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Thermal stability of aflatoxin B; and ochratoxin A
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Abstract

Within this research project, the LCI (Lebensmittelchemisches Institut des Bundesverbandes der
Deutschen SitiBwarenindustrie e.V.) conducted systematic studies to determine the thermal stability of
the mycotoxins ochratoxin A (OTA) and aflatoxin B, as the available literature provides contradictory
data. Firstly, the said mycotoxins in pure form were subjected to thermal treatment. Secondly, tests
were conducted to determine the influence of certain matrix substances, including carbohydrates and
proteins, on the thermal decomposition behaviour of the mycotoxins. As a result it can be said that
OTA seems to be stable up to 180 °C; however aflatoxin B, was almost completely degraded at heat-
ing temperatures of 160 °C and above. In several model assays it could further be shown that the deg-
radation of mycotoxins is improved by the existence of certain matrix compounds.
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Introduction

Aflatoxins and ochratoxin A (OTA) are sec-
ondary metabolites of toxigenic moulds of the
genera Aspergillus and Penicillium. OTA pri-
marily occurs in native starchy cereals (1, 2).
Aflatoxins frequently develop in high-protein
products that are grown in humid warm re-
gions, such as nuts (peanuts, pistachios),
maize, dried figs, and various spices such as
pepper and paprika (2). The presence of these
mycotoxins in foodstuffs is undesired due to
their toxicological and carcinogenic potential
(3).

In the past it was frequently reported that
mycotoxins are predominantly stable, low-
molecular compounds that are widely un-
responsive to technological measures such as
heat and alkali treatment, etc. (4-6). However,
other studies, some being of a more recent
date, show a distinct reduction (up to 90%) of
the level of OTA using certain roasting para-
meters in the manufacture of coffee (7-10).
The scientific literature available to us from
the coffee sector would indicate that there is a
connection between the initial mycotoxin level
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of raw coffee beans, the respective type of con-
tamination (natural or artificial), and the de-
gree to which OTA is reduced. As for the
thermal stability of aflatoxins, there is hardly
any recent data available.

The objective of this research project was to
examine the thermal stability of aflatoxins and
OTA, both in pure form and with respect to the
impact of certain matrix substances, including
carbohydrates and proteins, on the thermal
degradation behaviour of mycotoxins.

Materials and Methods

The assays carried out to determine the thermal
stability of aflatoxins and OTA were per-
formed on mycotoxin standards in pure form
and with model matrices artificially contami-
nated with these mycotoxins. For the thermal
assays performed with pure mycotoxins, stan-
dard solutions with defined concentrations
were evaporated to dryness in a stream of ni-
trogen and, after thermal treatment, the my-
cotoxins were redissolved and subsequently
analysed. The model matrices used were starch
powder, soya protein and the polyphenol epi-
catechin spiked with defined amounts of the
particular mycotoxin. Depending on the re-
quired temperature, thermal treatments were
performed using a desiccator cabinet and a
muffle furnace.

The assays presented here made use of the
miniaturised analysis method for the combined
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determination of aflatoxins and OTA, reported
previously (11).

Combined determination method of aflatoxins
and OTA—Principle

The toxins were extracted from the sample us-
ing a mixture of acetonitrile and water. Afla-
toxins and OTA were bound using special-
purpose immunoaffinity columns (IACs); in-
terfering coextractants were washed out. The
toxins were subsequently eluted and their
quantity determined by HPLC using an exter-
nal standard.

Chemicals

Unless otherwise specified, analytically pure
chemicals have been used. Sodium hypochlo-
rite solution for cleaning the equipment
(c=10%), PBS (phosphate buffer saline) tab-
lets: solution was made using 10 tablets in
1000 ml water, pH7 (Romer Laboratories,
Tulln, Austria); OTA and aflatoxin standards
diluted in methyl alcohol/water 50/50 v/v (Bio-
pure/Austria).

Equipment

IACs (incl. equipment like plastic syringes
recommended by supplier, e.g. Romer Labo-
ratories, Tulln, Austria), Ultra-Turrax or shak-
er, beakers, centrifuge or filtration accessories,
pipettes, Eppendorf pipettes, HPLC system:
with pump, autosampler, column oven, fluores-
cence detector.

Sample processing

0.1-2 g homogenized sample was placed this in
a beaker to which were added 0.2 g sodium
chloride and 10 ml acetonitrile/water (60/40,
v/v). The slurry was then homogenised using
an Ultra-Turrax or a shaker, centrifugated
(4 °C, 2400 rpm, 10 min) and 3 ml filtrate
were diluted with at least 33 ml PBS buffer
and slowly applied to the immunoaffinity col-
umn. OTA was eluted from the column using a
1.5 ml volume of MeOH/HAc. The aflatoxines
were eluted with 1.5 ml MeOH. Subsequently
it is recommended that the column also be
rinsed with 1.5 ml H,O and that the eluates be
combined. For details on the exact conditions
for eluting the mycotoxin and also for the ap-
propriate elution speed, please follow the in-
structions of the respective IAC supplier. The
sample thus obtained is injected into the HPLC
system.
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HPLC parameters for OTA
Separation column: RP C-18 ODS, 5 um,
250x4.6 mm (any supplier)

Injection volume: 20 pl

Eluent: H,O/MeOH/HAC¢,25.5/70.5/4 v/v/v

Detection: fluorescence; excitation 330 nm;
emission 460 nm

Flow rate: 1.0 ml/min

Column temperature: 20 °C

HPLC parameters for aflatoxins
Separation column: RP C-18 ODS, 5 um,
250x4.6 mm (any supplier)

Injection volume: 100 pl

Eluent: H,O/ACN/MeOH, 60/20/20, v/v/v

Detection: fluorescence; excitation 362 nm,;
emission 440 nm

Flow rate: 1.2 ml/min

Column temperature: 20 °C

Derivatisation: KOBRA cell

Results and Discussion

Figures 1 and 2 show the findings for aflatoxin
B, (AFB,) and OTA, respectively, the two
temperatures applied, 150 °C and 180 °C, are
also given. The diagrammes indicate that the
degradation behaviours of OTA and AFB,,
when subjected to heat, are different. OTA, in
pure form, is only slightly degraded. A tem-
perature of above 180 °C is required to degrade
more than 10% of its initial level. In the case
of AFB;, however, a heat treatment tempera-
ture of only 150 °C was needed to reduce its
initial content level by 70%. Furthermore, it
could be shown that a treatment of 180 °C led
to a 100% degradation of AFB,.

Heat treatment distinctly reduced the myco-
toxin content of all analysed model matrices.
The highest degradation rates were observed
for both mycotoxins in the soya protein matrix.
Complete degradation was observed for both
AFB,; and OTA at heat treatments of 150 °C
and 180 °C over a period of 30 minutes. Com-
pared to the behaviour of pure-form mycotox-
ins, the presence of starch and epicatechin led
to increased degradation, especially in the case
of OTA and at heat treatments of >180°C
(cf. Figure 2). AFB; was almost completely
degraded when subjected to matrix effects and
a heat treatment temperature of >180°C.
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Figure 1. AFB degradation in diverse model matrices at 150 and 180 °C
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Figure 2. OTA degradation in diverse model matrices at 150 and 180 °C

Tests to identify the reaction products were not
carried out within this project, but the follow-
ing reaction mechanisms are conceivable and
likely. As regards the OTA molecule, the per-
tinent literature discusses the possibility of
isomerisation to another diastereomer at the C3
or C14 position, particularly in aqueous solu-
tion. In addition, under the influence of high
temperatures (>200 °C), an amine breakdown
would be possible. In reversal of the biochemi-
cal generation of OTA, this process leads to
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L-phenylalanine and ochratoxin a. The stabil-
ity of aflatoxins is, among other things, cru-
cially determined by the availability of H,O in
the medium. The stability of a hydrolysed lac-
tone ring is severely limited. Hence tempera-
tures as low as >100 °C and slightly alkaline
ambient conditions lead to an opening of the
lactone ring. Since the lactone structure cru-
cially determines the fluorescence properties of
the aflatoxins, the reaction products no longer
possess the fluorescence typical of aflatoxins.
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Under more drastic thermal conditions, a de-
carboxylation of the o-coumaric acid would
also be possible.

Heat treatment was shown to significantly re-
duce the mycotoxin content of all analysed
model matrices. The highest degradation rates
were observed in the soya protein matrix. The
full degradation of both aflatoxins and OTA
was observed at temperatures of 150 or 180 °C
for 30 minutes. The percentage degradation of
aflatoxins in the starch and epicatechin matri-
ces was comparable to the results of thermally
induced degradation of pure aflatoxins. The
same applied to the degradation behaviour of
OTA in the starch and epicatechin model ma-
trices. However, as opposed to the observa-
tions made regarding pure OTA, degradation
was shown to start at considerably lower heat-
ing temperatures and was much stronger. The
strong tendency of aflatoxins and OTA to form
covalent bonds with proteins, as observed in
the model assay, is known and arises from
their physiological effect, i.e. the strong geno-
toxicity and carcinogenicity of both sub-
stances. This is, among other things, due to the
characteristic of both toxins to form stable
bonds with the serum albumin of blood plasma
and with DNA (1).

Correspondingly it may be concluded that the
presence of proteins, tested in our project using
soya protein, considerably increases the poten-
tial of degrading OTA and aflatoxins through
heat treatment. Epicatechin and starch also
promoted the degradation of these mycotoxins
— particular the degradation of OTA — through
heat treatment, albeit to a lesser degree. These
findings make it likely that the thermal reac-
tion products from our thermal treatment as-
says, stemming from the corresponding matrix
and the spiked mycotoxins, no longer possess
the characteristic fluorescence of mycotoxins.
This may likely involve, for example, addition
or condensation reactions between the respec-
tive mycotoxins and the matrix. Our research
did not include the identification of these reac-
tion products, which is why no statements can
be made regarding the toxicity of the reaction
products.

Conclusions

In conclusion it can be said that the tests we
carried out on the thermal stability of mycotox-
ins in pure form only partly corroborated the
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findings in the relevant literature. OTA could
only be degraded to a minor extent by heat im-
pact and only at temperatures of 180 °C and
above. As regards the test conducted to exam-
ine the thermal stability of aflatoxins in pure
form, a completely contradictory behaviour
was determined compared to the data gathered
from the relevant literature. As of heating tem-
peratures of approximately 150 °C, AFB; was
almost completely degraded.

The extent to which this behaviour is also
transferable to mycotoxins in matrix was tested
on several select model matrices within the
scope of this research project. The model as-
says showed that the degradation of mycotox-
ins was improved by the presence of certain
matrix components. In the presence of pro-
teins, in this case soya protein, a heat treatment
of 170 °C resulted in a complete degradation
of OTA and AFB,. Other matrices, such as
carbohydrates and polyphenols, also improved,
although to a lesser extent, the degradation of
these mycotoxins by of heat treatment. These
findings would suggest that the thermal reac-
tion products from our thermal treatment as-
says, stemming from the corresponding matrix
and the spiked mycotoxins, no longer possess
the characteristic fluorescence of mycotoxins.
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