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FOOD CHEMICAL CONTAMINANTS

Determination of Fumonisins B and B2 in Corn and Corn Flakes
by Liquid Chromatography with Immunoaffinity Column

Cleanup: Collaborative Study
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A liquid chromatographic (LC) method for the de-
termination of fumonisins B 1 (FB1) and B2 (FB>) in
corn and corn flakes was collaboratively studied

by 23 laboratories, which analyzed 5 blind dupli-

cate pairs of each matrix to establish the accuracy,
repeatability, and reproducibility characteristics of

the method. Fumonisin levels in the corn ranged

from <0.05 (blank) to 1.41 png/g for FB 1 and from
<0.05 to 0.56 ug/g for FB 2, whereas in the corn
flakes they ranged from <0.05t0 1.05 pg/g for FB 1
and from <0.05 to 0.46 ng/g for FB ». The method in-
volved double extraction with acetonitrile—metha-
nol-water (25 + 25 + 50), cleanup through an
immunoaffinity column, and LC determination of

the fumonisins after derivatization with
o-phthaldialdehyde. Relative standard deviations

for the within-laboratory repeatability (RSD ) of the
corn analyses ranged from 19 to 24 % for FB 1 and
from 19 to 27 % for FB »; for the corn flakes analy-
ses, RSD, ranged from 9 to 21 % for FB 1 and from 8
to 22% for FB ». Relative standard deviations for

the between-laboratories reproducibility (RSD  R) of
the corn analyses ranged from 22t0 28 % for FB 1
and from 22 to 30 % for the FB »; for corn flakes
analyses, RSD r ranged from 27 to 32 % for FB 1 and
from 26 to 35 % for FB . Mean recoveries of FB 1
and FB , from corn spiked with FB 1 at 0.80 pg/g
and with FB , at 0.40 ug/g were 76 and 72 %, re-
spectively; for corn flakes spiked at the same lev-
els recoveries were 110 and 97 % for FB 1 and FB »,
respectively. HORRAT ratios for the analyses of
corn ranged from 1.44 to 1.53 for FB 1 and from
0.96 to 1.48 for FB 2, whereas for corn flakes they
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ranged from 1.60 to 1.82 for FB 1 and from 1.39 to
1.68 for FB ».

uced mainly by Fusarium verticillioides

(= F. moniliformeSheld) and~. proliferatumthat are
frequently found as natural contaminants in corn and
corn-based products worldwide (1, 2). f£8an cause acute
mycotoxicoses in farm animals such as equine
leukoencephalomalacia (3, 4) and pig pulmonary edema (5),
and hypercholesterolemia and a number of immunological al-
terations in several animal species (6). It has been demon-
strated to cause renal toxicity at low exposure rates in several
animal species and is hepatotoxic in all animal species tested
to date (6). Recently, FBhas been shown to induce renal tu-
bule neoplasms and hepatocellular neoplasms in male rats and
female mice, respectively (7). A possible association between
human esophageal cancer and the consumption of corn with
high levels of fumonisins in South Africa has been sug-
gested (8), although at present no definitive conclusion can be
made about cancer causation in humans.

The determination of fumonisins in corn-based food prod-
ucts is a challenge because most of the available methods for
the analysis of corn do not perform well when applied to pro-
cessed foods. Analytical problems in terms of low recoveries
and insufficient cleanup were experienced by several labora-
tories when the official AOAC INTERNATIONAL method
for the determination of fumonisins in corn (AOAC Method
995.15 9) was applied to the analysis of corn-based food
products such as corn flakes, infant formula, muffins, mixed
cereals, tortillas, and extruded products (10-13). In particular,
the very low recoveries of fumonisins from corn flakes
(5-40%) and the high variability of results experienced by our
laboratory and other investigators with the AOAC method
could explain the fact that significant levels of fumonisins are
rarely found in corn flakes. As part of a project supported by
the European Commission—Standards Measurements and
Testing Programme (SMT), several factors (type and volume

Fmonisins B (FBy) and B, (FB,) are mycotoxins pro-
d
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of extraction solvent, test portion size, extraction mode, ané0.05ug/g; blank corn flakes (12 kg) were prepared by grind-
cleanup) that may affect analytical performance were testehg commercial product containing B FB, at <0.05ug/g.
(13), and a widely applicable method based onBlanks were analyzed by using the method under study. For
immunoaffinity column cleanup and liquid chromatographicboth corn and corn flakes this level of contamination
(LC) analysis was developed in our laboratory for the determi(fumonisins [B + B,] at <0.05ug/g) was assumed to be ac-
nation of FB and FB in corn, corn flakes, extruded corn, ceptable for blank materials because of the low detection limit
muffins, and infant formula (14). As part of the same SMT (0.03pg/g, defined as a signal-to-noise ratio of 3) and the dif-
project a collaborative study was performed, with the particificulty in finding fumonisin-free blank materials.
pation of 23 laboratories, aimed at the validation of this  contaminated corn containing the 3 levels of fumonisins
m_ethod for the_ analysis of corn and corn flgkes. The res_ults o(fG kg each) were prepared by appropriately mixing and grind-
this collaborative study are reported herein together with th@ng naturally contaminated corn. Contaminated corn flakes
necessary information relevant to preparation of the mate”al%ontaining the 3 levels of fumonisins (6 kg each) were prepared
protocol of analysis, and statistical analysis of the results. by grinding and mixing small amounts of naturally contami-
nated corn (FB+ FB, at 65u9/g) with commercial corn flakes.

Spiked test samples of corn and corn flakes were prepareg

o ) _ as follows: 500 g ground blank material was spiked With§
The objective of this study was to determine the accuracyy > 1 solution containing FBat 400 ug/mL and FB at

repeatability, and reproducibility characteristics of a new LCZOOug/mL in acetonitrile—water (50 + 50, V/v). After the sol- g

method with an immunoaffinity column (14) for the determi- ot \yas allowed to evaporate overnight, the spiked material§
nation of fumonisins FBand FB atug/g levels in corn and o6 ground in a mortar and pestle to break up the lumps?
corn flakes by analyses of naturally contaminated and splkegach material was blended consecutively with 500, 1000?\3
samples of corn and corn fI_akes. _ 2000, and 2000 g blank material to obtain 6000 g spiked corr

The method is quantitative and applicable to the determl-amd 6000 g spiked corn flakes. Each laboratory sample wag-

nation of FB and FB, at levels that can occur in commer- . o0 in aluminium foil sachets and stored at€0ntil the 2
cially available corn and corn-based food products. Althoug nalyses were performed for the homogeneity study ®
" (o]

3

the validation was performed only on corn and corn flakes, Ten corntest samples. individually marked from “Corn 1 to
in-house experiments indicated that the method is also applj; N pies, y o 3
Corn 10,” and 10 corn flakes test samples, |nd|V|duaIIyg

cable to infant formula, muffins, and extruded corn (14). The ked from “Com flakes 1” to “Corn flakes 10.” fing &
proposed method was submitted to 24 participating laboratda'2T<€d from "Lorn flakes 1 1o “L.orn flakes 19," representing g
blind duplicate pairs for each matrix, were sent to participat-S

ries, accompanied by 10 blind duplicate pairs of corn and con?

flakes test samples (5 pairs per matrix), 2 practice samples (ﬁ?g Iaporatorles. ]—WO practice samples- qf corn, each marke(?g
corn, 1 ampule of fumonisins standard solution, 22 practice sample,” were also sent to participants for them to be<

immunoaffinity columns, and report sheets. Participants wer&0Me familiar with the method. .Pammpants were askedto ver§
@/ that the results from analysis of the practice sample weres

instructed on how to store the test samples until analysis an ithin th 0.5-100/a for F 40.2-0 4u/a for F 2
how to proceed with the exercise. Participants were also askeythin the range 0. #g/g for FB, and 0.2-0.4ug/g for FB,. ]

to send the coordinator copies of chromatograms togethép the ﬁase ofgyt-of-rangﬁ reshults, pamcm;ants Werelgs;(e?l oIk
with the report sheet. orm the coordinator so that the source of error could be foundz

moq

Collaborative Study

} P

9

The collaborative study of each matrix included blind du- Pefore they proceedgd with the exercise. . @
plicates of 1 blank material (fumonisins {B+ B,] at For the homogeneity study, 10 sachets of each material Wer§
<0.05pg/g), 1 spiked material (FBat 0.80pg/g and FB at  taken at regular intervals from the filling sequence, and dupli-2

0.40pg/g), and 3 naturally contaminated materials, each wittFate determinations of Rind FB per sachet were performed 2

adifferent fumonisins content. In particular, on the basis of thét the Study Director's laboratory, by using the method to be5
results (not corrected for recoveries) of the homogeneity stud{ested in the collaborative study. When the in-house repeatabif
for the testing materialséebelow), the 3 naturally contami- Ity of the analytical procedure used (<20%) was taken into ac
nated corn materials had the following levels of fumonisinscount, it was concluded that each of the tested materials was ac-
(not corrected for recoveries): (A) FBt0.39ug/g and FBat  ceptably homogeneous. No significant drift of the,d FB
0.07ug/g; (B) FB, at 0.88ug/g FB, and FB at 0.23ug/g; and  levels as a result of the filling sequence was detected for any of
(C) FB, at 1.41ug/g and FB at 0.531g/g; the 3 contaminated the contaminated materials.

materials of corn flakes (commercial corn flakes mixed with

naturally contaminated corn) had the following concentra- AOAC Official Method 2001.04
tions of fumonisins (not corrected for recoveries): (A),FB Determination of Fumonisins B, and B,
0.38ug/g and FB at 0.15ug/g; (B) FB, at 0.66ug/g and FB in Corn and Corn Flakes

at 0.28ug/g; and (C) FB at 1.13ug/g and FB at 0.47ug/g. Liquid Chromatography with Immunoaffinity Column Cleanup
First Action 2001

Test Materials
[Applicable to determination of fumonisins, BFB,) and

Blank corn (12 kg) was prepared by grinding (<1 mm parti- B, (FB,) in corn at total levels from 0.5 to2g/g and in corn
cle size) and mixing corn containing fumonisinsg (BB,) at  flakes at total levels from 0.5 to 1159/g.]
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Cautionn Fumonisins are nephrotoxic, hepatotoxic, and (i) Acetonitrile—water.-50 + 50, v/v.
carcinogenic to rats and mice; effects on humans  (j) Phosphate-buffered saline (PBS)Dissolve 8.0 g
are not fully known. Wear protective gloves to re- NaCl, 1.2 g anhydrous NEPQ,, 0.2 g KH,PO,, and 0.2 g
duce skin contact with extracts. Laboratory spills KCI in approximately 990 mL water. Adjust pH to 7.0 with
should be cleaned up by washing with a 5% dilu- 2M HCI, and dilute to 1 L. Phosphate-buffered saline tablets
tion of commercial bleach (sodium hypochlorite) can also be used.
followed by water. (k) Immunoaffinity columns=Specific for fumonisin
cleanup with 100% cross reactivity for both F&hd FB. The
See Tables 2001.04A and B for the results of the column must have a total capacity 10 pg fumonisins B
interlaboratory study supporting acceptance of the method. and B, and should give a recovery eB0% when a calibrant
solution of fumonisins Band B, in methanol-PBS containing
5ug fumonisins is applied. Follow the manufacturer’s instruc-
Fumonisins are extracted from corn and corn flakes withtions for the type of column used. Fumonitéstrom VICAM
methanol-acetonitrile—water (25 + 25 + 50, v/v/v), the filtered (Watertown, MA) was found to be suitable.
extract is cleaned up by an immunoaffinity column, and the (I) LC mobile phase-Methanol-0.1M NakPO, (77 +
fumonisins are eluted with methanol. The eluate is evaporate@3, v/v), adjusted to pH 3.35 with4RO,. Filter mobile phase
justto dryness, and the residue is dissolved in acetonitrile—wahrough 0.45%m membrane, and pump at 1 mL/min flow rate.
ter (50 + 50, v/v) o-Phthaldialdehyde and 2-mercaptoethanolAdjust composition to conform with individual LC column
is added to form fluorescent fumonisin derivatives, which arecharacteristics.
analyzed by reversed-phase liquid chromatography (LC) with (m) OPA reagent—Dissolve 40 mg OPA in 1 mL metha-
fluorescence detection. nol, and dilute with 5 mL 0.1M N#,0; solution. Add 5QuL
MCE and mix. Store in the dark for up to 1 week at room tem-

A. Principle

B. Reagents ) X
perature in a capped amber vial.
(a) Methanol—LC grade, or equivalent. (n) Fumonisins B and B,.—Crystalline form, purity of
(b) Acetonitrile—LC grade, or equivalent. >95% (PROMEC, Medical Research Council, PO Box 19070,
(c) o-Phthaldialdehyde (OPA}-CAS 643-79-8. Tygerberg, 7505, South Africa, +27-21-938-0290).
(d) 2-Mercaptoethanol (MCE}-CAS 60-24-2. (0) Fumonisin stock solution for L&Prepare calibrant
(¢) Sodium dihydrogen phosphate solutie#.1M. Dis-  solution containing fumonisins;Band B, in acetonitrile—~wa-
solve 15.6 g NakPQ,-2H,0 in water and dilute to 1 L. ter (50 + 50, v/v) at concentration of 1Q@/mL for FB; and
(f) Sodium tetraborate solution-0.1M. Dissolve 3.8 g 50ug/mL for FB,. Fumonisin calibrant solution is stable up to
Na,B,0,[10H,0 in water and dilute to 100 mL. 6 months when stored at°@. Pipet 500uL fumonisin
(9) Hydrochloric acid—2M. Dilute HCI (12M) 1 + 5  calibrant solution into 5 mL calibrated volumetric flask. Di-
with water. lute to volume with acetonitrile—water (50 + 50, v/v), and
(h) Extraction  solvent—Acetonitrile—methanol-water shake well to obtain stock solution containing;B10 ngjiL
(25 + 25 + 50, VIVIV). and FB at 5 ng{iL.
Table 2001.04A. Interlaboratory study results for the determination of fumonisins B 1 and B2 in corn by liquid

chromatography with immunoaffinity column cleanup

Toxin Matrix, pg/g %, Mg/g No. of labs? S RSD,, % SR RSDg, % HORRAT  Recovery, %
FB, Blank (<0.05) 0.04 21(0) — — — — — —
Spiked (0.80) 0.65 21(0) 0.14 21.1 0.16 25.7 1.48 75.6
ncA (0.39 + 0.03)? 0.37 21(0) 0.09 24.2 0.10 28.2 151 —
ncB (0.88 + 0.04)” 0.78 20(1) 0.15 18.8 0.20 25.5 153 —
ncC (1.41 + 0.06)” 1.41 21(0) 0.28 20.0 0.31 21.9 1.44 —
FB, Blank (<0.05) 0.01 21(0) — — — — — —
Spiked (0.40) 0.30 21(0) 0.06 185 0.07 22.6 1.17 72.0
ncA (0.07 +0.01)° 0.09 17(4) 0.02 22.0 0.02 221 0.96 —
ncB (0.23 + 0.01)° 0.20 21(0) 0.05 26.8 0.06 29.7 1.46 —
ncC (0.53 + 0.02)° 0.56 21(0) 0.13 225 0.14 25.9 1.48 —

2 Number of laboratories retained after elimination of outliers; value in parentheses is number of laboratories removed as statistical outliers.

b nc = Naturally contaminated corn samples. Value in parentheses represents mean + 2 SEM (standard error of the mean) of
20 measurements (10 sachets in duplicate) performed for the homogeneity study.
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Table 2001.04B. Interlaboratory study results for the determination of fumonisins B 1 and B2 in corn flakes by liquid

chromatography with immunoaffinity column cleanup

Toxin Matrix, pg/g %, nglg No. of labs? Sy RSD,, % Sk RSDg, % HORRAT  Recovery, %
FB; Blank (<0.05) 0.04 21(0) — — — — — —
Spiked (0.80) 0.92 20(1) 0.09 9.2 0.27 29.5 1.82 110.0
A (0.38 £0.01)° 0.32 20(1) 0.07 20.6 0.10 31.8 1.68 —
B (0.66 + 0.03)” 0.57 21(0) 0.09 15.0 0.16 27.8 1.60 —
C(1.13 £0.04)" 1.05 21(0) 0.12 11.1 0.29 27.4 1.73 —
FB, Blank (<0.05) 0.01 21(0) — — — — — —
Spiked (0.40) 0.39 20(1) 0.03 7.7 0.12 30.9 1.68 97.0
A (0.15 +0.01)° 0.13 21(0) 0.03 21.7 0.04 34.8 1.60 —
B (0.28 + 0.01)” 0.24 21(0) 0.04 14.6 0.07 275 1.39 —
C (0.47 £ 0.02)° 0.46 21(0) 0.05 10.4 0.12 26.1 1.45 —

2 Number of laboratories retained after elimination of outliers; value in parentheses is number of laboratories removed as statistical outliers.

b Contaminated corn flakes samples obtained by spiking ground corn flakes with minimal amounts (0.8-3.0%) of ground contaminated corn
powder. Value in parentheses represents mean + 2 SEM (standard error of the mean) of 20 measurements (10 sachets in duplicate)

performed for the homogeneity study.

(p) Fumonisin working calibrant solutions for L&-Pre-

o-olwapeoe//:sdyy Woll papeojumo(

(i) LC column—Stainless steel (1504.6 mm id), packed

pare 4 LC calibrant solutions in separate 5 mL volumetricwith 5 um C18 deactivated reversed-phase material, preceded

flasks according to Tabl2001.04C Dilute contents of each
flask to volume (5 mL) with acetonitrile—water (50 + 50, v/v).

C. Apparatus

(a) Centrifuge bottle—Plastic, 250 mL, with screw cap.

(b) Centrifuge—Capable of up to 2508 g.

(c) Filter papers—Whatman No. 4, 12 cm.

(d) Glass microfiber filters—Whatman GF/A, 9 cm.

(e) Reservoi—25 mL with Luer-tip connector for
immunoaffinity column.

(f) Calibrated microliter syringe or microliter
pipet—25-1000uL.

(g) Vacuum manifold—To accommodate immunoaffinity
columns.

(h) Liquid chromatograph—LC pump delivering

1 mL/min constant flow rate and with injection system cali- vent, B(h), to centrifuge bottle and shaking bottle for 20 min.

brated to deliver 2QuL; and data system.

Table 2001.04C. Preparation of working calibrant solutions

by corresponding reversed-phase guard column or guard filteg
(0.5 um porosity; Rheodyne, L.P., PO Box 1909, Rohnerts
Park, CA 94927-1909, USA, +1-707-588-2000).

(j) Fluorescence detecterFitted with flow cell and set
at 335 nm (excitation) and 440 nm (emission).

D. Extraction
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ing test portion. Weigh, to nearest 0.1 g, 20 g test portion o@
corn or corn flakes into 250 mL centrifuge bottle, and add$;
50 mL extraction solvenB(h). Cover centrifuge bottle, and

shake bottle for 20 min with orbital shaker. Centrifuge for
10 min at 2500« g, and filter supernatant through filter paper,
C(c), avoiding transfer of solid material on filter. Again ex-
tract remaining solid material by adding 50 mL extraction sol- _

9l uojsanb Aq |

Centrifuge for 10 min at 2508 g, and filter extract through the

220z 1snbny

Final fumonisin concentration of working calibrant solution

and OPA-derivatized solution, ng/uL

FBy FB,
Volume of stock
Working calibrant solution  solution taken, pL Working solution Derivatized solution Working solution Derivatized solution
1 25 0.05 0.025 0.025 0.0125
2 125 0.25 0.125 0.125 0.0625
3 500 1.00 0.500 0.50 0.250
4 2000 4.00 2.00 2.00 1.000
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same filter paper. Collect and combine the 2 filtrates, and pipe¥g is mass of matrix (in mg) injected on column (20 mg), ob-
10 mL filtrate into 100 mL flask. Add 40 mL PBR(j), and tained as follows:

mix well. Filter diluted extract through microfiber filteG(d),
and collect 10 mL filtrate (equivalent to 0.4 g test portion) for
cleanup through immunoaffinity column.

20 g (Extraction step)< 10 mL (dilution)

x10 mL (purified aliquot
100 mL 50 mL U quoy)

E. Immunoaffinity Column Cleanup ><1 (reconstitution volumez< 0.05 mL (derivatzation)
0.2mL 0.1mL

Follow manufacturer’s instructions for the type of column
used. Remove top cap from column, and connect column with
reservoir. Remove end cap from column and attach column to
vacuum manifold. Pipet 10 mL filtrate into reservoir. Let fil- and ]_03 is factor to convert M and M from ng topug and
trate flow through column at ca 1-2 drops/s and discard eluatérom mg to g, respectively.

Wash column with 10 mL PBS(j), at rate of 1-2 drops/s un- Ref.:J. AOAC Int 84, 1829-1832(2001)
til air comes through column. Place 4 mL vial under column.

Elute fumonisins with 1.5 mL LC grade methanol at 1 drop/s,Resuits and Discussion

and collect fumonisins in vial. Evaporate eluate just to dryness

under stream of N at ca 60. Retain dried residue at ca@ Results were received from 23 of 24 participating laboratories
for derivatization and LC analysis. (Laboratory 17 did not perform the exercise). All participants ex-
F. Calibration Curve cept Laboratory 12 analyzed the practice sample. Only Labora-
tory 11 reported an FRcontent of 1.Qug/g in the practice sam-
Prepare calibration curves, using working calibrant soluple; nevertheless, it provided good results in the collaborative
tions, B(p). These solutions cover the range of stydy. Laboratory 16 did notreport results for the practice sample
0.025-2.00Qug/g for FB, and the range 0f 0.0125-1.000/9  pecause the chromatograms did not allow the identification and
for FB,. Prepare calibration curves, before LC analysis, acquantification of FB; however, Laboratory 16 was authorized by
cording to Table2001.04C and check plots for linearity. If  the coordinator to proceed with the collaborative study and was
curve is not linear, repeat derivatization following instructions gpje to complete the study successfully.
carefully and/or reduce the range of the calibrants. Al results are reported in Tables 1—4 for F&nd FB in
corn and corn flakes, respectively. Data reported by 2 partici-
pants were not included in the statistical evaluation of the re-
Redissolve purified residue in 2Q. acetonitrile-water  sults of the collaborative study because they were judged in-
(50 + 50, v/v) B(i). Transfer 5QUL aliquots of extract or stan-  valid. In particular, the data of Laboratory 3 were rejected
dards to bottom of 1 mL test tube, and adq&PA reagent, because of a suspected possible mislabeling or exchange of
B(m). Mix solution for 30 s with vortex mixer, and inject code numbers between the blank and 1 of the contaminated
20 pL derivatized solution (equivalent to 20 mg matrix) into samples for both corn flakes and corn (this conclusion was
LC system exactly 3 min after adding OPA reagent. With thereached by the coordinator after thorough examination of the
described LC mobile phasB(l), and column((i), satisfac-  chromatograms, which showed no fumonisins in some con-
tory (baseline) resolution of RBOPA and FB-OPAmustbe  taminated samples and high levels of fumonisins in blank
obtained, with expected retention times at ca 6 and 15 min, re&samples). The data of Laboratory 4 were rejected because of
spectively. If fumonisin content of derivatized extract is an apparent systematic error, giving rise to consistently higher
higher than calibration range, dilute purified extract with values, ca 50% higher than the average results of participants,
acetonitrile~water (50 + 50, v/VB(i), derivatize with OPA  for all measurements except the blank. Because the
reagent, and repeat LC analysis. chromatograms were well defined without apparent signs of
possible interfering peaks, a possible error in the preparation
of the fumonisin stock solution for L&(0), with consequent
Quantify FB, and FB, by measuring peak area (or peak error in the preparation of the standard calibration curve, was
height) at retention time of each fumonisin and comparingenvisaged by the coordinator.
measured value with corresponding calibration curve. Results of the remaining 21 laboratories were subjected to
From calibration curves determine amounts of; Bid  statistical analyses for identification of outliers by the
FB, (in ng) in aliquot of test solution injected into LC column. Cochran and Grubbs tests to remove laboratories showing sig-
Separately calculate concentrationgd)®f FB; and FB,  nificantly greater variability among replicates and extreme av-

% 0.02 mL (injected aliquot)

G. Derivatization and LC Analysis

H. Quantification of Fumonisins B ; and B,

in micrograms per gramufy/g), as follows: erages, respectively. For corn, 5 pairs of data (1 pair fQriirB
naturally contaminated sample B and 4 pairs fop FBnatu-
Ceg=10° M, x 1 :ﬂ rally contaminated sample A) were eliminated either by the
10° M, 20 Cochran test and/or the Grubbs test. For corn flakes, 3 pairs of

data (2 pairs for FBin the spiked sample and contaminated
where M, is mass of FBor FB, (in ng) in aliquot of test solu-  sample A, and 1 pair for FEBn the spiked sample) were elimi-
tion injected on column, as determined from calibration curvenated by the Cochran test. Statistical analyses were performed
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with all remaining data, based on the AOAC harmonized0.13-0.46.9/g) in corn flakes materials ranged from 8 to 22%

guidelines (15). Statistical data from the analyses foy&®i  and from 26 to 35%, respectively.

FB, in corn and corn flakes are reported in Ta€91.04A The recovery, repeatability (RSP and reproducibility

andB, respectively. (RSDy) data for corn flakes were all within the criteria estab-
Mean recoveries of FEfrom spiked corn and corn flakes lished by the European Committee for Standardization (CEN)

were 76 and 110%, and the corresponding recoveries gf Fgor the acceptability of mycotoxin analyses in the absence of

were 72 and 97%, respectively. The repeatability ancfﬁ'c'al methods (16). These criteria with respect to

_— X I umonisins are: X) recoveries between 70 and 110%, RSD
reproducibility relative standard deviations (R2Dd RS[R) 0 0 . '
for the determination of FBin corn materials (spiked or natu- <20% and RSR <30% for FB, or P8, levels in the range

. . 0.5-5.0ug/g; and R) recoveries between 60 and 120%, RSD
rally contaminated in the range 0.37-1j4d/g) ranged from <30% and RSR <60% for FB, or FB, levels <0.5 pg/g. On

1910 24% and from 22 to 28%, respectively. RADARSR:  he pasis of these CEN criteria, the recoveries and

values for the determination of EBB(in the range reproducibility data for corn were also all acceptable, whereas
0.09-0.56u9/g) in corn materials ranged from 19 to 27% andonly 2 of 8 repeatability values for this matrix were slightly
from 22 to 30%, respectively. R$@nd RS for the deter-  higher than the 20% value established by CEN (i.e., 21%
mination of FB in corn flakes materials (spiked with standard the mean FBvalue of 0.65ug/g and 22% for the mean KB
or contaminated corn in the range 0.32-11Gfg) ranged value of 0.56ug/g).

from 9 to 21% and from 27 to 32%, respectively. R3id The acceptability of the performance characteristics of th

—
o
u

1} papeo|um

RSk values for the determination of BHin the range method was also assessed on the basis of the HORRAT values
©
@
Table 1. Results of the interlaboratory study for the determination of fumonisin B 1 (ug/g) in blind duplicates of §
spiked and naturally contaminated corn samples i‘%f
Practice Blank Spiked Naturally Naturally Naturally g'
Lab sample (<0.05 pg/g) (0.80 ng/g) contaminated A contaminated B contaminated C £
8
1 0.86 0.03 0.05 0.77 0.71 0.40 0.41 0.96 0.87 1.69 1.27 %
2 0.97 0.08 0.07 0.64 0.74 0.40 0.37 0.91 0.92 1.36 1.32 §
32 0.78 0.26 0.09 0.43 0.53 0.07 0.34 2.00 0.64 0.88 1.84 g
42 0.86 0 0.03 121 0.83 0.55 0.46 1.25 1.19 2.35 0.94 %
5 0.84 0 0 0.60 0.61 0.42 0.29 0.89 0.82 1.58 1.35 g
6 1.09 0.01 0 0.54 0.80 0.35 0.43 0.69 0.97 1.37 1.49 %
7 0.94 0.22 0.18 0.73 0.75 0.37 0.50 0.76" 1.79° 1.60 1.54 §
8 0.86 0.01 0.04 0.70 0.75 0.37 0.38 0.95 0.83 1.31 1.69 §
9 0.95 0 0.05 0.73 0.76 0.42 0.44 0.91 0.95 1.56 1.69 i
10 0.61 0 0.03 0.41 0.70 0.11 0.46 0.47 0.87 0.96 1.52 g
11 1.18 0.01 0.06 0.68 1.03 0.29 0.39 0.81 1.02 1.11 1.40 fé
12 —° 0.02 0.03 0.45 0.62 0.36 0.29 0.44 0.59 1.78 0.75 S
13 0.99 0.02 0.02 0.82 0.67 0.41 0.37 0.53 1.05 1.85 1.82 i
14 0.67 0.02 0.05 0.53 0.34 0.32 0.25 0.48 0.57 0.89 0.82 ¢§
15 0.87 0.06 0.05 0.67 0.76 0.41 0.47 1.00 1.06 1.47 1.64 ‘f—J
16 - 0.01 0 0.38 0.36 0.15 0.17 0.49 0.51 0.82 115 N
18 0.75 0 0 0.69 0.70 0.50 0.46 0.55 0.84 2.10 1.07
19 0.97 0.02 0.02 0.50 0.42 0.23 0.17 0.73 0.62 1.37 1.63
20 0.98 0.04 0.06 0.66 1.04 0.38 0.48 1.00 1.01 1.48 1.85
21 1.03 0.07 0.06 0.83 0.65 0.39 0.49 0.97 0.97 1.59 1.37
22 0.90 0.12 0.03 0.51 0.52 0.32 0.44 0.68 0.45 1.01 1.19
23 0.83 0.03 0.03 0.38 0.75 0.31 0.40 0.53 0.83 1.27 1.53
24 0.61 0.01 0.07 0.48 0.75 0.31 0.62 0.73 0.74 1.44 1.80

2 Data from Laboratories 3 and 4 were invalid because the laboratories were considered technical outliers.
Data rejected on the basis of the Cochran test.

¢ Sample was not analyzed.

Problems during analysis.
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(17), which compare the R{btained for a particular ma- tification (signal-to-noise ratio of 6) ranged from 0.004 to
trix with the RS, statistically predicted on the basis of col- 0.1pg/g for FB, and from 0.003 to 0.178g/g for FB,. Seven
laborative trials taken from the published literature. When thdaboratories (1, 2, 5, 8, 11, 15, and 18) diluted some corn and
outliers were excluded in the present collaborative study, theorn flakes extracts before OPA derivatization in order to
HORRAT values ranged from 1.44 to 1.53 for F&nd from  bring the FB and FB responses within the calibration range.
0.96 to 1.48 for FBin the corn materials, whereas for corn Laboratories 13 and 10 dissolved their final extracts in 1 and
flakes they ranged from 1.60 to 1.82 for F&nd from 1.39t0 2 mL, respectively, instead of 0.2 mL because their
1.68 for FB. These HORRAT values indicated that results ob-autosamplers needed larger volume for automatic injection.
tained for all spiked and naturally contaminated corn and coraboratory 12 used an additional point in the calibration curve
flakes materials were acceptable for method validation; ao analyze samples with high fumonisin concentrations. Some
HORRAT of <2 normally indicates acceptable precision. laboratories (1, 2, 5, 8, 16, and 18) found late-eluting compo-
nents or components that interfered with,F8me laborato-
ries solved the problem of late-eluting components by wash-
All participants found the method description clear anding the LC column with methanol after the elution of B
easy to follow. Participants reported limits of detection (sig-Laboratory 16 also analyzed all crude sample extracts (before
nal-to-noise ratio of 3) ranging from 0.002 to 0.02§/g for  immunoaffinity cleanup) by enzyme-linked immunosorbent
FB; and from 0.001 to 0.088g/g for FB,. The limits of quan-  assay (ELISA), obtaining results higher (2-5 times higher)

Collaborators’ Comments

Table 2. Results of the interlaboratory study for the determination of fumonisin B 2 (ng/g) in blind duplicates of
spiked and naturally contaminated corn samples

Practice Blank Spiked Naturally Naturally Naturally

Lab sample (<0.05 pg/g) (0.80 pg/g) contaminated A contaminated B contaminated C
0.22 0 0 0.34 0.32 0.13 0.10 0.24 0.21 0.63 0.50

2 0.28 0 0 0.28 0.34 0.12 0.10 0.21 0.22 0.61 0.53
32 0.20 0.08 0 0.32 0.27 0 0.10 0.83 0.19 0.18 0.74
42 0.32 0 0 0.51 0.35 0.10 0.13 0.26 0.25 0.94 0.39
5 0.21 0.02 0.02 0.26 0.27 0.10 0.07 0.23 0.23 0.65 0.51
6 0.28 0 0 0.26 0.40 0.08 0.09 0.17 0.22 0.55 0.56
7 0.19 0 0 0.29 0.30 0.15 0.08 0.15 0.08 0.31 0.30
8 0.21 0 0.01 0.31 0.34 0.07 0.09 0.23 0.21 0.50 0.64
9 0.22 0 0.01 0.32 0.34 0.09 0.09 0.22 0.25 0.62 0.62
10 0.17 0 0 0.23 0.32 0.02° 0.10° 0.12 0.23 0.39 0.64
11 0.40 0 0.01 0.30 0.40 0.06 0.08 0.22 0.24 0.45 0.50
12 —° 0 0.02 0.25 0.30 0.08 0.08 0.16 0.19 0.69 0.39
13 0.25 0 0 0.37 0.36 0.09 0.07 0.17 0.36 0.73 0.74
14 0.18 0 0 0.25 0.19 0.08 0.07 0.13 0.15 0.36 0.29
15 0.23 0.03 0.02 0.31 0.35 0.24¢ 0.11¢ 0.26 0.28 0.61 0.77
16 —e 0 0 0.17 0.17 0° 0.38" 0.14 0.14 0.36 0.45
18 0.25 0 0 0.29 0.28 0.11 0.09 0.07 0.25 0.91 0.46
19 0.29 0 0 0.23 0.17 0.08" 0.05 0.19 0.19 0.58 0.64
20 0.32 0.03 0.02 0.31 0.48 0.10 0.11 0.26 0.28 0.60 0.81
21 0.26 0.03 0.02 0.34 0.30 0.08 0.10 0.26 0.24 0.60 0.53
22 0.22 0.05 0.01 0.27 0.26 0.07 0.10 0.17 0.12 0.42 0.50
23 0.22 0 0 0.17 0.34 0.06 0.09 0.22 0.15 0.50 0.62
24 0.21 0.01 0.01 0.26 0.37 0.07 0.12 0.16 0.32 0.45 0.80

2 Data from Laboratories 3 and 4 were invalid because the laboratories were considered technical outliers.
b Data rejected on the basis of the Cochran test and the single Grubbs test.

¢ Sample was not analyzed.

4 Data rejected on the basis of the Cochran test.

¢ Problems during analysis.

Data rejected on the basis of the single Grubbs test.
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Table 3. Results of the interlaboratory study for the determination of fumonisin B 1 (ng/g) in blind duplicates of
spiked and contaminated corn flakes samples

Blank Spiked Naturally Naturally Naturally

Lab (< 0.05 pgl/g) (0.80 ug/g) contaminated A contaminated B contaminated C

0.05 0.06 1.00 0.97 0.40 0.37 0.60 0.53 0.9 1.09

2 0.05 0.07 0.89 0.96 0.37 0.31 0.51 0.56 0.96 0.93

3f 0.03 0.72 0.26 0.61 0.28 0.02 0.67 1.09 1.00 0.30

48 0.36 1.29 0.68 1.63 0.15 0 1.81 1.43 0.9 0.33

5 0.03 0.07 0.96 0.92 0.28 0.27 0.53 0.71 0.93 1.03

6 0 0 0.75” 1.48° 0.29 0.42 0.37 0.56 152 1.49

7 0.09 0.09 0.57 0.48 o’ 0.34° 0.54 0.61 1.00 0.67
8 0.03 0.03 0.92 1.16 0.25 0.31 0.49 0.48 0.87 0.93 ‘g
9 0.04 0.04 1.29 1.20 0.41 0.41 0.72 0.70 1.35 141 §
Q
10 0.04 0 0.85 1.02 0.26 0.47 0.68 0.74 1.55 151 Q
11 0.04 0.05 0.96 0.86 0.28 0.21 0.38 0.56 1.00 0.93 3
12 0.02 0.04 0.68 0.69 0.14 0.37 0.33 0.47 0.62 0.79 g
13 0.04 0.04 1.21 1.36 0.52 0.38 0.73 0.77 1.53 1.26 g
14 0.02 0.02 0.59 0.51 0.13 0.15 0.22 0.24 0.51 0.44 g
15 0.08 0.08 1.26 1.22 0.44 0.42 0.65 0.68 1.35 1.33 §
16 0.05 0 0.32 0.57 0.14 0.13 0.39 0.23 0.79 0.73 g
18 0 0 0.84 1.01 0.46 0.40 0.58 0.87 1.03 0.79 5
19 0.03 0.05 1.07 0.89 0.30 0.31 0.64 0.64 1.10 0.91 g
20 0.07 0.06 0.93 0.95 0.32 0.46 0.81 0.69 0.98 1.25 ?
21 0.06 0.06 1.09 1.07 0.42 0.34 0.70 0.64 1.18 1.17 §
22 0.04 0.04 1.32 1.39 0.40 0.35 0.56 0.65 1.15 1.37 c%
23 0.02 0.02 0.94 0.98 0.24 0.23 0.64 0.50 1.04 0.82 %
24 0.09 0.08 0.44 0.54 0.28 0.29 0.37 0.44 0.92 0.79 g
2 Data from Laboratories 3 and 4 were invalid because the laboratories were considered technical outliers. §
b Data rejected on the basis of the Cochran test. %
(&)
Ry
g
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longer extraction time to obtain acceptable fumonisin recoveryfinancial support of the European Comm|SS|on—Standards>
In this regard, a preliminary study for method development perMeasurements and Testing Programme, contract No. SMT%
formed with a ruggedness test according to a factorial desig@T97 2193.
within the same SMT-sponsored project (13) and additional ex- The authors are grateful to the following collaborators for ©
periments performed in the Study Director’s laboratory indi-their participation in the study:
cated that these factors (different solvent—matrix ratio and ex- E. Sizoo, National Institute of Public Health and the Envi-
traction times) had a minor or no effect on fumonisin recovery. ronmental Protection (RIVM), Bilthoven, The Netherlands
P. Wilson, Central Science Laboratory, York, UK
Recommendation C. von Holst, Joint Research Centre — ISPRA Institute for
Health and Consumer Protection, Ispra, Italy

It is recommended that the immunoaffinity column K. Meyer, Lehrstuhl fur Tierhygiene, Freising, Germany
cleanup method with reversed-phase LC determination and |. Felgueiras, Instituto Nacional de Engenharia e
fluorescence detection be adopted First Action by AOAC IN-Tecnologia Industrial, Lisboa, Portugal
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Table 4. Results of the interlaboratory study for the determination of fumonisin B 2 (ng/g) in blind duplicates of
spiked and contaminated corn flakes samples

Blank Spiked Naturally Naturally Naturally

Lab (< 0.05 pgl/g) (0.80 ug/g) contaminated A contaminated B contaminated C
0 0 0.45 0.40 0.14 0.13 0.24 0.21 0.39 0.45

0 0 0.38 0.41 0.14 0.12 0.22 0.23 0.41 0.38

3f 0 0.34 0.12 0.27 0.12 0 0.32 0.56 0.48 0.11
48 0.15 0.54 0.32 0.71 0 0 0.84 0.64 0.32 0.11
5 0.01 0.02 0.41 0.38 0.13 0.12 0.22 0.28 0.43 0.47
6 0 0 0.32° 0.62” 0.13 0.18 0.17 0.26 0.64 0.62
7 0 0.03 0.10 0.07 0.07 0 0.15 0.18 0.39 0.26
8 0.01 0 0.39 0.49 0.10 0.13 0.21 0.21 0.37 0.40
9 0 0 0.53 0.48 0.17 0.16 0.28 0.31 0.59 0.60
10 0 0 0.40 0.47 0.10 0.18 0.28 0.29 0.69 0.66
11 0 0 0.40 0.34 0.12 0.08 0.21 0.20 0.43 0.37
12 0.01 0.01 0.33 0.33 0.08 0.16 0.18 0.22 0.35 0.41
13 0 0 0.51 0.55 0.19 0.15 0.30 0.30 0.53 0.64
14 0 0 0.25 0.23 0.05 0.06 0.10 0.11 0.23 0.21
15 0.01 0.02 0.52 0.49 0.19 0.17 0.28 0.30 0.59 0.57
16 0 0 0.25 0.25 0.07 0.08 0.16 0.13 0.40 0.35
18 0 0 0.38 0.45 0.20 0.18 0.27 0.41 0.45 0.37
19 0 0 0.46 0.43 0.13 0.15 0.27 0.28 0.47 0.43
20 0.02 0.02 0.44 0.44 0.13 0.19 0.36 0.29 0.46 0.60
21 0 0 0.43 0.44 0.16 0.13 0.29 0.25 0.47 0.47
22 0 0 0.57 0.60 0.16 0.15 0.22 0.28 0.51 0.62
23 0 0 0.39 0.41 0.10 0.09 0.27 0.22 0.45 0.36
24 0.01 0.01 0.20 0.22 0.10 0.12 0.17 0.17 0.37 0.35

2 Data from Laboratories 3 and 4 were invalid because the laboratories were considered technical outliers.
b Data rejected on the basis of the Cochran test.
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