Methods
#Sampling #LC column:
$2Extraction BEnormal phase (not common)

Breversed phase

¥ Purification Hion exchange
#Concentration % Injector: manual, or automatic
#Equipment 3 Pump: single, or multisolvent delivery
%Reagents #Detector: UV, fluorescence
s¢Detection technique £ Post-column derivatization reactor




Liquid Chromatographic (LC)
Methods for Major Mycotoxins

#Aflatoxins
#Fumonisins
#Deoxynivalenol
#Ochratoxin A
#Patulin

Aflatoxins

3 Produced by Aspergillus flavus and A.
parasiticus

#Found in corn, cottonseed, peanuts, tree
nuts copra, and milk

¥ Bioactivated aflatoxin B, can bind to DNA,
RNA and proteins

#IARC has classified as a probable human
carcinogen

LC Methods for Aflatoxins
Extraction & Cleanup

38Extraction solvent: water-saturated
chloroform, aqueous methanol,
acetonitrile, acetone

#8Cleanup: silica gel column,
immunoaffinity column, C18, solid
phase extraction

LC Methods for Aflatoxins
Conditions

#LC condition: isocratic reversed-phase

¥ Mobile phase: H,0 + CH;0H + CH,CN

# Pre-column derivatization: TFA

# Post-column derivatizaton: aqueous iodine,
cyclodextrins, pyridinium bromide perbromide,
problem: an additional pump, KOBRA cell
(electrochemical cell), PHRED cell
(photochemical reactor)

¥ Detection: Ex 360 nm Em 420 nm

Automated LC Methods
for Aflatoxins

3 On line immunoaffinity column (one-time use)
then C18 SEP clean up followed by reversed
phase LC for aflatoxin M, in milk

# On line immunoaffinity column (>50 time use)
cleanup, LC separation, KOBRA cell bromine
derivatization, for aflatoxins in corn and peanuts

38 Robotic system for sample cleanup and LC
separation and detection for M1 In milk

AOAC Official LC Methods for
Aflatoxins

# Method 990.33 2g silica gel SPE column clean
up (solvent efficlent method), TFA
derivatization, for corn and peanut butter

# Method 991.31 immunoaffinity column (IAC)
cleanup, post column lodine derivatization, for
corn, raw peanuts and peanut butter

¥ Method 999.07 IAC cleanup, post column
bromine, for peanut butter, pistachio nuts, figs
and paprika

3 Method 2000.08 |AC cleanup, for M1 in milk




Fumonisins

¥ Produced by Fusarium moniliforme and F.
proliferatum

3 Found in corn, rice, and sorghum

% Fumonisin contaminated corn may show no
visible evidence of mold damage

3 Cause leukoencephalomalacia in horses,
pulmonary edema in swines, liver cancer in
rats, and kidney cancer in mice

LC Methods for Fumonisins
Extraction and Cleanup

3 Extraction solvent:
Methanol + H,0 (3 +1)
Acetonitrile + H,0 (1 + 1)
Acetonitrile + methanol + H,0 (25 +25 +50)
Acetonitrile + pH3 buffer (1 + 1)
#Cleanup: solid phase extraction (SPE),

strong anion exchange (SAX), C18,
immunoaffinity column

LC Methods for Fumonisins
Derivatization

#The fumonisins no chromophore UV
absorption, require derivatization to form
fluorescent compound

st Derivatization reagents & derivative
stability

3 o-phthaldialdehyde (OPA) + 2-mercapto-
ethanol + borate buffer, pH 9-10, unstable

#Naphthalene-2,3-dicarboxaldehyde (NDA)
+ KCN, stable

LC Methods for Fumonisins
Conditions

#Column: C18, Ultracarb (Phenomenex),
uBondapak (Waters), AQ column (YMC)

¥ Mobile phase:

Acetonitrile-water-acetic acid (50 + 50 + 1),
elution order FB1, FB2, FB3

Methanol + 0.1M phosphate buffer pH 3.35
(77 + 23), elution order FB1, FB3, FB2

38 Detection: Pre-column derivatization, Ex 335
nm, Em 440 nm

Deoxynivalenol (DON,
Vomitoxin)

#Produced by F. graminearum and other
spp.

#F. graminearum causes head blight in
wheat and ear rot in corn

#Found in corn, barley, rye, wheat
#lInhibitor of protein and DNA synthesis

LC Method for Deoxynivalenol

38Extraction solvent: CH,CN-H,0 (84 + 16)
Extraction:
3 min blending for spiked feed
16 min blending for natural contaminated feed
3 Cleanup: Solid phase extraction (SPE), a

mixture of charcoal, alumina, and Celite or
MycoSep 225 column )




LC Method for Deoxynivalenol

3$Mode: isocratic, or step gradient

3Column: C18, 5 uM, 4.6 mm x 10 cm,
Spheris (Perkin Eimer)

#Mobile phase:
Water-acetonitrile-methanol (92 + 4 + 4)
Water-methanol (85 + 15) then (1 + 1)

3t Detection: UV 220 nm

Ochratoxin A

#Produced by Aspergillus ochraceus and
related species and Penicillium spp.

#Found in corn, barley, wheat, oats, and
green coffee beans

3 Ochratoxin A causes kidney damage in
animals, Ochratoxin A may be the cause for
Balkan kidney disease

#IARC has determined ochratoxin A as an
animal carcinogen

LC Methods for Oghratoxin A

3 Extraction soivent:
0.1 M phosphoric acid + chloroform
(1+10)
Methanol + 1% sodium bicarbonate (1+1)
38Cleanup: Solid phase extraction, C18,
Immunoaffinity column

36L.C conditions: reversed phase, C18
column, fluorescence detection, Ex 333
nm, Em 460 nm

Common Problems with LC

#Mechanical problems: leaky fittings, leaks at
pump, injector leaks, column leaks, detector
leaks

#Mobile phase problems: solvent purity,
insufficient degassing, wrong composition

# Chromatogram problem: peak tailing,
interfering peak, split peak, extra peaks,
broad peaks retention time drift, baseline
noise

References for Mycotoxin
LC Methods

# Trucksess, M.W., Pohland, A.E. (eds.) (2000)
Methods in Molecular biology, Vol. 157,
Mycotoxin Protocols, Humana Press,
Totowa, New Jersey, 244 pp.

¥ Trucksess, M.W. (Chapter Editor), (2000)
Chapter 49, Natural Toxins, In: Official
Method of Analysis, 17th Edition, W. Horwitz,
ed., AOAC International, Gaithersburg, MD

LC Methods for Mycotoxins
References

#Miraglia M., Brera, C. (2000) Determination of
mycotoxins in grains and related products. In:
Food Analysis by HPLC, 2nd edition L.M.L.
Nollet ed., Marcel Dekker, NY, pp. 493-522

¥ Phenomenex, HPLC Trouble-Shooting,
Torrance, CA

#Scott, P.M,, Trucksess, M.W. (1997)
Application of immunoaffinity columns to
mycotoxin analysis, J. AOAC Int. 80, 941-49




LC Methods for Patulin
References

$Brause, A., Trucksess, M.W,, Thomas, F.S.,
Page, S.W. "Determination of patulin in apple
juice: collaborative study”, J. AOAC Int. 79,
451-455 (1996).

$ Trucksess, M.W. and Tang Y. (1999) "Solid-
phase extraction method for patulin in apple
juice and unfiltered apple juice" J. AOACI,
82, 1109-1113.

LC Methods for Patulin
References

#Roach, J.A.G., White, K.D., Trucksess, M.W.,
and Thomas, F.S. (2000) "Capillary gas
chromatography/mass spectrometry with
chemical ionization and negative ion
detection for confirmation of identity of
patulin in apple juice." J. AOACI, 83, 104-
112,
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International, Gaithersburg, MD
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Mycotoxin Method Evaluation

Mary W. Trucksess, Ph.D.
Food and Drug Administration

Center for Food Safety and Applied
Nutrition

Division of Natural Products

Mycotoxins in Foods and Feeds

Uncertainty
Incidence and Levels

Mycotoxins in Foods and Feeds

* Reasons for Uncertainty
* Sampling large quantities of
foods

* Performance of analytical
methods

« Evaluation of data quality

Analytical Methods

» Sampling

» Sample preparation
* Extraction

* Purification

* Isolation

+ Determination

« Confirmation

Sampling Plan

Sampling plan describes the sequence
of activities that provides a
laboratory sample which can be
analyzed for the selection of
mycotoxins

Sampling Sequence

+ Defining the aim of sampling

» Identifying a sampling point

* Identifying a lot

+ Selecting a sampling method
 Collecting a sample

» Performing sample preparation
* Producing a laboratory sample

20




Collecting Sample

« Typical sample size is 3-20 kg

- Large particle sizes require a larger
sampling size

« US Department of Agriculture
recommends:

Corn, milo, wheat 5-10 b
Peanuts 48 1b
Brazil nuts 48 1b

Sample Preparation

« Sample is ground in a mill to reduce
particle size

» A subsample is removed from the
comminuted subsample for extraction

Analytical Procedure

« Extraction: water + organic solvent

« Purification: Solid phase extraction, liquid-
liquid partition, precipitation (chemical, or
dilution).

< Quantitation: Immunoassay (IA),
Chromatographic methods: thin fayer (TLC),
liquid (LC), Gas (GC), GC/Mass spectrometric
(MS), LC/MS, Capillary zone electrophoresis
(CZE).

« Confirmation of [dentity: Chemical
Derivatization, MS analysis

Method of Analysis

+ Selection of appropriate method

+ Use of authentic toxin standards of known
purity

- Validation of the method for use with a
particular commodity.

Factors in Choosing a Method

+ Mycotoxins of interest
» Sample matrix, sample preparation
» Dynamic range, detection limit

» Location of analysis (grain elevators,
processing facilities, analytical labs)

+ Training of the analysts
+ Ease of use, cost

Criteria for Selection of a Method

+ Experience required of the analyst
+ Cost of equipment

* Number of analyses

+ Time required

+ Location of analysis

+ Waste disposal

» Safety




Sources of Mycotoxin Standards

+ Commercial sources: Sigma Chemical,
Supbelco

« Private sources: researchers
« Isolation from fungal cultures

Calibration and Purity Tests of
Standards

* Melting point

» Visible/ultraviolet spectroscopy
* Nuclear magnetic resonance

* Infrared spectroscopy

« Mass spectrometry

» Chromatography

Method Evaluation

Determine performance characteristics of
the method:

Selectivity and specificity
Range, linearity, sensitivity
Limit of detection

Limit of quantitation
Accuracy, and precision.

Three AOAC Method Validation
Programs

- Official MethodsS™ (OMA)
—Performance Tested MethodsS¥ (PTM)
—Peer-Verified MethodsS™ (PVM)

Minimum Validation
Requirements for OMA

Quantitative Methods

+ 5 materials (combination of matrix and
levels for a single analyte)

+ 8 laboratories
«+ Blind duplicates or Youden pairs

Minimum Validation
Requirements for OMA

Qualitative Methods

* 5 materials, 2 levels for each material,
and

§ negative controls
* 15 laboratories
+ Blind duplicates or Youden pairs
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AOAC ®Peer-Verified
MethodsS" (PVMs)

* Requirement:

Originating laboratory plus a second,
independent laboratory

AOAC © Performance Tested
MethodsS™ (PTMs)

Requirement:

Third party verification of performance claims

for commercial proprietary test kits/analytical
according to AOAC Research Institute (R1)
protocol.

Analyst Method Validation

» Conduct recovery studies for each matrix
at levels of toxicological concern.

» Compare results (accuracy and precision,
limit of detection, limit of determination)
of the study with data of the collaborative
studies of published methods.

Obtaining Credible Data

Use validated method in the laboratory
Implement laboratory quality assurance
program

Follow standard operating procedures
Maintain sample integrity and traceability

Use reference material, standard, control
chart

Participate proficiency testing

The Use of Credible Data

* For obtaining science-based risk
assessments

« For setting regulatory limits

+ For managing mycotoxins in food and
feed

» For controlling mycotoxins
+ For ensuring safety of food supply
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AOAC Method Validation and Analytical

Major Mycotoxins in Food

Science-based risk analysis

%2 and characterization o
epidemiological studies :
* Risk assessment: analytical methods,
toxicological studies, compliance programs,
risk assessment models
« Risk management: regulatory limits,
monitoring, processing, HACCP

« Hazard identification: bloassays, isolation:. .

Toxin Carcinogenicity IARC
Methods for Mycotoxins & Human Animal Classification
Aflatoxins S S 1
Aflatoxin M, | S 2B
Mary W. Trucksess, Ph.D. Ochratoxin A 1 S 2B
Food and Drug Administration Zearalenone CoL
Center for Food Safety and Applied * Fumonisin B, L
& Nutrition Deoxynivalenol 1 .
, Patulin Lo 3B
Division of Natural Products S = sufficlent, | = lnadeiwate; L = limited evidence
1 = carcinogenic to humans, 3 = not classifiable
2B = possibly carcinogenic to humans
Strategu; Plan for ,t.he Control of Mycotoxin: Analytical Method
-Mycotoxins i d ai

Separation and quantitation
+ Thin layer chromatographic methods
*, Liquid chromatographic r
+ Gas chromatograj
* Mass spectrometric-methods
+ Immunochemical methods
* Other novel methods

Mycotoxin Anélyticél Methods
Confirmation of Identities

i Chemical derivatization
* Mass spectrometric analysis

AOAC Validation of a Method

Establishes, through systematic
laboratory studies, that the

" performance characteristics of the
method meet the specifications
related to the intended use of the
analytical results:




AOAC Validation of a Method

Performance characteristics
determined include selectivity and
specificity, range, linearity,
sensitivity, limit of detection, limit of
quantitation, accuracy, and precision.

Why Are Validated Methods
Important to the Laboratory?
+ Promote common regulatory and
industry standards
+ Support laboratory accreditation
« Contribute to sound methods used
worldwide
« Entry to additional standards
organizations like CODEX, ISO, CIPAC,
IDF

- 2 Why Are Validaiéd Methods Important
to the Laboratory? 1

+ Improve employee development and
~experience in scientific review,
‘organization, management, and
communication” '
+ Strengthen confidence In the validity of
methods used In your Jaboratory

Three AOAC Method Validation
Programs
—Official Methods®M (OMA)

—Performance Tested MethodsSM
(PTM)
—Peer-Verified MethodsS™ (PVM)

People Involved in Inter-Laboratory
Collaborative Study

« Collaborators

+ Methods Program Manager
Assoclate Referee

+ General Referee ...

+ Committee Safety Advisor

+ Committee Statistics Advisor

» Methods Committee Members
Official Methods Board Members
+ AOAC Members (Mail Ballot)

* AOAC Staff

Use of Official AOAC
Methods

* Regulatory Analysis
* Required in the Enforcement of Food &
Drug Law

* In Research to Judge a Method’s
Reliability Using the Performance Data

* For Quality Control Purposes
+ In Contract Specifications




AOAC ¢ Official Methodss*
(OMA) %

OBJECTIVE:

To provide analytical methods for which
performance characteristics have been
validated to the highest degree of
confidence -- through independent, multi-
laboratory collaborative study.

Minimum Validation
Requirements for OMA

QUANTITATIVE METHODS

+ § materials (combination of matrix and
levels for a single analyte)

* 8 laboratories
* Blind duplicates or Youden pairs

Minimum Validation
Requirements for OMA ]

QUALITATIVE METHODS
« 5 materials, 2 levels for each material,
and 5
5 negative controls -
* 16 laboratories :
+ Blind duplicates or Youden pairs

Status and iPﬁB]’ication for
- OMA

+ Adopted as AOAC® Official Method®™, first
action o

* Published in the compendium, Official Methods
of Analysis g

* Collaborative study report published in the
Journal of AOAC INTERNATIONAL, or another
sclontific journal = =~ = .

* After 2 years of use, mothod may be
rocommended for adoption final action

Revisions or Modifications to
OMA ¥

* Modifications:
~Editorial
—~Minor change

—Method extension (applicability
statement, matrix)

-Analyte addition
—Procedure change
~Substantive revision

Revisions or Modifications to OMA

« Amount of supporting information,
data, or study is dependent on extent
of modification

+ All modifications go through the
same levels of review as methods
recommended for adoption
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OMA TLC and HPLC Methods
Individual Mycotoxins

» Aflatoxins

+ Deoxynivalenone
» Ochratoxins

+ Patulin

AOAC Official Methods (IAC) for Mycotoxins

Mycotoxin  Manufacturer Commodity nglg t

Aflatoxins Vicam
Aflatoxins  Neogen

Aflatoxins Vicam

Aflatoxin M,
Fumonisins Vicam
Ochratoxin
Ochratoxin

com peanuts 10
almonds peanuts 52

peanut butter, 2
plstachios,

figs, paprika

milk 0.02!
wine, feed'

roasted coffee 1.2
barley 1.31

Collaborative studies completed.

2Reusable for 5 times

“:/AOAC Official Mefﬁads (ELISA) for Mycotoxins

Mycotoxin Manﬁfacturer Commodity nglg £

Aflatoxin B, Neogen. corn, peanuts 20

(By) (Agri-screen) mixed feed

By, By, G, Int. Dlag, Sys. - Corn, peanuts 20

(Cup test) peanut butter,

cottonseed

B,,B; G;,G; Biokits peanut butter 9

Fumonisins Neogen . corn, feed 1000

Zearalenone Neogen corn, wheat, 800
feed

AOAC ®Peer-Verified
MethodsS™ (PVMs) t

» Objective:

To provide a class of validated methods
for currently developed techniques where
rapid validation must occur in about 12

months’ time
* Requirement:

Originating laboratory plus a second,
independent laboratory

Performance Parameters for PVMs
Quantitative Methods 3
« Specificity, Linearity
» Limit of Detection
* Limit of Quantitation
» Precision (Repeatability)
» Comparison to Reference Method
* Ruggedness, Matrix, Recovery
+ Limited Reproducibility

Status and Publication of PVM

« Accepted as AOAC ® Peer-Verified

MethodsS™

+ Published as individual methods
+ Verification study is published in JAOAC
+ Methods reviewed every 5 years
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Revisions and Modifications of
PVMs H

» May be modified as needed by users

» Modifications, with supporting data may
be submitted to AOAC and published as
“Notes” attached to original method

AOAC Peer-Verified Method for
Mycotoxins
AOCACIPVM 2.
» Deoxynivalenol (DON) in white flour,
whole wheat flour, and bran.
* Romer MycoSep column 225 cleanup,
reverse phase HPLC separation, UV
detection at 220 nm

+ DON> 0.5 ugiq

AOAC ® Performance Tested -
Methodss# (PTMs) s

. Objective: = .

To provide 3rd party verification of performance

=: claims for commercial proprietary test
kits/analytical e

» Methods Requirement:

Verification of performance claims according to
AOAC Research Institute (Rl) protocol

Performance Parameters for PTMs
Quantitative Methods

Specificity, Linearity

Limit of Detection &

Limit of Quantitation -

Precision (Repeatability)

Comparison to Reference Method

Ruggedness, Matrix, Recovery

Limited Reproducibility

Package Insert Review

Quality Policy Certification

e e & o e .8 e o

. performance Parameters for PTMs

Qualitative Methods L
« Specificity rate, Sensitivity rate
« False Positive and False Negative Rates-
* Percent Method Agreement
+ Ruggedness, Matrix, Recovery
+ Limited Reproducibility
» Package Insert Review
* Quality Policy Certification

Status and Publication for PTMs
« Certified as Perfofmarice 'i'ested MethodS™

+ Method validation report published in
JAOAC




Revisions and Modifications
for PTMs

» Any changes to kit require notification to
AOAC RI

+ Approved test kits must be renewed
annually to maintain certification status

i

AOAC Research Institute
Certification Mark

PERFORMANCE TESTED

AOAC

RESEARCH INSTITUTE

FOACEINSIE NUMBER 900902

AOAC Performance Tested
Methods for Mycotoxins
Mycotoxin  Test Kit- Manufacture
“Aflatoxins - - AflatestP Vicam

Aflatoxins  Veratox AST Neogen
DON Veratox for DON - Neogen
DON Ridascreen Fast r-Biopharm
T-2 Toxin Ridascreen Fast r-Biopharm

Analyst Method Validation

« Choose AOACI validated method or
published method.

« Conduct recovery studies for matrix of
interest at levels of toxicological concern.

+ Compare results (accuracy and precision,
limit of detection, limit of determination)
of the study with data of the AOAC
method or published method.

The Use of Credible Data

« For obtalning science-based risk
assessments

« For setting regulatory limits

* For managing mycotoxins in food and
feed

* For controlling mycotoxins
* For ensuring safety of food supply

nalyst

ethod
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FOOD AND DRUG ADMINISTRATION

COMPLIANCE PROGRAM GUIDANCE MANUAL PROGRAM 7307.001

CHAPTER 07 - MOLECULAR BIOLOGY AND NATURAL TOXINS

SUBJECT: IMPLEMENTATION DATE

i
I
October 1, 2001 i

MYCOTCXINS IN DOMESTIC FOCDS

FY 02/03/04 COMPLETION DATE

September 30, 20C4

DATA REPORTING

PRODUCT CODES PRODUCT/ASSIGNMENT CODES
|
I
. . 07001 All sample collections and
See Attachment A analysis
FIELD REPORTS TO HEADQUARTERS °
1. Report all collections/analyses of domestic food samples for ~aflatom:ir,
patulin, deoxynivalenol, fumonisin, or ochratoxin A* contaminat:cn
against this program even though the samples were collected during

inspections scheduled under other compliance programs.

2. The analyzing district will report analytical results into FACTS usirng
the PAF = "MYC" and insure that the correct Mycotoxin Ccde for the
mycotoxins analyzed for is used.

3. * When entering informaticn into FACTS, use cperation code
domestic sample collection and operaticn code 41 to report
sample analysis. *

DATE OF ISSUANCE: PAGE

FORM FDA 2438 (7/92)
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PROGRAM 7307.001

PART I - BACKGROUND

General

* Mycotoxins are toxic metabolites produced by certain fungi that can
infect and proliferate on various agricultural commodities in the field
and/or during storage. The occurrence of these toxins on grains, nuts
and other commodities susceptible to mold infestaticn is influenced by
environmental factors such as temperature, humidity, and extent of
rainfall during the pre-harvesting, harvesting, and post-harvesting
periods. Mycotoxins may exhibit various toxicological manifestations:
some are teratogenic, mutagenic and /or carcinogenic in susceptible
animal species and are associated with various diseases in domestic
animals, livestock, and humans in many parts of the world.

The occurrence of mycotoxins in foods and feeds'is not entirely
avoidable; therefore small amounts of these toxins may be in foods and
feeds. Under section 402(a)l of the Federal Food, Drug and Cosmetic
Act, a food is deemed adulterated if it contains poisonous or
deleterious substance, such as mycotoxins, which may render it injurious
to health. Mycotoxins can be considered added poisonous or deletericus
substances because their presence in human food and/or enimal feeds can
be avoided in part by good agronomic and manufacturing practices.
Strategies used by the Food and Drug Administration (FDA) tc minir
mycotoxins in the U.S. food supply include establishing guidelines
(e.g., action levels, guidance levels), monitoring the fcod supply,
through formal compliance programs (domestic and import) and taking
regulatory action against product that exceeds action levels, where
action levels have been established. The monitoring data ckbzaired over
the years from FDA’'s monitering programs is used to precv:ide: (&)
estimates of the incidence and levels of ccntamination by wver:ic
mycotoxins in affected areas in the ceuntry, (b) dietary expesur
(estimates) for use in making risxz assessments for specific mycc
<

(c) background data for use in ccnsidering the establishment
guidelines for specific mycotoxins, (d) an estimate <cf the e
impact cf the enfiorcement cf regulatory quidelines on focds
during & g:ven crop year, (e) inisrmation reeded to prepeare
governmental questions including congressional inquiries,

information needed to suppcrt the pesiticn and recommendat
delegates parc:icipating in internat:ional meetings. The
also serves as a database describing the background distri
various mycotoxins in domestic grains and their products :
a function of geographic area and environmental conditicns.

Yy 0O 0

3
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gpecific Mycotoxins to be included in this program

1. Aflatoxins, metabolic products of the molds Aspergiilus flavus and
A. parasiticus, may occur in food as a result cf mold growth 1n a
number of susceptible commodities, including peanuts and corn.
Other domestic nuts and grains are susceptible but less prone to
contamination with aflatoxins. Because aflatoxins are known
carcinogens to laboratory animals, and presumably to man, the
presence of aflatoxins in foods should be restr:icted to the

P

-Ts i

level for aflatoxin M; in mi is 0.5 microgréﬁs ée: kiicqram (0.5
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N

ppb) .

Patulin is a toxic substance produced by Penicillium, Aspergill:s,
and Byssochylamys molds that may grow on apples. Since Patulin Is
not destroyed by heat processing, and can occur at high levels :n
apple juice, including pasteurized apple juice, if rotten, moldy
or damaged apples are used to make juice, both pasteurized and
non-pasteurized single strength juice and concentrated juices are
to be collected. Animal feeding studies have demonstrated that
high levels of patulin in apple juice could pose a health risk if
the juice is consumed over an extended period of time. In 2001,
FDA established an action level of 50 micrograms per kilogram (:C
ppb) for patulin in apple juice and in the apple juice component
of a food that contains apple juice as an ingredient. The acticn
level is based upon the patulin level in single strength apple
juice, reconstituted single strength apple juice (if the food is
an apple juice concentrate), or the single strength apple juice
component of the food (if the food contains apple juice as an
ingredient). Single strength juice is 100 percent juice that is
unconcentrated (see 21 CFR 101.30(h)). Under the juice Hazard
Analysis Critical Control Point (HACCP) regulations set to take
effect from 2002-2004, some apple juice processors may need tc
establish control measures such as using only tree picked fruit,
and culling their apples to be used for juice production to remove
rotten and damaged fruit.

Deoxynivalenol (DON), commonly called vomitoxin is a natural toxin
produced by several molds of the genus Fusarium, especially F.
graminearum, which is a common contaminant of several grains,
including wheat, corn, barley, and rye. DON has been associated
with a number of adverse health effects in humans and animais.
Several adverse weather related DON contamination episodes in the
U.S. have motivated the FDA to issue guidance levels for food
(wheat) and feed in 1982 and updated levels in 1393. (See Par:
VI, Additional References, #7.) FDA is continuing to study the
scope and toxicological sigrificance of the DON problem to
determine if further regulatory measures are needed to contrecl CZTU
in food and feed prcducts. The FDA has established a guidance
level of 1 microgram per gram (1 ppm) for deoxynivalenol in
finished wheat products that may be consumed by humans. No
guidance level has been established for raw wheat intended for
milling into human food products.

‘Fumonisins (Fumonisin FB;, and Fumonisin FB;) are natural toxins

produced by Fusarium verticillioides (previously known as F.
moniliforme), and other Fusarium species; these molds are common
natural contaminants of corn. Fumonisins have been linked to
fatalities in horses and swine. Recent studies have demonstrated
the presence of fumonisins in human foods, including corn meal and
breakfast cereals. Epidemiological investigations demonstrating a
possible association of F. verticillioides with esophageal cancer
and recent animal studies indicating the carcinogenicity of
fumonisin FB, have highlighted the need to ensure that foods do
not contain excessive amounts of fumonisins. Dry milling of whole
corn kernel generally results in the production of fractions
called bran, flaking grits, arits. meal. and flonr. Recanse

Flmerios -~ . e B BT TN M & e o
fymonisine arve cancentratad onotho garm ongdoung 1 ¢f sha

PRYS v LB

~rpn karnel. Aruv millima vaerri-a in frasrisns werh AV Ffarans

concentrations of fumonisins. For example, dry milled fractions
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(except for the bran fraction) obtained from degermed corn ccnt
lower levels of fumonisins than dry milled fracticns obtained f
non~-degermed or partially-degermed corn. Industry informaticn
indicates that dry milling results in fumonisin-containing
fractions in descending order of highest to lowest fumonisin
levels: bran, flour, meal, grits, and flaking grics.

The FDA has established the following guidance levels for
fumonisins (FB;+FB,+FB3) in foods.

Guidance levels for Fumonisins in Foods Total Fumonisins
(FB.+FB,+FBj)

Degermed dry milled corn product 2 ppn
Whole/partly degermed dry milled corn product 4 ppn
Dry milled corn bran 4 ppm
Cleaned corn intended for popcorn 3 ppm
Cleaned corn for masa production 4 ppm

Note: These levels are more commonly referred to as micrograms
per gram but because limitations in electronic
transmission cause the symbol for microgram to be
distorted or omitted, the ppm unit of measurement is keing

used.

5. Ochratoxin A is a naturally occurring nephrotoxic fungal
metabolite produced by certain species of the genera Aspergiliu
and Penicillium. It is mainly a contaminant of cereals (corn,
barley, wheat and cats), and has been found in edible arnimal
tissues as well as in human blood sera and milk. Studies indicate
that this toxin is carcinogenic in mice and rats. It is rct )
completely destroyed during the processing and cccking of fcod,
therefore the implication of risk to human health and safety mus:
be considered. FDA needs current up-to-date information on the
incidence and levels of occurrence of this toxin in the U.S. for
use in considering any necessary regulatory control measures for
this substance. The recommended analytical method that will be
used has & lower limit of quantitation than methods emplioyed in
previous field assignments.

C. Products that are to be sampled include:

L. *Apple Juice and Apple Juice Concentrate
Apple juice and apple juice concentrate are to be collected for
patulin analysis. If samples are collected in conjunction with
the inspection of an apple juice processor, consider collecting
samples if the processor does not cull apples to be used to
produce juice (including stored apples) to remove rotten apples
and visibly damaged apples i.e. bruising, breaks in the skin,
holes, visible mold, hail damage, bird pecks. Consider collecting
samples also if it is established that the processor uses drops
i.e., apples that have fallen from the tree and are harvested from
the around, (also knawn ac aronnders. windfalls or around frnir)
“o preduce juica.

2. Corn and Corn Products

TRANSMITTAL NO
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Historically, aflatoxin levels in corn have been highest in the
Southeastern states. Corn from anywhere in the U.S. may be
affected, however, depending on the growth, harvesting and storage
conditions involved, as was the case in the Mid-west in 1988 and
in Texas in 1987.

Aflatoxin levels, in food products made from corn (grits, mezl,

flour, snack foods or cereals), are likely to be higher in "full
fat" than in degerminated products, since the highest levels cf

aflatoxin in the kernel are associated with the germ.

FDA samples of fresh, frozen and/or canned sweet corn have been
analyzed for the presence of aflatoxin and no violative samples
found in the past. Therefore, this program does not call for
sampling of sweet corn for aflatoxin analysis.

*Samples of shelled corn (designated for human use), corn meal,
corn based snacks, and corn based breakfast cereals (corn flakes,
grits) will be collected and analyzed for the presence of
aflatoxins.

The corn meal .and corn based cereal products listed above will
also be collected and analyzed for ochratoxin A.

Samples of whole, partially degermed, and degermed dry-milled corn
products (flour, meal, grits, flaking grits, bran) and cleaned
corn intended for masa production and for popcorn (unpopped) will
be collected and analyzed for the presence of fumonisins.

Milk

When dairy animals consume feed containing high levels of
aflatoxin, one of the metabolized aflatoxins (aflatoxin B;) may be
secreted into the animals' milk as aflatoxin M;. Cattle consuming
feed that contains less than 20 ppb of total aflatoxins, however,
should produce milk that complies with FDA's guideline of 3.5 gcb
for aflatoxin M; in milk.

Peanuts
Raw: ~ Testing of raw peanuts, domes:tic and imports, for

aflatoxins is conducted by USDA in accordance with the FDA/USDIA
MOU (See Sec. 570.375 CPG 7112.02). *

Processed:: The testing for aflatoxin in roasted in-shell and

shelled peanuts, as well as processed peanut products for consumer
use, is the responsibility of FDA. In general, the varieties,
grade, and geographical growing area for peanuts used for roasting
have resulted in low aflatoxin levels in roasted-in-shell peanuts.
However, when there are shortages of the usual varieties used for
roasting, a variety of "Runner" peanut grown in northern Florida
may be substituted. Peanuts of this variety and from this area
have consistently had a relatively high incidence and level of

aflatovin contaminatinn

PV e Nae e o
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Almonds, macadamia pecans, pistachios, and walnuts are susceptikle
to aflatoxin contamination, but samples of these domestic nuts
have been largely in compliance (less than 1% adverse) for severz
years. FDA surveillance of these crops, however, is necessary td
assure that industry-implemented quality control procedures
continue to effectively prevent the marketing of aflatcxin
contaminated nuts.

1

Wheat Products

Milled wheat products (whole wheat flour, white flour and brean)
will be collected at wheat product manufacturers. Some samples of
bran that may be used as a component of bran cereal, but not the
cereal itself, may be collected at cereal manufacturers. 2l of
these samples will be analyzed for deoxynivalenol.

Other Products

Rye flour, wheat flour, barley (cereals), ocats (whole/cereals)
dried beans, soya flour and soya based baby foods will ke
collected and analyzed for ochratoxin A.

TRANSMITTAL NO
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PART II - IMPLEMENTATION

OBJECTIVES
To collect and analyze domestic samples of various food products to
determine the occurrence and levels of aflatoxins, patulin, fumonisins,
deoxynivalenol, and ochratoxin A;

To remove from interstate commerce those foods that contain aflatoxins
*or patulin* at levels judged to be of regulatory significance;

*To provide a database to support FDA’s positions in international
activities concerning mycotoxins. *
PROGRAM MANAGEMENT INSTRUCTIONS

Federal/State Relations

State officials are valuable sources of information on current and potential
aflatoxin problems in foods. In the past, a number of states have
participated in an aflatoxin data exchange program with FDA. Districts shculd
encourage state participation in this data exchange program and should
coordinate aflatoxin progfam activities with State officials to prevent
duplication of efforts in both food and feed sampling. Information on this
data exchange program can be obtained from the Division of Federai-Sta-e
Relations, HFC-150, (303) 443-3360.

TRANSMITTAL NO PART 11 PAGE 1
FORM FDA 2438 g (10/91)

36




PROGRAM 7307.001

PART III - INSPECTIONAL

A. Inspectional

This program does not direct inspections. However, time is allccated
for follow-up inspections if violative levels of aflatoxin *or patulin-~
are detected in regulatory (not ~*surveillance*) sampies.

Inspectional guidance for mycotoxin inspections is contained in Secticn
8 of DEIO Guide to Inspections of Manufactures of Miscellaneous Focd
Products Volume II.

B. Sampling
General Guidance:

*Refer to the current ORA workplan and to Attachment A of this
compliance program for all sample obligations, i.e., number of samples
for each mycotoxin to be collected and the products for each mycotox:in
to be collected.

It is imperative that the products specified in Attachment A, for each
analyte, be collected and analyzed as a unique sample; therefore, a
sample from a single lot of a product is not to be collected for
multiple mycotexin analyses. Specifically, a product collected for
aflatoxin, fumonisin or ochratoxin analysis is not to be analyzed fcr
more than one mycotoxin. In the past, with CFSAN’s concurrence, samples
were bundled, i.e., a single sample was collected feor multiple mycotox:in
analysis. This approach did not end up yielding the reqguestsad
analyte/product combinations.

Mycotoxin contamination can occur in localized pockets at high
concentrations in foods such as unprocessed grains and rnuts. For
sampling bulk products, representative samples should be cbtained by
using a trier or other device that will provide represenctative porzicns
from all sections of the container sampled. Commodities such as fru:.:
juice, other fluid items, and mixed preparations (paste, spreads,
butters) are generally homegenous and do not require any special devices
for sampling.

If not referenced below, additicral sample sizes are referenced in the
Investigations Operations Manual (IOM), Chapter 4, Sample Schedule Char:
6. Collect samples randomly so as to be representative of the lot.
Sample only the foods listed in Attachment A. Except for patulin
analysis and except for the number of surveillance subsamples and size
of surveillance subsamples (as listed in sections 3, 4 and 5 below) the
information in Sample Schedule Chart 6 should be foliowed.

1. Aflatoxin
a. * Sample only the foods listed in Attachment A, Section 1.

If the District wishes to sample another product, BEFORE
samplina consult the NDomestic Mveaotoxin Monitoar. Rahun
Jones, at- {301y 436-257% I 302 cannon Le e

irmadista ancpsv ie foaadad

(301) 436-1942, and notify Robyn Jones by e- mall

ed &l oa

Waned -

~ e Cnerakt
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2. Patulin

a.

Various corn-based foods such as tacos, chips, cereals and
snack foods are acceptable for sampling under this progzam
*for aflatoxin testing only*. However, it is preferable o
sample the corn ingredient that will be used in
manufacturing these products. ’

Consider using ultra-violet light (blacklighting) as a
screening technique, prior to sampling shelled corn, if many
lots are available for sampling at one location. In scme
cases, corn contaminated by molds will fluoresce a bright
yellowish green color. See IOM 427.4g; Blacklight Test
Screening Procedure for Aflatoxins in Corn, for guidance on
procedure.

Do not collect more than 2 samples of any specific commcdity
at any firm, unless there is a need to collect more samples
of that commodity for compliance purposes.

Do not sample in-shell peanuts (except the "Runner" variety
of peanut when roasted in-shell) or nut meats destined for
processing that is intended to remove aflatoxin contaminated
nuts.

Do not sample raw peanuts except as a follow-up to violative
levels of aflatoxins in a finished product or when raw
peanuts are offered directly to consumers. This is in
accordance with the FDA/USDA MOU. (Sec. 570.375 CPG
7112.02).

Do not sample popcorn unless there is reason to believe :hat
aflatoxin contamination may be present due to late harves:
or adverse environmental conditions. The characteristics of
the cultivar of corn used for popping make it unlikely to ke
aflatoxin contaminated. )

Sample milk for aflateoxin M; if state coverage is inadeguate
1n areas where the potential for aflatoxin in dairy raticns
exists. Use the results of the District's sampling of feed
under Center for Vet. Medicine directives and the resul:s of
State feed analyses as indications of suspect dairy rations.

Do not sample dairy products such as cheese or yogurt,
unless there is reason to suspect they were made from milk
containing violative levels of aflatoxin M,.

When collecting a follow-up regulatory sample to a positive
*surveillance* aflatoxin sample, record the sample number
and ppb findings for the *surveillance* in the "Remarks"
section of the new C/R.

See Attachment A, Section 2. Only collect apple juice
and/or concentrated apple juice. Since Patulin is not
gestroved Dy NRat Processing. &rd nan occue at pugh leue:s
1n apple juice, including pasteurized avple suice, if
LoLLEn, aoLldy Ul udmayeu appies dre usea to make the juice,
both pasteurized and non-pasteurized single strength juice
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and concentrated juices are to be collected.

If samples are collected in conjunction with the inspecticn
of an apple juice processor, consider collecting samples if
the processor does not cull apples to be used to produce
juice (including stored apples) to remove rotten apples and
visibly damaged apples i.e. bruising, breaks in the skirn,
holes, visible mold, hail damage, bird pecks. Consider
collecting samples also if it is established that the
processor uses drops i.e., apples that have fallen off the
tree and are harvested from the ground, (also known as
grounders or ground fruit) to produce juice.

b. Surveillance sample size is dependent on product form.
Frozen Collect six subsamples with a minimum
Concentrate: volume of 400 mL (approximately 12

fluid ounces) per subsample;

Single Strength Collect six subsamples with a minimum
(ready to drink): volume of 500 mL (approximately 16
fluid ounces) per subsample

If nece$sary, collect additioral units to make up minimum
volume requirements.

c. When collecting a regulatory sample as a follow-up to &
positive surveillance patulin sample, record the sample
number and ppb findings for the surveillance in the
"Remarks" section of the new C/R.

d. Regulatory sample size is dependent on product form
Frozen Collect six subsamples with a minimum
Concentrate: volume of 400 mL (approximately 12

fluid ounces) per subsample;

Single Strength Collect six subsamples with a mini
(ready to drink): volume of 500 mL (approximately 1€
fluid ounces) per subsample

If necessary, collect additional units to make up minimum
volume requirements.

If retail packaged samples are collected, then separate
702(b) samples must also be collected. '

Surveillance Sampling for Deoxynivalenol (DON)

See Attachment A, Section 4 for products to be collected.
Surveillance samples will consist of four (4) 450 gram
(approximately 1 pound) subsamples to be collected from a single
lot of product.

surveillance Ssmpling for Fwronisin FB, and FB,

See actacnment A, Section 3 Ior products LO be coiiecteaq.
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* For data base requirements, CFSAN needs approximately half of
the samples to be degermed, i.e., low fat. Therefore, the
investigator should try to collect half of samples of whole or
partially degermed dry-milled corn products (fat content greater
than or equal to 2.25%, dry weight basis) AND for the other half,
degermed dry-milled corn products (fat content less than 2.25%,
dry weight basis) of corn flour, corn meal, corn grits and corn
flaking grits. Because of this requirement, these products should
be collected at a mill if possible; however, major processors
using these products, will have fat content as one of the
specifications and if the investigator can determine the
approximate fat content, samples can be collected from processors.
State on the collection report, in the remarks section, that the
product is either whole, partially degermed or degermed and state
the approximate fat content obtained from either the miller or
processor. )

Collect ten 454-grem (one pound) subsamples per sample.
5. Surveillance Sampling for Ochratoxin A

See Attachment A, Section 5 for products to be collected. For
cereals and soya based baby food products, collect 4 (four) 209
gram (Approximately 8 ounces) subsamples per sample, for all other
products collect *4 (four)* 450 gram (approximately one pound)
subsamples per sample.

C. Sample Handling: DO NOT pack samples (other than milk or fluid items)
in plastic bags or other moisture-proof containers as this may cause
sweating and result in an unstable sample. Refer to IOM, Chapter 4.

D. Sample Submission

Each FY, consult the ORA Field Work Plan, Part 1, Appendix 3 tc
determine where all mycotoxin samples should be sent. t the time zhis
program is being written, the following analyzing laboratories are
correct; however, if there is a conflict after the work plan is issued,
the workplan is the lead document.

1. All regions should submit samples for *surveillance and
regulatory* aflatoxin analysis to SRL at the following address:

U. S. Food and Drug Administration
Southeast Regional Laboratory (HFR-SE600)
60 Eighth Street, NE :

Atlanta, GA 30309

2. All regions should submit samples for fumonisin analysis to the
KAN-DO Lab at the following address:

U. S. Food and Drug Administration
Kansas City Laboratory (HFR-SW360)
11630 West 80th Street
Lenexa, KS 66214-3338

3. All regions should submirt samples for deoxynivalenol, ochratoxin
-and patulin analysis as per the tollowing table:
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Region Deoxynivalenol ochratoxin patulin
laboratory laboratory labcratory
Northeast NRL NRL NRL
Southeast SRL KAN SRL
Central (BLT,
CIN, NWJ, PHI) NRL NRL NRL
Central SRL KAN SRL
(CHI, DET, MIN)
Southwest KAN KAN KAN
Pacific PRL-NW PRL-NW PRL-NW
TRANSMITTAL NO: PART III PAGE 5
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PART IV - ANALYTICAL

A. Analyzing Laboratories:

Each FY, consult the current year ORA Field Work Plan, Part 1, Appendix
3 to determine where aflatoxin, fumonisin, deoxynivalenol, ochratoxin A
and patulin surveillance samples will be analyzed. At the time this
document is being written, the following information is current. If when
this information differs from that published in the ORA Field Work Plan,
the Field Work Plan is the lead document.

Laboratory Analyzes for:

Kansas City District Lab (KAN) Fumonisin, DON, Ochratoxin, Patulin

Northeast Regional Lab (NRL) Aflatoxin, DON, Ochratoxin, Patulirn

Pacific Regional Lab-NW *(PRL-NW) DON, Ochratoxin, Patulin

Southeast Regional Lab (SRL Aflatoxin, DON, Ochratoxin, Patulin
B. Aflatoxin Analyses

SRL is responsible for all routine aflatoxin analysis. NRL is
responsible for confirmation of aflatoxin identity by negative chemical
ionization mass spectrometry, as required. SRL may, at its discreticn,
perform the confirmation analysis instead of submitting it to NRL.

SAFETY: Be aware of the potential hazards in the preparation of
aflatoxin samples. See Section 49.2.01 (AOAC Method 977.16), 17"
Edition of the Official Methods of Analysis of the AOAC.

1. Follow the procedures and metheds in the 17°" Edition of the
Official Methods of Analysis of the AOAC:

a. Chapter 49 - General precautions

b. Section 49.2.01 (AOAC Method 977.16) - Sampling and
preparation of sample and safety precautions.

c. Sections 49.2.02 (AOAC Method 970.44) and 49.2.03 (AOAC
Method 971.22) - Preparation of standards

d. Section 49.2.04 (AOAC Method 975.35) - Identification of

aflatoxins by TLC - Alternative Developing Solvents

e. Section 49.2.08 (AOAC Method 968.22) - Method I (CB Method)
for peanuts/peanut products (applicable to all nut products
in this program)

f. Section 49.2.09 (AOAC Method 970.45) - (BF Method) -
Aflatoxins in peanuts and peanut butter

—~ - « 1
T, Sazticn 492.2.12 (272X

levels in peanut put

h. Section 49.2.11 (AOAC Method 971.23) - Aflatoxins in cocoa
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beans

Section 49.2.12 (AOAC Method 971.24) Aflatoxins in coconut,
copra, and copra meal

Section 49.2.15 (AOAC Method 993.17) - Aflatoxins in corn
and peanuts

Section 49.2.17 (AOAC Method 990.33) - Corn and peanut
butter

Section 49.2.18 (AOAC Method 991.31) - Corn, raw peanuts and
peanut butter.

Section 49.2.19 (AOAC Method 980.20) - Aflatoxins in
cottonseed products

Section 49.2.19A (AOAC Method 994.08) - Corn, almonds,
Brazil nuts,” peanuts, and pistachio nuts.

Section 49.2.26 (AOAC Method 975.37) - Identification cf =he
aflatoxin Bl by derivative formation on TLC plate.

Section 49.2.27 (AOAC Method 985.17) - Identification of
aflatoxin B,, confirmation method

*Section 49.2.29 (ROAC Method 999.07) - Aflatcxins in pearut

butter, pistachio paste, fig paste, and paprika -
immunoaffinity column/LC with post column derivatizaticn. *

Section 49.3.01 (AOAC Method 974.17) - Aflatoxins M. in
dairy products

Section 49.3.02 (AOAC Method 980.21) - Afiatoxin M; in
and cheese; confirmation of identity by derivative fors
on TLC plate

*AOAC methods that are not in the 17" edition of Edition of =-re
Official Methods of Analysis of the AOAC:

t.

AOAC Method 2000.16 Aflatoxin in baby food, immunoaffin:zy
column cleanup and LC (J.AOAC Int. 2001 in press)

AOAC 2000.18 Aflatoxin M; in liquid milk, immunoaffinity
column/LC (Dragacci, S. Grosso, F., and Gilbert, J.,
“Immuncaffinity column cleanup with liquid chromatography
for determination of aflatoxin M, in liquid milk:
collaborative study”, J. AOAC Int. 84: 437-443, 2001) -~
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The chart below may be used to facilitate calculations for nu:
samples.

Nuts Meat, % by Wt.
Almonds 40
Peanuts 70
Pecans 50
Pistachios 50
Macadamia 29
Pumpkin seeds 74
Walnuts 50

Do not conduct a check analysis on *surveillance* samples.

If any *surveillantce* sample is positive (any level), use lab
class "2" and immediately arrange for collection of a regulatory
sample which is representative of the lot. *Use class "1" for a
surveillance sample only if * no aflatoxin is detected.

‘Confirmation .

Refer to Compliance Policy Guides for required confirmation of
identity procedures for regulatory samples. Mass spectral
confirmation of aflatoxin identity is not required of domestic
peanuts/peanut products, corn/corn meal, pistachio nuts, pumpkin
seeds, cottonseed/meal, coconut meal, or copra. When aflatoxin
levels exceed the guideline in any other product:

. wrap the vial containing the aflatoxin Bl in foil to protect
the contents against light and moisture;

. *after notifying the confirmation lab of its transmittal,
send the vial by a one-day delivery service either to NRAL
(HFR-NE580; 158-15 Liberty Avenue, Jamaica, NY 11433; (718)
622-5439) .

. Note: At the option of the lab doing the initial analys:s,
that lab may also do the confirmation analysis
instead of sending it to NRL. *

Confirmation of identity will be by negative ion chemical
ionization mass spectrometry as per B.l.s.above. In Part vI,
references- #3 and #4 pertain to this method.

Reporting

The analyzing district will report analytical results into FACTS
using the LMS codes in the "LMS Code Manual", It is particularly
important that all analysis be entered using the flag code "MYC"
and that the correct Mycotoxin Code for the mycotoxins analyzed

for be used.

For folilcw up reguiatory samples, report the sample number and ppb
r-54 : - T - R . N i N .

Yl ar,et s

IR - - - v
PO R R D PR « SurvVe L. a

the FDA 2196 (b) .

N PR s - )
R AT ol Vil s L Carmail

TRANSMITTAL NO:

FORM 2438 g (10/91)

PART IV PAGE 3

44




PROGRAM 7307.001

c. Patulin Analyses

1. General: Samples of frozen concentrate should be diluted eicher
as per recommendation for dilution or to a Brix value of 11.5
(single strength) before analysis (Federal Register 56 No. 127,
pp30452-30466, 1991).

2. Methods:
Follow the procedures and methods in the 17" Edition of the
Official Methods of Analysis of the AOAC:
Section 49.7.02 AOAC Method 995.10 - Patulin in apple juice,
liquid chromatographic method, AOAC-IUPAC-IFJU Method. AOAC
International adopted this method in 1995. The method is
published in JAOAC 79(2): 451-~455, 1996.
AOAC method that is not in the 17" edition of Edition of the
Official Methods of Analysis of the AOAC:
AOAC method 2000.02 Patulin in clear and cloudy apple juices ard
apple puree (McDonald, S., Long, M., and Gilbert, J., “Ligquid
chromatographic method for determination of patulin in clear and
cloudy apple juices and apple puree: collaborative study”, J.20xC
Int. 83:1387-1394)

3. Confirmation of Identity of Patulin:
For regulatory samples, confirmation is to be done by mass sp=c.
Two acceptable procedures are:
Rupp, H.S., Turnipseed, S.B. “Confirmation of patulin and S-
hydroxymethylfurfural in apple juice by gas chromatography/mass
spectrometry”, J. AOAC Int. 83: 612-626, 2000)
Roach, J.A.G., White, K.D., Trucksess, M.W., and Thomas, F.S.,
“Capillary gas chromatography/mass spectrometry with chemical
ionization and negative ion detection for confirmation of 1dentity
of patulin in apple juice”, J. AOAC Int. 104-112, 2000)

4. Reporting *
The analyzing district will report analytical results into FACTS
using LMS codes from the "LMS Code Manual". It is particularly
important that all analysis be entered using the flag code "Myc"
and that the correct Mycotoxin Code for the mycotoxins analyzed
for be used.

D. Deoxynivalenol Analyses (DON)

The method of analysis is published in J AOAC Intl. 79(4) :883-887, 199¢.
This is the same method used in previous deoxynivalenol field
assignments.

The analvzing district will report analvtical results 1nto FACTE us:ng -
LiS codes Lrom tne "LM3 Code Manuali. 1T 1> pdrticuldrly importan:
that all analysis be entered using the flag code "MYC" and that the
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correct Mycotoxin Code for the mycotoxins analyzed for be entered inte

field position 25 as per Appendix I.
If DON is not found, the sample should be assigned a Lab Class “1”. If
it is found at any level, it should be assigned a Lab Class "“2”.

*Notify the Domestic Mycotoxin Monitor, Robyn Jones by e-mail when the
Deoxynivalenol guidance level of 1 ppm is exceeded. *

E. . Fumonisin Analyses

*Follow the procedures and methods in the 17" Edition of the Official
Methods of Analysis of the AOQAC:

Section 49.5.01 * AOAC Method 995.15 - Fumonisins FB,, FB;, and FB; in
corn, liquid chromatographic method, AOAC-IUPAC method. This method
was adopted by AOAC International in 1995, and is published in the J.
AOAC Intl. 79(3): 688-696, 1996. The method was developed specifically
for corn, therefore for products other than corn; it is recommended
that recovery studies be done on such products before the final
analyses. :

*AOAC method that is not in the 17™" edition of Edition of the Offisial
Methods of Analysis of the AOAC:

AOAC Method 2001.04 Determination of fumonisin FB, and FB; in flour and
corn flakes by LC with immunocaffinity column cleanup(J. AOAC Int., in
press 2001)~*

The analyzing district will report analytical results into FACTS using
LMS codes from the "LMS Code Manual". It is particularly important
that all analysis be entered using the flag code "MYC" and that the
correct Mycotoxin Code for the mycotoxins analyzed for be used.

If Fumonisin is not found, the sample should be assigned a Lab Cliass
“1”. If it is found at any level, it should be assigned a Lab Class
wpu

*Notify the Domestic Mycotoxin Monitor, Robyn Jones by e-mail when thre
guidance levels (listed in Part I.B.4) for total fumonisins (FB, + F2; -
FB;} are exceeded. *

F. Ochratoxin A Analyses

The method of analysis is the AOAC Method 991.44, Ochratoxin A in Corn
and Barley. The method was published in JAOAC 79:1102 1996. This
method was modified and a copy of the modified method was supplied to
KAN, and SEA.

* (AOAC method not in the 17" edition of Edition of the Official
Methods of Analysis of the AOAC) AOAC method 2000.03 Ochratoxin A in
barley, immunoaffinity column/LC (Entwisle, A.C., Williams, A.C., Mann,
P.J., and Slack, P.T., “Liquid chromatographic method with
immunoaffinity column cleanup for determination of ochratoxin A in
barley: collaborative study”, J. AOAC Int. 83:1376-1383, 2000) *

fhe analyzina aistrict wili report analytical results into FACTS .ain
LMS codes from the "LMS Code Manual”. Tt is particularly importent
that a1l anaiysis be entered using the riag coae “MYC™ and tnat tne
correct Mycotoxin Code for the mycotoxins analyzed for be used.
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If ochratoxin is not found, the sample should be assigned a Lab Class
“1%. If it is found at any level, it should be assigned a Lab Class

W

*Notify the Domestic Mycotoxin Monitor, Robyn Jones by e-mail when an
Ochratoxin A level greater than 4 ppb is found in any commodity.. A
maximum level of 5 ppb has been proposed as an international standard by
CODEX for ochratoxin A in wheat, barley, rye, and their derived
products; therefore data is needed from this Compliance Program to
support the U.S. position on this issue. *

" .
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PART V - REGULATORY/ADMINISTRATIVE STRATEGY

A. Aflatoxin

The following sections of the Compliance Policy Guides are applicable
when recommending legal actions against products collected under this
program:

Section 527.400 Whole Milk, Low Fat Milk, Skim Milk - Aflatoxin M; (CPG
7106.10)

Section 570.200 Brazil Nuts - Adulteration with Aflatoxin (CPG 7112.07)

Section 570.375 Aflatoxin in Peanuts and Peanut Products (CPG 7112.02)

Section 570.500 Pistachio Nuts - Aflatoxin Adulteration (CPG 7112.08)

Section 555.400 Foods, Adulteration with Aflatoxin (CPG 7120.26)

The following MOUs with USDA are in effect:

Peanuts and ‘Peanut Products: 225-96-2001
Brazil Nuts: 225-96-2002
Pistachio Nuts: 225-96-2003

*Complete copies of the MOUs can be obtained by contacting the Division
of Compliance Policy, Office of Enforcement, HFC-230, at (301) 827-
0420.*

Mass spectral confirmation of aflatoxin identity is required for all
domestic foods except peanuts/peanut products, corn/corn meal, pistachio
nuts, pumpkin seeds, cottonseed/meal, coconut meal, and copra. Aflatoxin
identity of all samples should be confirmed using AOAC method 975.37

The Home District must report analytical results on regulatory samples
that are "out of compliance" (i.e., judged to be of regulatory
significance) to the responsible firm and to cooperating State cfficials
within their Districts.

When milk samples contain more than 0.5 ppb of aflatoxin M;, dairy feed
should be sampled under the appropriate Center for Veterinary Medicine

(CVM) programs to determine the source of the contamination. Initiacte

appropriate legal action against dairy products under this program, and
against feed under CVM's instructions.

FDA has agreed that aflatoxin contaminated peanuts may be processed into
oil since normal refining effectively removes aflatoxins present in the
crude oil. The residual meal cannot be used for domestic food or feed
unless shown by analysis to be at a level for aflatoxins that is not of
regulatory significance.

Immediately notify the Office of International Affairs, HFG-1, at (301)
827-4480, when informed of export lots of corn identified by USDA as
appearing to be actionable, so that appropriate follow-up can be
initiated.

Districts with recurrent aflatoxin problems within their boundaries
should consider conducting aflatoxin contro) woarkshans Ageictance
(workshop materials, speakers on selected topics, etc.) in develsping
svrh rraqrame is availakhle r‘hrr"-qh Tr*r'l!.vcf'r"' DArtisritime Qeafé URC.RRE

(202) 205-5251.
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B. Patulin
*The following Compliance Policy Guide is applicable when recommend:ing
legal actions against products collected under this program:
Sectien 510.150: Apple Juice, Apple Juice Concentrates, and Apple Julce

Products - Adulteration with Patulin

Mass spectral confirmation of patulin identity is required for all
domestic and import samples.

C. Fumonisin, Deoxynivalenol, Ochratoxin A

CFSAN will use the data on the incidence and level of these mycotcxins
in various commodities in conjunction with tcxicological data:

. to access the need, for guidance and/or enforcement levels;

. to conduct risk assessment;

] ‘to address interrational concerns;

. to initiate discussions with industry;

. and to conduct any follow up action necessary for Public Kealth

Protection. *
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B 4 £

% 4% % (Aflatoxins) Z &%

I. Pre-column-TFA ( = f B4 8% ;5 AT fi4% TFA)
1. TFA #7 £ R 2 845
FHEELELEMN 0.5mL 2 Acetonitrile
| RARE
| % %] e ATFA 0.1 mLi#4747 £ 1t
VROABENERTISNG
| Ao A R B H K (9:1)iR A% 0.9 mL
|¥HFEFRERTFAITAR

2. BB
B %+ ¢ C-18,3um, 150x4.6 mm ID , YMC-AQ-302-3
Pump : Waters 600 | |
Autosampler : Shimadzu Sil 10A
Spectrofluorescence detector : Mcpherson Instrument FL-750 BX

3% ! Mcpherson Instrument Z. spectrofluorescence detector ( & w9 )
#AK E#BR (Cutofffilter; B £ ) HAHEE  Hllo kR
St #1258 2 3% BB 418 nm 2 8 4% £ PB4 - 3 FDA
ANB&AT LBAARBEHES  LEALKBRE -

g : Spectrofluorescence detector
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B & : & x Cut off filter

3. B
A4E 10 L
#ik ¢ 1 mL/min
#Eta - 50 % FERAKIER
B FAEAE B3R 3350m o 4k 2418 nm

4 BATER
250
200 AFB,
™
-«
Q
3
[Te)
150
>
£
100 AFB,
®
g
50 @
3
5 = 3
=N &
0 ~ ) -
0 5 10

minutes



II. 4# A PHRED (Photochemical Reactor For Enhanced Detection )
1. FEREE
F4E FAZ R BEM 40% acetonitrile( St i & 4 F FARE L
‘b & acetonitrile # B K > BEHNEFEFH KO BERERE) -

2. HRB®MH
& # %4 : C-18, 3um, 150*4.6 mm ID , YMC-AQ-302-3
Pump : Waters 600
Autosampler : Shimadzu Sil 10A
Spectrofluorescence detector : Mcpherson Instrument FL-750 BX

Photochemical Reactor For Enhanced Detection ( B 75

B 75 : Photochemical Reactor For Enhanced Detection

3. Bk
418 10 yL
i ¢ 1 mL/min
HEpta D CAFH K+ TEE+HEEEL=125 1300 : 62 2.5 (V/V/V)
BHRERB B A=333nm HF4k 2418nm
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1k %5 # % (Fumonisins) Z #5&

1. ZELEE
¥ FB,~FB, B ~FB; X 2R LML B~k F A% (111 viv)
#iE

2. Rz
WwREKSOg
| #a A 5 g NaCl
| e AEERES 100mL (FEE : k=4:1(N) BHEWLHRS)
V398 1 548
| Whatman No.4 i 488
| BREHUR 10 mL Ao 40 mL 3 FKE24
| R RBBHBKRER
| g3 2mL
| BA1 58/452 3% 3% 18 i® FumoniTest™ (Vicam) % 3% 340tk 44z
| Z8FAKSmL FRER
V15 mL FEE Rt (1~2 #/4)
| AR (B % T B @4k peak # K )
V N 200uL ZZ BE: k=41 1(vIV)
AR

3. #7141t
a: FTAJEA ¢
- PESIA] (AT 4% OPA B BRA-X P&t 40 mg
BEAFEE ImL > £ 0.1 M maisE — 45 % SmL HE > Bl
LEEES0 L R4 » BP A OPA R En—HAARER)
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b. #] A Shimadzu Sil 10A autosampler Z & 24 i & (50
ﬂL) &4’Ti4bviﬁ"} (2OOUL) RAEIEAN (10,&L) A EE
ANEBERI# 2 542 -

4. 1B BHRMHE
B 47 %% C-18, 3um, 150x4.6 mm ID , YMC-AQ-302-3
Pump : Waters 600
Autosampler : Shimadzu Sil 10A

Spectrofluorescence detector :  Mcpherson Instrument FL-750 BX

5. B
418 010 L
ik ¢ 1 mL/min
#E48 T AE+ K+ ESEE =500 1 500 : 10 (v/v/v)
BAARE D BBEA=333nm F4% 2418 nm

6. RATEXR :

SampleName F8 Sds Sample Typa Unknown
Vial 1 Date Acquited S9/02 103412 AM
Injection 1 Acq Method St MIKE
Injection Volume  50.00 ul Processing Method mike
Channet SATIN Date Processed  §/29/03 11:14:25 AM
Run Time 40.0 Minutes
Auto-Scaled Chromatogram
1400901 ! i
120009 FBI l
~
: 3 |
100000+ j = '
i i {
5 MO !l f\ F !
H i |
' 480 04 i i v B2 FB ;
Pooow i 8 o 3 i
)4 ~ ~ i
10000 '% % !! : & = |
I ! | S |
-4 {1 - A t
200 M1 I 3 ,'C'. dal, 3 i 3 I J}\‘ 1
PR i sy = & ANEA !
son~ A et b ,.’27.-/1.‘;__‘._1.“,.~_AQ~-~_...__.,~1.“4_.' e i}
6.00 % 19,00 1590 %98 P 30.00 e ane




ML

%% %% (Aflatoxin) &

##%% (Ochratoxin A) Z &%
1 #M5FRELEE
MM EE AWM oA CRE-BEUIRR (99:1) B B 40k T
B K R AR -

2. thBnB
R4 1 C-18, 3um, 150%4.6 mm ID , YMC-AQ-302-3

™0

Pump : Waters 600
Autosampler : Shimadzu Sil 10A

spectrofluorescence detector : Mcpherson Instrument FL-750 BX

3. Baikt
E4E 10 uL
ik ¢ 1 mL/min
BE#AR A TR+ FEE+K=250: 125 : 600 (v/v/v)
84 B TRE+ K+ BEEEE =600 : 400 : 5 (v/v/v)
BARAMNE (FHHEF) MEHK 365nm » 4% 2418 nm
BRAAE (HMFEF) #HA 333 F4k 2418nm

58



4. Gradient Program

Time Flow % A % B 2 HARR B
Initial 1.00 100 0 365 nm
5.00 1.00 100 0 365 nm
10.00 1.00 0 100 333 nm
18.00 1.00 100 0 333 nm

anl

5. Rm&EXR

Sanpieianee.
vial

jection

njecticn Volume |

Channel
Run Time

a0 “1

i

300004 |
!

|
20001 ‘

4
10000 |

"y

e20 7 Lo,
’ .

10000
.
H

BT

£ BRE

MBS EM A T4 10min BRATTREH -

LAY OT Dyt tora ey
AW 03 Tyt by s Uit eann

ALPBATY 0 05 24 ki
KMIKE

} Pl srmmerd
Aan Lluthod St

£9.60 ut

Fracessing Method nuke
" SATN Date Processed 5028403 1 1:04 44 A
50.0 Miwuies

AFG, AFB,

A J\ - LA ‘
AL e
[ 7, —
,_f’w-?'\' ‘V\.._A'.‘Z».,,L.-l “ E// \

'
" N -
il
¥ |

— ¢

16

T T H . M
% 5-) 1900 1200 1480 lGIOO 1800 699 2260 2400 2899 2394 009
LRaukes

LR X ]

59



Ft 4+

¥4 F % (Patulin) 2R

1. B3E
a. #4880 % & 2L ethyl acetate 5% #| A sodium carbonate solution
#ib -
b. 3 E% #] A anhydrous sodium sulfat #§ ethyl acetate vk #, ©
c. #4§ % # reversed-phase LC with UV detection 4-#f °

2. BERKRE !
BN EERELULERE-

3. Rz W

Glass tube A (20 x 150 mm, glass with cap)
{ 5 mL juice + 10 mL ethyl acetate

} shake 1 min

| let layers separate

| transfer upper layer to another tube B
| add 10 mL ethyl acetate to tube A

| shake 1 min

| let layers separate

y transfer upper layer to tube B

J add 2 mL Na2CO3 solution to tube B
J shake, let layers separate

J transfer upper layer to tube C

| add 5 mL ethyl acetate to tube B

| shake, let layers separate.

60



| transfer upper layer to tube C

| add 1 g anhydrous Na,SO, to tube C

} shake, let solids settle

| decant solution into tube D (or flask)

| place tube D (or flask) in water bath at 40°C under N2
| evaporate to 1-2 mL

| quantitatively transfer extract to a 8 mL vial

J rinsing tube 3 x 1 mL ethyl acetate

| evaporate to dryness

| dissolve residue in 0.5 mL pH 4 acetic acid-water

# & (store test solution in freezer if not analysis immediatly )

4, 14 B
RAE4 139x150mm:* 5um 10% carbon load
J& ¥ 4% - SpectraSystem P4000

5. B AR
45 E 010 uL
ik ¢ 1 mL/min
# %48 0.8 mL tetrahydrofuran + 100 mL water
UV a3 % © k& 276 nm
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6. BAT&R :

??53%":68‘%

patulin
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i 44+ —

DON ¥ B
1. Z2E£LELE
DON Z 42 & 2 PEEFHE (DON TR ERENFERLIE AR)

2. mRZH G
25g ® K
A 50 mL 2 3 EGR(TAEF ¢ k=9 1)
| $##:24 3 min
! Whatman No.4 & 488
| & 6 mL j&& to 15mL polypylene centrifuge tube ([ + )

| #% clean up column (Mycosep 225 column) & # polypylene
centrifuge tube % % —3% (B /)

| %12 89 4% clean up column (rubber flange end)# polypylene
centrifuge tube (B A )

| BLi& iB clean up column Z jE & 2 mL
| RAR

| 7 50% 78R

R

B £ : J&#& Ao\ polypylene centrifuge tube



B A\ ~ clean up column E# polypylene
centrifuge tube Z 3 — 3%

B /U ~ 4812 #95% clean up column # polypylene
centrifuge tube » i@ & 4 Z & R AL £ & o
3. R BEME:
& # % # : Becman ODS, 5 um, 250*4.6 mm ID
J& #7144 * SpectraSystem P4000

4. AR
E5E 010 uL
ik ¢ 1 mL/min
Bote: FEAERCRENBORRSEME T EHLAAH -
DON peak H R eyt F » 2B RAAE )
UV RS © %R 2540m
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5. B#r&R ¢

Analyst: System

Sampie ID: DON-300 Vial: AD4 Injection Volume: 10
§ T e e e m e n e e e e e
3 Rewntion Thne
2000 4 £ |- 2000
1 ,"-
v. I
; I{i DON 1
Y ! ?
we | l l Lo 3
i
i
4 I
b 2 !
n i 7
M . _——— -_‘B‘_.’%L.,..MM.,....-,,,.._‘ \.,-..-_,,_,i
) i f
b e et v o e e v p v TR R vy e T B e S NS e P s (e (3 o rper op ]
H 2 3 4 s 6 7 13 [ RL

Msgsey

65



M+ =

Elisa test for T-2 Toxin

1. Elisa test kit ( Veratox )

Includes antibody well stripes, red mixing well strips, blue-labeled
bottle, red-labeled bottle, green-labeled bottle, calibration standards
(Oppb, 25ppb, 50ppb, 100ppb and 250ppb )

2. Sample preparation
mix sample till it pass 20 mesh sieve
{ 5 g sample + 25 mL 50% methanol
| shake vigorously for 3 min
| filter at least 5 mL through a whatman#1 filter

collect the filtrate as sample

3. Quantitation test

a. Add 100 L of conjugate from the blue-labeled bottle in each
red-marked mixing well. ~

AP A A A S R i

PSRN NRY I 1Y ¥ By

b. Transfer 100 u L of calibration standards ( Oppb, 25ppb, 50ppb,
100ppb and 250ppb) and samples to the red-marked mixing
wells.

c. Use the 12-channel pipette, mix the wells by pipetting it up and
down 3 times.
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n. Pipette the red stop solution from the red-labeled reagent boat.

0. Add 100 2 L red-labeled reagent to each well and mix by sliding
back and forth on a flat surface.

p. Wipe the bottom of microwells with dry cloth or towel and read a
microwell reader using 650nm ( result should be read within 20

min after adding red reagent ) .

4. Results
et
vealM <N (| ~ 3
P e 1 ] o biad
» -~ 11 <ToSHDWI OO 1
v - = 1 1 ® e m o amaosme em Wh “ -
seet - 1A CAOOREINN DD 190 /./ i
L Tl O Naulby Mo 0 2 :
] o bl e ] sty o~ i
Pt B S T un. -
o ¥ | I B o F
o LI T LRI 5 e TR 0~ A e bt L o
n = 1% CHY AN PRI D02 ' g w
<« (¢] e 1S ASODINURNADT s M) J W
AT Fecew Mrrtancsr (X0 e m s e ®eusans B LA™
[ O WWBWGLD 1 1< e TGS DGR RCNCT N : mg &
D RS o I UR N /K S - I | 1o B | B w -
Mz 2t ANAIQ) ) 1 Qe NN [~ g
fr s Ul B (R 2 o N IR S & S X 15 ) (I 8 KR e 3 -
R TN R P e O SETETNTHE TN L w
WA DELe D 1 Q|4 e SISO OIKON D 04 (e B T 4 ?f L]
(] L B )W) wotedeed Sl s B3 s e em e [
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14. Pipette the red stop solution from the red-labeled reagent boat.

15. Add 100 # L red-labeled reagent to each well and mix by
sliding back and forth on a flat surface.

16. Wipe the bottom of microwells with dry cloth or towel and read
a microwell reader using 650nm( result should be read within 20

min after adding red reagent ) .

4. Results

L]
1M ™ s < Mrai
“t? ) b B ek
v - 11 EOS/ESINGROCTHE el
3 LT 2 ] ] 1 ® o mw e o™ v a0 em o<t /‘ -
Poee] - & 121 UGS RN N @8 1D s ™
A Pl O MaRy MR eN 0 SRR k
» o bal e veaN sy e ~
- " I T R ues. e i
L < v ] I (VI n
el “ EI B TR i o e T e i A o e et I X} i
b3 = 141 CLIDNCERCIIMDL 0 1 § %)
< 0 e 1O AEXODINUTRNADE e M) )
AT pear PMrrtasmt () T mees P aasnne M LR~ w
yats (LI RN U0 B R [0 o AR, P B BT w4 T w1y ot Y BRI
SN I NI 1 e all e & i
M: dat AN ) 1 st oW 5
TS e i N RN eme ] e S CICMIILD 16 % 1 -
Tk S R S R I S 0 CETEWTH TR f )
WA OB D 1 6] 42 e MDD 0t fee R K 5 6 OH OB n
() B T C L A TVON I Y IR YT 8 wetedrd it SHei B wn o m ed .
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