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0000001.1 mg/kg

NOAEL : 0.1 mg/kg/day

PMTDI : 1u g/kg/day

Daily Intake of Wheat : 89.8 g/man/day
Reduction rate in processing : 50%

50u g+ 89.8 g+ 50/100 0 1.1y g/g (mg/kQg)
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Concentrations (ng/g) of Fusarium Mycotoxins in Naturally Contaminated Wheat and Milling Fractions

Sample No. of Weight P{:E;ﬁ:glgn Concentrations

milling fractions (9) wheat (%) DON NIV ZEN
1. Whole wheat 2000 00168 00O 510 oo 8
2. 1st break flour 1795 9.0 00125 (- 26)* OO 138(- 73) OO 0 (-100)
3. 2nd break four 755 38 00 92(-45) OO 148(-71) OO 0 (-100)
4. 3rd break flour 36.7 1.8 00 79(-53) OO 155(-70) OO 1(- 87)
5. Bran 235.1 11.8 00457 (+272) OO 1567 (+307) [ 0 19 (+238)
6. 1st middling flour 349.2 175 00108 (- 36) 00O 129(- 75) OO 0 (-100)
7. 2nd middling flour 134.4 6.7 00114 (- 32) OO 160 (- 69) OO 0 (-100)
8. 3rd middling flour 81.2 4.1 00115(- 32) OO 157(-69) OO 1(- 87)
9. Shorts 119.8 6.0 00557 (+332) [0 01365 (+268) [ 0 23 (+288)

*

% change due to milling (-, reduction; +, increase)
TANAKA, T et al. J. Food Hug. Soc. Japan vol. 27 (1986)
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Tolerances for Deoxynivalenol

Commodity Level (ng/g)
Japan
Wheat 1100
FDA (US)
Wheat products (flour, bran, germ etc.) for human 1000
Wheat and wheat products for feed ingredients 4000

(below 10% of swine and pet diets)
(below 50% of ruminants and poultry diets)

Canada

Uncleaned soft wheat 2000
Swine diets 1000
cattle and poultry diets 5000
Austria

Wheat, rye 500
Durum wheat 750

JECFA (2001)
PMTDI 00000000 O0OOOO1u g/kg/day
(provisional maximum tolerable daily intake)
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Problem on Mycotoxin Methodology in Foodstuffs

00 Method 0 Extraction 0 40000000 0AOACI Association
O Cleanup of Official Agricultural ChemistsOO O O
O Detection and Limits
. . O00000o0oooooooooooaon
O Confirmation
O Solvents 00000o0o0o0ooboOooooon
1 Validation 000000000 00000000
0 O Regulation O Mycotoxins oooboboboboO0o0o0oQg eCcU ECDO
O Level
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040000000 DONOONIVODOOODOODOOO IO
Current methods for analysis of DON or/and NIV in cereals (foods) (1)

Method AOAC T. Tanaka T. Tanaka H.L.Chang M.W.Trucksess B.R.Malone Y. Shirai
Repot AOAC49.4.02  Food Add. Con. J. Chromatogr.  AOAC AOAC AOAC Shiryouken
2, 125137 882, 23-28 67, 52-54 79, 883-887 81, 448-452 26,19

Year 1986 1985 2000 1984 1996 1998 2001

Extract CHC13/EtOH CH3CN/water CH3CN/water =~ CH3CN/water CH3CN/water ~ CH3CN/water CH3CN/water
(8:2) (3:1) (3:1) (84:16) (84:16) (84:16) (84:16)

Cleanup Silica Florisil/Silica  Florisil Al-Charcol MycoSep#225 MycoSep#225  MycoSep#227

Separation  |GC GC GC LC LC LC LC

Detection ECD ECD MS UV (229nm) UV (220nm) UV (220nm) UV (220nm)

Deivatives  |HFBAA T™S T™MS

Det. Limits  |{350ppb 2ppb (D/N) 5ppb (D/N) 30ppb (S/N=2)  500ppb 100ppb 100ppb (D/N)
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Current methods for analysis of DON or/and NIV in cereals (foods) (1)

Method AOAC M.M.Abouzied YI-C, Xu
Repot AOAC49.4.01 Appl.Env.Microb. AOAC
57, 672-677 71, 945-949
Year 1986 1991 1988
Extract CH3CN/water MeOH/water CH3CN/water
(84 :16) (7:3) (84:16)
Cleanup Al-Charcol Al-Charcol
(#216)
Separation TLC
Detection UV-FL ELISA ELISA
Deivatives AIC13
Det. Limits 300ppb 1000ppb 10ppb
o
0
~
— T
o
CHHy

Structure of aflatoxin B4

HIY: A=
4ACHIV: R=0dAc
DHOM: F=H

T=2: A'=0L0CHICH{CHE )
DAS: M'=H
HE: A'=0H

Structure of trichothecenes
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Extraction efficiency for trichothecenes in a artificially molded rice

Extracting solvent Percentage of trichothecenes extracted
Nivalenol Deoxynivalenol
Methanol*a OO0 25 ooo 26
Methanol/water (9 : 1) gog 55 goo 48
Methanol/water (3 : 1) goo 88 oogd 75
Methanol/water (3 : 2) OO0 69 ooo 63
Acetonitrile ooo 3 ooo 3
Acetonitrile/water (9 : 1) gooo 8o gooogd 67
Acetonitrile/water (3 : 1) 000 100%b 000 100%b
Acetonitrile/water (3 : 2) goo 85 gogd 85
Acetonitrile saturated with n-hecane goo 3 ooo 3

*a : Amonts of trichothenes extracted with methanol are 1.6 mg/kg for nivalenol and 2.9 mg/kg
for deoxynivalenol

*b : Numbers are percentages, taking the methanol value as 100
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0 Sample (powder 20g)
g D‘ O Shake with 200ml of acetonitrile-water (3 : 1) for 30 min.

0 F‘iltrate

O Acetonitrile water layer 125ml

O q O Shake with 100ml of n-hexane for 10 sec.
O Acetonitrile-water layer

0 0 O Add 120ml of ethanol

0 O O Evaporate to dryness

O Residue

0 O O Dissolve in 5ml of methanol

0 0 O Charge 4ml to columm

O Florisil colum (Florisil-PR 10g/chloroform)

0 O O Elute with 100ml chloroform-methanol (9 : 1)
0O O O Evaporate to dryness

O Residue

0 0 O Dissolve in 4ml of methanol

(A) 0.4ml methanol (B) 1ml of methanol (C) 1ml of methanol
0O O [0 Evaporate to dryness 0O O O Evaporate to dryness 0 0|0 Evaporate to dryness
O Residue O Residue O Residue
0 O [ Dissolve in 0.1ml O O O Derivatize to trimethyl- 0 0|0 Dissolve in
0 O [ of chloroform 0 0O O silyl ehters (0.2ml) O 0|0 2ml of PBS-Tween
oop O O O After the reaction, 0 0|0 10% ethanol
oonp 0 O O add to 3.8ml of ethyl acetated 0|
0 HPLC 0 GC/ECD 0 GC/MS O ELISA
O (for ZEN) (for DON, NIV) (for DON, NIV, O (for T-2)
T-2 & ZEN)
Analytical procedure of Fusarium mycotoxins
OD40Fusarium 00 000O0ODOOOOOO
O0700000000000000000O0O0DODOODOOO
The recovery of trichothenes in moldy rice by various methods
Method Extracting Dissolving Trichothecenes, mg/kg (%)
solvent Solvent Nivalenol Deoxynivalenol
Tanaka MeCN/H20 MeOH 13.3 (100)*a 14.3 (100)
@3:1)
Kamimura MeOH/H20 MeC¥¢3/MeOH 2.7 ( 20) 4.3 ( 30)
(95:5) 9:1)
PSJ MeCN MeC¢3/MeOH 02( 2) 04( 3)
satu-hexane 9:1)

*a : Numbers are percentages, taking theTanaka methanol value as 100
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O50Fusarium 00000000 GCO MSOOOOOOOOOOO

Total ion chromatogram (A) of TMS derivatives of trichothecenes and zearalenone standard,
and mass spectra of deoxynivalenol (B) and nivalenol (C). (1) deoxynivalenol (0.5ng); (2) 3-
acetyldeoxynivalenol (0.5ng); (3) diacetoxyscirpenol (0.5ng); (4) fusarenon-X (0.5ng); (5)
nivalenol (0.5ng); (6) neosolaniol (1ng); (7) T-2 toxin (1ng); (8) zearalenone (1ng).
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O60Fusarium 00000000 GCO MSOOOSIMOOOO
SIM chromatograms of TMS derivatives of Fusarium mycotoxins extracted from

wheat, showing contamination with 34 ng/g of deoxynivalenol (DON) and 87 ng/g of

nivalenol (NIV). Time scale in minutes.
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RSDr and HORRAT values for typical concentration levels
= found in commodities contaminated with mycotoxins

Concentration, C

"
- i
% Exponential -Log C Conventional RSDr, % HORRAT

= | fraction
0010 6 1 ppm 16 1.0
00107 7 0.1 ppm 23 1.0
o010t 8 10 ppb 32 1.0
0oi10° 9 1 ppb 45 1.0
ooi10 10 0.1 ppb 64 1.0
N ’é i £ RSDs, % (predicted)=2(:0500,0=pC (01509
N - " and HORRAT=RSDr (found)/RSDr (predicted),

gr7oooboobooooboo

The general curve relating interlaboratory coefficients of
variation (expressed as powers of two on the right) with
concentration (expressed as powers of 10) along the
horizontal center axis
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Method performance for determinatuion of aflatoxins (1 : LC)

Method Detection Commdity Level Rec., RSDr RSDR PRSDR HORRAT
(AOAC) ng/g % % % %
994.08A MycoSep-LC Corn T-5 102 22.8 355 0.64
T-10 100 17.7 32.0 0.55
T-20 98 6.0 22.3 28.8 0.77
T-30 105 154 27.1 0.57
NC (23) 20.4 20.4 28.23 0.72
Almond T-5 90 16.4 26.3 355 0.74
T-10 94 19.6 32.0 0.61
T-20 93 22 28.8 0.76
T-30 96 17.2 27.1 0.63
Peanuts T-5 74 6.8 69.4 355 1.95
T-10 86 25 32.0 0.78
T-20 91 26.2 28.8 0.91
T-30 83 21.7 27.1 0.80
Pistachio T-5 92 33.6 355 0.95
T-10 92 27.4 32.0 0.86
T-20 91 23.2 31.8 28.8 1.10
T-30 92 19.8 27.1 0.73
990.33 SPE (S)-LC Corn B1-5 27.2 32.3 355 0.91
B1-10 12.8 15.8 32.0 0.49
B1-50 8.3 384 24.95 1.54
Peanuts B1-5 11.2 24.4 355 0.69
butter B1-10 13.1 27.2 32.0 0.85
B1-25 19.1 334 27.88 1.20
giliooodooooooooboooglAcLcOoOn
Method performance for determinatuion of aflatoxins (2 : IAC-LC)
Method Detection Commdity Level Rec., RSDr RSDR PRSDR HORRAT
(AOAC) ng/g % % % %
999.07A IAC-LC Peanuts B1-0.9 10 19 45.98 0.41
butter B1-3.6 3 18 37.32 0.48
NC (0.8) 6 32 46.8 0.68
NC (1.5) 6 14 42.58 0.33
NC (3.4) 4 19 37.64 0.50
Pistachio B1-0.9 14 16 45.98 0.35
past B1-3.3 4 31 37.81 0.82
NC (0.7) 11 17 47.75 0.36
NC (1.5) 18 23 42.58 0.54
NC (2.9) 20 21 38.55 0.54
Fig pasre B1-1.1 17 19 44.61 0.43
B1-3.6 11 13 37.32 0.35
NC (1.3) 10 23 435 0.53
NC (2.1) 6 15 40.47 0.37
NC (2.6) 16 29 39.19 0.74
Paprika B1-0.9 6 10 45.98 0.22
powder B1-3.4 5 10 37.32 0.27
NC (0.8) 14 19 46.8 0.41
NC (1.4) 10 17 43.02 0.40
NC (3.0) 4 9 38.36 0.23
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Method performance for determinatuion of aflatoxins (3 : TLC, ELISA)

Method Detection Commdity Level Rec., RSDr RSDR PRSDR HORRAT
(AOCAC) ng/g % % % %
993.17 SPE (S)-TLC Corn B1-5 88 56.6 56.6 35.5 1.59
(densitometer) B1-10 83 41.7 41.7 32.0 1.30
B1-50 76 47.5 47.3 24.95 1.90
Raw B1-5 78 21.3 26.4 35.5 0.74
peanuts B1-10 83 37.3 37.3 32.0 1.17
B1-25 84 26.1 28.9 27.88 1.04
B1-1.5 103 38.1 50.3 42.47 1.18
SPE (S)-TLC Corn B1-10 100 114 56.7 32.0 1.77
(visual estima.) B1-50 92 34.6 34.6 24.95 1.39
Raw B1-10 101 12.6 35.7 32.0 1.12
peanuts B1-25 87 31.8 31.8 27.88 1.14
989.06 ELISA (Visual) Corn B1-7.5 385 60.7 33.42 1.82
B1-52.3 135 59.5 24.19 2.46
Roasted B1-4 73.7 73.7 36.73 2.01
peanuts B1-64.1 24.3 57.3 22.99 2.49
ELISA Corn B1-7.5 14.9 45.7 33.42 1.37
(Absorbance B1-52.3 194 52.7 24.19 2.18
measurement)  Roasted B1-4 41.4 435 36.73 1.18
peanuts B1-64.1 233 233 22.99 1.01
991.45 ELISA peanuts B1-9 30.3 37.2 32,51 1.14
(Absorbance butter B1-30 14.5 32.8 34.54 0.95
measurement)  Roasted B1-90 21.4 28.5 22.63 1.26
peanuts
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U 120DON,NIVOOOOOO
Comparison of various categories of methods for the determination of DON/NIV

Scope of Sensitivity  Quantitativity Mobile Safety Cost Time/
application Limit /ldentification phase Automation
TLC 1stD O 0 ppm o/0 Organic 0 O 0/0
derivatives
HPLC Reversed d o ppm O/o Water/Or ad o 0/0
LC/MS d O ppb o/0 Water/Or ad ad 0/0
GC o O ppb o /o Gas O o o7s0
derivatives
GC/MS o O ppb o /0O Gas O O o/s0
derivatives
ELISA o O ppb o /0 ad o 0/0

0 O very good, o [0 good, O O fair
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OBOOO0O FsariumdOO00O00O00O0OOOOOOO
The contents and frequencies of Fusarium mycotoxins in cereals from 21 countries

c | No. of Mean in positives, ng/g (% of positives)
erea’s sample Nivalenol Deoxynivalenol Zearalenone
Wheat O (222) 118 (50) 438 ( 43) 25 (32
Barley O (139) 390 (76) 145 ( 75) 33 (79
Corn 0 ( 45) 905 17) 682 (22 184 ( 59)
Oat 0 ( 26) 301 (35) 113 (31) 22 ( 50)
Rye O( 34) 41 (38) 161 (41) 100 (9
Sorghum O ( 11) 91 (9 0 ( 0 8 (11)
Rice o¢ 9 22 (22) 0 ( 0 0 ( 0
Soybean a( 3) 0 (0 0 ( 0 0 ( 0
Others 0( 18) 3 ( 6) 135 (44) 6 (34
O
Total (527) 255 (51) 284 ( 47) 46 ( 45)
Scabby 0 ( 18)*1 205 (38) 3812 (100) 189 (100)
Wheat 0 ( 49)*2 41 (91) 2819  (100) 27 (100)
0 ( 10)*3 23 (40) 1257 ( 90) 9 ( 90)

*1 : Harvested in Hokkaido, Japan *2 : Harvested in China *3 : Harvested in Canada
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0oooog  0OppbO Oppbd O0O00O0O0 0Oppbd 0 ppbO
oooo 36 388 0-2248 36 8.2 0-27
(33, 92%) (34, 94%)
oooo 20 100 0-740 20 1.3 0-7
(15, 75%) (9, 45%)
oooo 3 9 2-20 3 3.7 0-6
(3, 100%) (2, 67%)
oooo 22 6 0-46 22 15 0-110
(27, 77%) (22, 100%)
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