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Fumonisins

F. verticillioides, F.
proliferatum

Worldwide

HO
m FB1: R1 = OH, R2 = OH contaminants of corn
O 6P oH FB2: R1 = OH, R2 = H

FB3: R1 = H, R2 = OH and corn-based
products.

Toxicity: Carcinogenic, hepatotoxic and nephrotoxic

FB1: IARC class 2B carcinogen (possible human carcinogen).

Legislation: Regulation EC No. 1126/2007 of 28 september 2007
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Fumonisins: effect of processing

Degradation at T > 100°C.

Contamination levels are higher in whole grain then in highly
processed corn products: flakes, chips, etc.

Heat-treated or heat- plus alkali-treated products: partial
hydrolysis to HFBs

19 ¢!
HO H OH

CH, CH, OH NH,

H H OH
HFB1
CH, OH CH, OH NH,
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Fumonisins: analytical problems

Poor recoveries, specially in heat treated products, lead +to
underestimation of the real contamination.

Possible binding to the food matrix?

Shier et al., J. Nat. Toxins, 1997, 6, 225-242

Addition of radioactive labelled FB1 to maize flour and oven cooking.
Only 37% of the radioactivity recovered by routine analytical methods

Another 467 closely associated with the protein fraction.

Hidden or bound fumonisins
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Fumonisins: the paradox

Shier W T, J. Toxicol. - Toxin Reviews, 2000, 19, 161-187

Although FB1 shows low bioavailability, toxic effects are evident
also after ingestion of foods apparently poorly or not contaminated.

Hidden fumonisins: analytical approach

Park et al. Food Add. & Contam., 2004, 21 (12), 1168-1178

Extraction with SDS.
Alkaline hydrolysis.
Detection of released HFBI.
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Hidden fumonisins: covalent binding?

HO H OH

CH,

Hom CH, OH NH,
(@) OH
Proteins Starch
AT
fo) OH (o) OH

E_(CHZ)“_ﬂ o

Pr'o:fein YH-
Alkaline
Seefelder et al., J. Agric. Food Chem. 2003, 51, 5567-5573 hydrolysis/

By heating, F astes 7Py ' <a-D-glucose and protected

. - CH H H NH .
lysine and cysteine, as modet compaends for starch and proteins.
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Hidden fumonisins: our approach

Sample -
"Traditional” . % Hydrolysis
approach /° \ approach
- . ‘ Alkaline hydrolysis
Extraction: H,O:CH;0H (30:70, v/v) (KOH 2 N, 25°C, 60 min)
LC-ESI-MS/MS Extraction with CH;CN
FREE FUMONISINS LC-ESI-MS/MS
TOTAL FUMONISINS
(as HFBs)

HIDDEN FUMONISINS = TOTAL - FREE

Dall'Asta, Galaverna, Mangia, Sforza, Dossena, Marchelli, Mo/. Nutr. Food Res. 2009, 53, 492
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Free and hidden fumonisins in corn-flakes

‘ 5 —4} .‘{_: .’. ". p A‘:‘}'ﬂ:’,_ "l .I

Dall'Asta, Galaverna, Mangia, Sforza, Dossena, Marchelli, Mo/. Nutr. Food Res. 2009, 53, 492

Mercanti Sm (Mn, 2x3) 2: MRM of 3 Channels ES+
100~ TIC

| 3.98e5
Area

Free FB1 (120 pg/kg)

L%

18.12
116951

250 500 750 1000 1250 1500 17.50 20.00 2250 2500 2750 3000 3250 3500 37.50  40.00

o, FREE FUMONISINS

Free HFB1 (120 pg/kg)

13.36
46585

R L B I L B L B L B B B I B B R I U S I S R B R R e e e w1115
2.50 5.00 7.50 10.00 12.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50 35.00 37.50 40.00

2° Int. MoniQA Conf. - 8-10 June 2010 - Krakow - Poland




Free and hidden fumonisins in maize products

Dall'Asta, Galaverna, Mangia, Sforza, Dossena, Marchelli, Mo/. Nutr. Food Res. 2009, 53, 492

concentration pg/Kg

JFree FBs g Hidden FBs

Hidden forms in comparable amount with free forms.
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Hidden fumonisins in raw maize
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The presence of hidden fumonisins in raw maize cannot be ascribed
to thermal treatment.
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Hidden fumonisins: where?
i
Starch Proteins

7

Other components
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Alkaline hydrolysis of Osborne fractions of maize proteins

Dall'Asta, Galaverna, Aureli, Dossena, Marchelli World Mycotoxin Journal, 2008, 1(3), 1-10.

TIC
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Hidden fumonisins are mainly associated with prolamins (maize zeins).
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Hidden fumonisins: which kind of interaction?

Structural characterization of a-Zein
F.A. Momany et al., J. Agric. Food Chem. 54 (2006) 543-547.

N-terminal Hellx 123 Helix 455 Helix 789

A b
Lutai 2 Lutdind «

Lulsin 1

Prolamins (zeins) are able to bind/complex different kind of
molecules (xanthophilles, fatty acids).

Physical entrapment/complexation into the protein bodies?
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Which kind of evidences?
Which kind of implications?

RN

Analytical Potential risk
problems? for consumers?
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Poor consistency between different methods

3500 5 Extraction solvents:

3000 H.,O/MeOH for method 1,2 and 5
H,0/CH;CN/acetic acid for method 3
2500 4 H,O/CHsCN for method 4 OLC-MS/MS 1
2000 - W LC-MS/MS 2
FBs [ LC-MS/MS 3
(ng/kg) 1500 + ~ O LC-FLD
1000 - B ELISA
500 - 1
O | | | W - |
A B C D E

Maize samples

Dall’'Asta, Mangia, Berthiller, Molinelli, Sulyok, Schuhmacher, Krska, Galaverna, Dossena,
Marchelli, Anal. Bioanal. Chem., 2009, 395, 1335-1345
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Hidden fumonisins in the extract?

Sample

{

Extraction: H,O:CH;0H (30:70, v/v)

"Traditional” o % Hydrolysis
s / \ approach
LC-ESI-MS/MS Alkaline hydrolysis
(KOH 2 N, 25°C, 60 min)
FREE FUMONISINS Extraction with CH;CN

in the extract

LC-ESI-MS/MS

TOTAL FUMONISINS
(as HFBs)
in the extract

Dall'Asta, Mangia, Berthiller, Molinelli, Sulyok, Schuhmacher, Krska, Galaverna, Dossena,
Marchelli, Anal. Bioanal. Chem., 2009, 395, 1335-1345
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Hidden fumonisins in the extract

Total FBs

3500.00+ in the extract

3000.001  (EEEESSER TotalFBs | [F
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mexiractable FBs Ototal FBs in the extract @ total FBs in the sample

A certain amount of hidden fumonisins are already present in the
extract, closely associated with the protein fraction.

Dall'Asta, Mangia, Berthiller, Molinelli, Sulyok, Schuhmacher, Krska, Galaverna, Dossena,
Marchelli, Anal. Bioanal. Chem., 2009, 395, 1335-1345
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Chymotriptic digestion of the protein fraction

Extraction of the prolamin
fraction (EtOH/H,0 = 70:30)

Analysis of free FBs gy

HO H OH
H, H, OH NH,

Analysis of free FBs ™y

after digestion

L = «& g Chymotripsin
] o)
m& g“& -~ 8 h,37°C
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In vitro digestion mode/

2 g food matrix of interest

jf Y
@ 3 ml saliva — pH=6.8
----------------------------- 5 min
Y
/_J 6 ml gastric juice [— pH=2-3
, \ ....................... 2

| Q./ \ ¥
6 ml duodenal juice | pH=65-7

+ 3 ml bile + 1 ml HCO;"

Centrifugation

|
) Chyme > Analysis
( (+ digested matrix)
Versantvoort et al. BiOGCCZSSibi“‘l‘y
Food and Chem. Tox. .. ‘

43 (2005) 31-40 of contaminant

2° Int. MoniQA Conf. - 8-10 June 2010 - Krakow - Poland



Free and hidden FBs in raw maize samples

Dall’'Asta, Mangia, Berthiller, Molinelli, Sulyok, Schuhmacher, Krska, Galaverna, Dossena,

Marchelli, Anal. Bioanal. Chem., 2009, 395, 1335-1345
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/
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The amount of detectable FBs upon digestion is almost double that
of free FBs determined with standard protocoll!l
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Digestion protocol applied to raw maize samples: a survey
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Maize samples

B Free fumonisins @ Fumonisins after digestion

A survey on different raw maize samples confirmed the observed

general trend: occurrence of hidden fumonisins.
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A survey of maize products
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2500,00 A
2000,00 A
1500,00 -
1000,00 -

500,00 -
0.00 - M |

Hg/kg

P % U 09 & & 6 v ¥ L 9 v & N A » % o

AN SRS S SN S S S &< 6 & P & b P &
<<\6*0 Q\Slp Q\&{p <<\6*® Q\&{p Q\&Q’ <<\3*® & qF o ¥
QO O QO Q (V2 (3

maize products

H Free fumonisins B Fumonisins af ter digestion

A similar situation is also observed in
different maize products.
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Nature of the
matrix-
component
interactions?

Fate of free
fumonisins and
their hidden
forms during
processing?

Conclusions and perspectives

—
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Toxicity and
bioavailability
of hidden
forms?

Effects upon:
Stakeholders
Regulators
Exposure data
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