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Occurrence of Fumonisins B, and B, in Retail Raisins
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Concerns that raisins may be contaminated by fumonisins stem from the persistent occurrence of
Aspergillus niger spores on raisins and the recent discovery of fumonisin production by A. niger on
grapes, which leads to the widespread occurrence of fumonisin B, in wine. This study presents an
LC-MS/MS survey of fumonisins in retail raisins. In 10 of 21 brands collected in Denmark, Germany,
and The Netherlands, fumonisins B, and B, were detected at levels up to 13 and 1.3 ug/kg,
respectively. Only fumonisin B, has been detected in wine, so the presence of fumonisin B, in
raisins suggests that the fumonisins are produced mainly during the drying process concomitant with
the decreasing water activity. Analysis of multiple packages from one manufacturer showed a 3-fold
package-to-package variation, suggesting that a few raisins per package are contaminated.
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INTRODUCTION

Black aspergilli are distributed globally and occur on a great
variety of substrates. They are also widely used in the food and
biotechnology industries for the production of organic acids,
enzymes, and other products (/).

Black aspergilli are commonly found on the surface of healthy
grapes during all growth stages (2). Aspergillus species are present
on grape clusters early in the season, and their frequency increases
in the later growth stages of the grapes (3). Of the various
Aspergillus species, Aspergillus niger is by far the most commonly
found on grapes and is shown in one study to occur on >80% of
samples (4). Although A. niger is the predominant species,
Aspergillus carbonarius is the most problematic because it con-
sistently produces high amounts of ochratoxin A, whereas only
8—40% of A. niger strains produce low amounts of this toxin (5,6).
This is the main mycotoxin-related health concern in grape-
derived products. Nonetheless, A. niger production of fumonisins
B,, By, and B¢ (7—9) (Figure 1) and the high frequency with which
fumonisin B, occurs in wine (/0, /1) raise concerns about the
possible widespread presence of fumonisins in raisins. These
concerns are further fuelled by the production of fumonisins B,
and By on artificially infected grapes and raisins to levels as high
as8mg/kg(/2,13),aswell as a study that found 4. niger spores on
all raisins investigated (/3). A recent analysis of seven raisin
samples from around the world claimed fumonisin levels as high
as 35 mg/kg, mainly for fumonisin B,, but also detected fumo-
nisins By, B3, and Bg, as well as a number of tentatively identified
fumonisin By and B, OH-positional isomers (/4). The finding of
fumonisins B; and B; is unusual, because the FUM2 gene
encoding the enzyme for a C-10 hydroxylation that is required
for the production of these isomers has not been detected in any of
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the three available full-genome sequences for A4. niger strains
(15, 16). Furthermore, no other studies on fumonisin production
in A. niger have detected fumonisin By (7—10, 12, 13, 16—18).

Structurally, fumonisins are similar to sphingolipids and have
been shown to inhibit sphingolipid biosynthesis via the ceramide
synthase pathway (/9). The consumption of contaminated maize-
based foods is associated with a high incidence of esophageal and
liver cancers, along with neural tube defects (20). Furthermore,
outbreaks of leukoencephalomalacia in horses and pulmonary
edema and hydrothorax in pigs have been linked to consumption
of fumonisin-contaminated feed (20, 21). The regulatory limit for
fumonisins in maize is 2—4 ug/g total fumonisins (22) in the
United States and 0.2—2 ug/g in the European Union (23). Thus,
the findings of 1—36 mg/kg in selected highly infected single
raisins and artificially contaminated raisins clearly exceeds reg-
ulatory limits (/3, /4) and are therefore of public health concern.
However, to our knowledge, no studies have reported average
fumonisin levels in commercial raisins.

Raisin production methods vary in different parts of the world,
but mainly involve sun-drying, shade-drying, or mechanical
drying (24). Production of dark-colored raisins in the United
States, Chile, and South Africa is by direct sun-drying (24), which
usually takes between 2 and 4 weeks to reach the commercial limit
of >85% dry matter (24, 25). Faster drying may be obtained by
the use of dipping solutions, commonly used in Mediterranean
regions, where grapes are pretreated with solutions of 5—6%
K,COs5 and olive oil to remove the waxy outer layer prior to sun-
drying (26). This practice is generally used to produce the more
light-colored sultana raisin variant (24—26). Golden variants are
generally mechanically dried after pretreatment with SO, to
retard nonenzymatic and enzymatic browning (24). Damaged
grapes will likely become contaminated, especially by black
aspergilli, during the drying period, because these fungi are
present on both the grapes and the finished raisins (/3). To keep

©2010 American Chemical Society



Article

OH M,
3 FB. 721
32
° FB, 705
HO 3 FB, 705
30
FB, 689

J. Agric. Food Chem., Vol. 59, No. 2, 2011 773

Ry Rx Rs

H OH H
H H OH
H H H

Figure 1. Structure of fumonisins B;—B, and B.

ochratoxin A levels low, careful removal of infected raisins is
enforced.

In this study, we investigated the presence of fumonisins in
commercial raisins using cation-exchange purification with sub-
sequent LC-MS/MS determination. We also investigated various
extraction techniques to accommodate the high amounts of
interfering material in raisins.

MATERIALS AND METHODS

All solvents were of HPLC grade, and other chemicals were of
analytical grade. Reagents were from Sigma-Aldrich (St. Louis, MO).
Water was purified on a Milli-Q system (Millipore, Bedford, MA). The
fumonisin standard was a mixed certified standard containing fumonisins
By at 50.2 mg/L and B, at 51.0 mg/L (Biopure, Tulln, Austria). Fumonisin
B; was from Biopure, and fumonisins B, and Bg were from previous
studies (8).

Raisin Samples. Raisins of 21 different brands were purchased from
supermarkets and specialty shops in Denmark, Germany, and The
Netherlands. The raisins were from the United States/California (n=9),
Greece (n=1), South Africa (n=2), Chile (n=5), Turkey (n=3), and China
(n = 1). The 21 different brands represented a total of six different grape
varieties including Thompson seedless, Jumbo Regal seedless, Flame,
Sultana, Zante Currant, and Golden seedless.

Optimization of Sample Preparation. Raisins were homogenized
with water (I:1 w/w) in a domestic kitchen blender. The mash was
subsequently spiked with fumonisins and extracted. For method develop-
ment, mixtures of water/methanol, water/ethanol, and water/acetonitrile,
in 10% stepwise concentration increases from 30 to 100% organic solvent,
were tested and the extracts purified using several formats (30 or 60 mg in
1 or 3 mL) of Strata X-C columns (Phenomenex, Torrance, CA). The
effects of formic acid addition during extraction and different extraction
volumes (3—20 times the amount of mash) were tested, along with different
concentrations of NH4OH for elution from the cation-exchange columns.

Sample Preparation. Raisins (=200 g) were homogenized as de-
scribed above, and 34 g of mash was transferred and split into two 50 mL
Falcon tubes. The homogenates in each tube were extracted with 40 mL of
acetonitrile/water/formic acid (86:12:2 v/v/v) under continuous shaking
for 2 h. Samples were then centrifuged at 8000g for S min, and 35 mL of the
upper phase of the resulting two-phase system was transferred to a clean
50 mL conical tube. Samples were evaporated to dryness under a N, flow,
and each was redissolved in 10 mL of 1:1 v/v methanol/water, passed
through a 0.45 yum PTFE syringe filter, and pooled. Sample purification
was carried out using 60 mg/3 mL Strata X-C columns that had been

preconditioned with 1 mL of methanol and 1 mL of water prior to sample
load. To further acidify the column, 1 mL of water containing 2% formic
acid was added, with a subsequent wash with 1 mL of methanol.
Fumonisins were eluted with 1 mL of methanol/2% NH4OH (1:4 v/v)
into an autosampler vial and used directly for analysis.

LC-MS/MS conditions. LC-MS/MS analysis was performed as
previously described (11, 13) on a Quattro Ultima triple mass spectrometer
(Micromass, Manchester, U.K.) using positive electrospray ionization and
operated in multiple-reaction mode (MRM or SRM) in the following
transitions: fumonisins B, and B;, quantifier m/z 706 — 336, cone, 50 V;
collision, 40 eV; dwell time, 50 ms; qualifier m/z 706 — 318; cone 50 V;
collision, 25 eV; dwell time, 100 ms; fumonisin By, quantifier m/z 690 —
320; cone, 50 V; collision, 35 eV; dwell time, 50 ms; qualifier 72/z 690 — 338;
cone, 50 V; collision, 30 eV; dwell time, 100 ms; fumonisins B; and B,
quantifier m/z 722 — 334; cone, 50 V; collision, 40 eV; dwell time, 50 ms;
qualifier m/z 722 — 528; cone, 50 V; collision, 25 eV; dwell time, 100 ms.

Calibration. Quantification was by external standard quantification
using linear regression, with comparison to spiked raisin samples (raisins/
water 1:1 w/w) incubated for 2 h prior to extraction. Samples were spiked
with a certified mixture of fumonisins By and B, to 0 (blank), 1, 5, 15, 50, or
100 ug/kg dry raisins. Preliminary results had indicated that the samples
had low fumonisin levels that were close to the limit of quantitation
(LOQ), so each homogenized sample was analyzed in triplicate. Because
available amounts of fumonisins B, were low, its response factor relative to
fumonisin B, was determined on the basis of pure standards.

Validation. Fumonisin B, determination was validated by spiking
portions of 34 g of raisin mash (raisin/water 1:1 w/w) with a mixture
of fumonisins By and B, to concentrations of 0 (blank), 1, 5, 15, 50, or
100 ug/kg dry raisins. Experiments were performed on three different days,
with all levels assayed in triplicate each day. Apparent recovery was
calculated as the ratio of the slope of the spiked raisins to a standard
dilution series in methanol/water (20:80 v/v) diluted to 0, 1, 5, 15, 50, and
100 ug/kg. Fumonisins Bg and B; were occasionally coanalyzed in
sequence to ensure sufficient separation.

RESULTS AND DISCUSSION

Sample Purification. Fumonisins have traditionally been puri-
fied using anion-exchange or immunoaffinity columns; however,
in previous studies we observed that raisin extracts fouled im-
munoaffinity columns, probably due to polysaccharides and
brown pigments (/3), resulting in brownish viscous methanol
eluates. Poor recovery has been observed when using anion-
exchange columns for grape extracts and wine, most likely
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Figure 2. LC-MS/MS analysis; fumonisin B, and B, transitions in a fumonisin B,-spiked sample and a blank raisin sample: (A) quantifier of fumonisin B, in a
spiked raisin sample (5 1g/kg); (B) quantifier and (C) qualifier of fumonisin B, in a raisin sample (4.6 1g/kg); (D) quantifier and (E) qualifier of fumonisin B, ina
raisin sample (1.2 ug/kg); (F) quantifier of fumonisin B, in a noncontaminated raisin sample; (G) quantifier of fumonisin B4 in a noncontaminated sample.

because of the high content of organic acids, which salt-out
fumonisins (/1, 13). To circumvent this problem, we used poly-
meric mixed-mode cation reversed phase columns, which target
the amine of the fumonisins and have been proven effective for
purifying fumonisins from wine (/7).

During method development, we tested ethanol/water and
methanol/water mixtures for extraction, because they did not
result in a two-phase system as acetonitrile/water did, as also
observed for aflatoxin extraction in various dry sample types (27).
However, extensive amounts of pigments and polysaccharides (as
judged from the extract viscosity) subsequently interfered with
solid-phase extraction column function. Because this did not
occur using acetonitrile extracts, we selected this QUEChERS-like
method (28) in which the acetonitrile/water phase separates
because of sugars from the raisins and performed further opti-
mizations on this. Not surprisingly, the extracts needed to be
acidified to keep the fumonisins in the acetonitrile phase. We also
found that the volume of acetonitrile increased with decreasing
temperature (observed when extracted stored in the refrigerator),
so the samples were processed at the same temperature as the
spiked samples used for calibration. We used two 50 mL conical
tubes instead of a single 100 mL tube for extraction and extract
evaporation to fit our centrifuge and N, evaporation equipment.

Validation. The LOQ was determined to be 1 ug/kg for
fumonisin B, at a relative standard deviation of 35% (n =9),
which is highly satisfactory for this low level in this type of matrix.
Trueness was 89, 101, and 97% for the three days, with average
deviations of 22, 8, and 9%. The limit of detection (LOD, s/n 5)
was at least 0.3 ug/kg for fumonisin B, and 0.3 and 0.1 ug/kg for
fumonisin B,. Apparent recovery was 87 & 15%.

Screening of Raisin Samples. Our analysis demonstrated that
48% of the 21 tested raisin brands contained fumonisin B, and
43% fumonisin By. The detected amounts of fumonisins B,
and By in the positive samples ranged from the LOD (0.3 and
0.1 ug/kg) to 13 and 1.3 ug/kg, respectively. LC-MS/MS MRM
chromatograms from selected spiked and nonspiked samples are
shown in Figure 2.

The detection of fumonisin B, from retail raisins matches
previous studies on artificially infected grapes and raisins (/3);
however, fumonisin B4 was not identified in studies of fumonisin
content in wine and grape must (/0—12). This might suggest a
different growth physiology and metabolism of A. niger on the
drying grapes, possibly because of a fast fungal growth rate that
results in some fumonisin B4 not being transformed into B, before
the water activity decreases below A. niger growth limits (~0.85)
(4). This postharvest growth along with the physical removal of
water from the vine fruit and the concomitant concentration of
the fumonisins may explain why fumonisin B4 has not been
detected in previous wine studies (/0, 11). The presence of
fumonisin By in raisins could also explain our higher frequency
of positive samples because, in contrast to wine production, both
the postharvest period and the drying are sources of fumonisin
production and upconcentration.

The frequency of fumonisin contamination in wine is approxi-
mately 18—23% (10, 11), which is half the frequency observed in
the raisins in this study, fitting well with the higher frequency
being caused by postharvest growth of 4. niger. This correlates
well with studies demonstrating a significant increase in fungal
load during drying, exceeding the expected increase due to the
concentration effect of water evaporation(4).

The levels we detected were > 1000-fold lower than in samples
analyzed by Varga et al. (/4), in which fumonisin B, was also
detected. The finding of fumonisin By is highly unlikely because
bioinformatic analysis of the data from the three fully sequenced
A. niger strain genomes (/5) has not detected a FUM?2 gene
encoding the enzyme responsible for C-10 hydroxylation (29).
Thus, A. niger should not produce fumonisins B, and B; as also
reported here and in all other studies analyzing extracts from
A. niger strains (7—10, 12,13, 16—18).

Of the 10 positive samples in this study, 7 were derived from
California (n = 9), 2 from Chile, and 1 from Turkey (Table 1),
demonstrating a higher infection rate in the California raisins.
The reasons for this are unknown and could be because of the
different climate, preharvest weather conditions, different grape
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Table 1. Overview of Tested Raisin Samples and Average Fumonisin Content®
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brand origin grape variety organic fumonisin B, (1g/kg) fumonisin B,® (ug/kg)

1 California Thompsons Seedless 49+04 0.26 +£0.05
1 4541 08+04
1 13.0+1 1.3+04
1 75+08 09+02
2 California Thompsons Seedless 27402 029+0.1
3 California Thompsons Seedless v 1.8+0.2 <LOQ°

4 California Thompsons Seedless v 26+04 0.83+ 0.5
5 California Thompsons Seedless 3.8+0.6 0.31£0.09
6 California Thompsons Seedless 41406 1.0+0.1
7 California Thompsons Seedless v 1.3+£0.6 025+0.2
8 California Thompsons Seedless ND? ND

9 California Thompsons Seedless v ND ND

10 Turkey Sultana v ND ND

11 Turkey Sultana v ND ND

12 Turkey Sultana 48+2 0.75+0.1
13 Greece Zante currants ND ND

14 South Africa Golden Seedless ND ND

15 South Africa Jumbo Regal Seedless v ND ND

16 China unknown ND ND

17 Chile Flame ND ND

18 Chile Flame ND ND

19 Chile Flame ND ND

20 Chile Golden <LOQ ND

21 Chile Golden 1.4+06 <LOQ

2Fumonisin concentration is the average of three determinations from the same package, --one standard deviation.  Fumonisin B, was calculated assuming a 4-fold better
response factor than for fumonisin B, and is shown from one spiking experiment. Fumonisins By and B were not detected in any of the packages. °LOQ, limit of quantification: for
fumonisin B,, 1 ugrkg; for fumonisin B,, estimated as 0.25 ug/kg. “ND, not detected. The limit of detection for fumonisin B, was 0.3 ug/kg, and that for fumonisin B, was 0.1 ug/kg.

cultivars, or different drying and sorting techniques (4). No
connection was observed between fumonisin content and type
of cultivation strategy (organic/conventional).

Large package variations were observed with up to 3-fold
differences between four packages of the same brand, indicating a
nonhomogeneous infection level, which may be due to contami-
nated raisins. Even though the detected fumonisin levels were
50—100 times below the regulatory limits of similar commodities
such as maize, a larger survey is needed, both because of the low
number of retail brands tested and because of the high variation
among packages. Furthermore, establishing whether raisins may
have even higher concentrations under different climatic condi-
tions and drying procedures is important.

We presume that the low levels that we report here are also
because of the efficient removal of damaged grapes that was initiated
after problems with ochratoxin A in grapes and derived products
were reported in the late 1990s (30—32), leading to very strict
European Community regulations (472/2002) (33), including a maxi-
mum allowance of 10 ug/kg ochratoxin A in dried vine fruits (34).

In conclusion, this first survey on fumonisin determination in
retail raisins demonstrated that almost 50% of tested brands
contained low levels of fumonisins (1—14 ug/kg), which is far
from the maximum allowable levels in regulated foods such as
maize. Nonetheless, our finding of a high frequency of fumonisin
occurrence clearly calls for larger surveys that can establish
whether certain regions or weather conditions lead to fumonisin
concentrations above set regulatory limits, as well as investiga-
tions of the influence of the drying process, especially on the
production of fumonisin By.
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