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Abstract & Introducti

Various food commodities are vulnerable to different types of fungal pathogens
and could be contaminated with differential classes of mycotoxins as a result. It
is ideally to implement a generic method for simultaneous determination of
multi-mycotoxins in different food matrices or agricultural products. In this
study, a simplified sample preparation procedure and a reliable LC-MS/MS
analytical method was developed for comprehensive measurement of 37
regulated and emerging mycotoxins including 5 Alternaria toxins, 6 major ergot
alkaloids and their corresponding epimers. Four different food matrices (baby
wheat cereal, peanut, tomato puree, and blended flour) were chosen for
method validation to demonstrate the applicability of this analytical method to
a wide range of food types. Sample extraction was performed using a formic
acid-acidified 80:20 acetonitrile: solution foll 1 by extract dry-down
and reconstitution in a 50:50 water:methanol solution for injection analysis on a
Biphenyl LC column. Chromatographic analysis was performed using MS-friendly
acidic mobile phases and completed with a short 11-minute cycling time for
proper separation of ergot alkaloid epimers. Method accuracy and precision was
evaluated by fortification of food samples at 3 different levels. Accurate
quantification was achieved using matrix-matched calibration standards at the
range of 0.4 to 400 pg/kg. The recoveries of all mycotoxins (except citrinin) in
fortified samples were from 70% to 120%, and the relative standard deviation
was less than 20%. The established workflow was simple and fast for multi-
mycotoxin determination with a unique benefit of simultaneous analysis of
Alternaria toxins and ergot alkaloids. Furthermore, a novel inert Biphenyl LC
column demonstrated the high degree of Non-Specific Binding (NSB) that occurs
between the column’s stainless-steel hardware and certain mycotoxins. The

Sample and Matrix-Matched Standards Preparation

Two grams of the sample were weighed into a 50-mL polypropylene centrifuge tube and fortified at 5, 50, and 200 ug/kg with stock standard solution. After sitting at
room temperature for 10 minutes, 16 mL of extraction solution containing 0.5% formic acid (no formic acid for tomato puree) were added and the tube was stirred to
gain homogenous suspension. The extraction was carried out by shaking horizontally on a digital pulse mixer (Glas-Col LLC, Terre Haute, IN) at 800 rpm for 20 minutes.
After centrifuging for 5 minutes at 4000 rpm, 1 mL of extract was evaporated to dryness at 45°C under a gentle stream of nitrogen. The dried extract was reconstituted
with 1 mL of 50:50 water:methanol solution and a 0.4 mL aliquot was transferred to and filtered using a Thomson SINGLE StEP filter vial with a 0.2 um PTFE filter
(Restek Cat.# 25874). To prepare matrix-matched calibration standards, the non-fortified matrices were extracted and dried down as described for the sample
preparation procedure followed by reconstitution in 50:50 water/methanol solution containing 0.05 — 50 ng/mL of analytes which equals to 0.4 — 400 ug/kg of sample
concentration.

Results & Discussion

(1) Chromatographic Performance: A fast chromatographic method using the Raptor Biphenyl column was established (see Table 1) for simultaneous analysis of 38
mycotoxins with a 11-minute total cycling time (Figure 1). Analytes were detected with ESI+ and the MRMs were shown in Table 2. All epimer pairs of ergot
Ikaloids were chrom phically separated for definitive and accurate quantification. It was noted that whenever a new Biphenyl column was used, it would
need to be rinsed and maintained under the mobile phase overnight to gain an acceptable and quantifiable peak shape for tenuazonic acid.
(2) Linearity: It was shown that a consistent and most suitable linearity of all analytes could be obtained with a quadratic regression (1/x weighted). The lowest
concentrated standards were varied due to the differential MS ionization of analytes and specific matrix effect of different food matrices. Nevertheless, most
analytes were quantifiable at the full range of 0.4 — 400 pg/kg and all compounds showed proper linearity with r2 >0.997 and deviations <30% (Table 3).
Accuracy & Precision: For each food sample, 3 batches of analyses were performed on different days with a total of 9 repetition of each fortified level. The average
recovery and relative standard deviation (RSD) were shown in Table 4. Except citrinin in solid samples, all analytes had the recovery of 72 — 112% of for 3
fortification levels among 4 different types of food matrices. The satisfactory method precision was demonstrated with the %RSD of within 0.5 — 12%. For solid
samples, the use of formic acid-containing extraction solution was necessary to obtain adequate recovery for fumonisin Bs but resulted in low recovery (24 — 36%)
of citrinin. For food with high water content such as tomato puree, acceptable recovery of both fumonisin Bs (90 — 94%) and citrinin (72 — 77%) were achievable
without the addition of formic acid. Due to specific matrix interference, nivalenol could not be measured in baby wheat cereal. The negative impact of matrix
interference could also be observed for deoxynivalenol, fusarenon X, and patulin for tomato puree analysis in which the 5 pg/kg fortification sample was not
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Chromatography

Non-Specific Binding (NSB) was leading to unstable signals, peak tailing, and low
sensitivity as the injections progressed for most of the mycotoxins; including
Fumonisins (Figure 2), Tenuazonic acid, Citrinin, Ochratoxin A, and Diacetoxycispernol.
NSB was attributed to the presence of active metal surfaces within the column’s
hardware and instrument.

H NSB is aggravated under low pH and low ionic
strength mobile phases, leading to irreproducible
chromatography. Analytes with acidic functional
groups or chelating moieties are particularly prone

to this surface metal interaction.
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Figure 2. Chromatograms of Fumonisin B1 at 10 ng/mL
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In order to mitigate NSB, an inert column hardware was implemented; which allows for
the efficient and reproducible analysis of metal sensitive compounds. The inert
hardware consists of a premium inert coating applied to the stainless-steel surface of
the column that guarantees a more consistent chromatography. Figure 3 shows the
overall benefit of switching from a conventional to an inert column without any change
in the method itself.

Figure 3. Effect of Inert Column on Selected Mycotoxins at 10 ng/mL
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Conclu:

A workflow was established in this study to provide a unique solution for simultaneous
determination of Alternaria toxins, ergot alkaloid epimers, and other major mycotoxins
produced by fungal genus of Aspergillus, Fusarium, and Penicillium. The reported
method was rugged, accurate, and precise using a combination of convenient sample
preparation procedure and a fast 1l-minute chromatographic analysis. Most
importantly, this solution could be applied to multi-mycotoxin quantification in a wide
variety of food products. Furthermore, the application of inert column hardware aided
in the consistent analysis of several mycotoxins that tend to interact with metal
surfaces and therefore increasing the sensitivity of such.
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