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Abstract

The eVect of the frying process on deoxynivalenol contamination was evaluated. Deoxynivalenol naturally contaminated Xour
(1200 �g/kg) and fortiWed Xour artiWcially contaminated (260 �g/kg) were used to prepare turnover pie dough covers. Frying was per-
formed at three temperatures (169 °C, 205 °C and 243 °C) for diVerent times. The Wnal time for cooking at every temperature was estab-
lished by measuring the colour during the frying process. Deoxynivalenol reduction was greater in the artiWcially contaminated samples
(>66% at 169 °C, 43% at 205 °C and 38% at 243 °C). For the level of 1200 �g/kg, the average percentage of deoxynivalenol reduction,
based on medians, was 28% when the dough covers were fried at 169 °C, 21% at 205 °C and 20% at 243 °C.
©  2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Certain products such as wheat Xour are susceptible to
be contaminated with deoxynivalenol (DON) (Samar,
Ferro Fontán, Resnik, Pacin, & Castillo, 2003; Scott, Kan-
here, Dexter, Brennan, & Trenholm, 1984) as the fungus
able to produce it (Fusarium graminearum) is frequently
isolated from the whole kernel (González, Pacin, Resnik, &
Martínez, 1996; González, Martínez, Pacin, & Resnik,
1999). This secondary metabolite is a mycotoxin frequently
found in foods, especially in those elaborated with cereals
and it has been demonstrated that diVerent products of
massive consumption in Argentina like bakery products
and beer are frequently contaminated by DON (Moltó,

Samar, Resnik, Martínez, & Pacin, 2000; Pacin, Resnik,
Neira, Moltó, & Martínez, 1997; Quiroga et al., 1995;
Samar, Neira, Resnik, & Pacin, 2001).

Due to the culinary customs and considering that in
Argentina appreciable amounts of wheat based foods are
consumed, it is important to establish how processes are
able to diminish the contamination by DON in those
foods. Previous studies on DON behaviour during the
bread elaboration in Argentina have been made and a
positive eVect was found when increasing the temperature
of fermentation in order to reduce the DON contamina-
tion (Samar et al., 2001). The DON reduction during
bread baking was also quantiWed (Neira, Pacin, Martínez,
Moltó, & Resnik, 1997). In other study, the presence of
DON in the diVerent steps of the manufacture of turnover
pie dough covers prepared for baking and for frying was
studied, with the objective to evaluate the industrial pro-
cessing eVect on DON reduction in a factory (Del Pelo,
2002).
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“Empanadas” are prepared with diVerent Wlling types
within the cover (turnover pie cover) and they are baked, or
fried in vegetable oil or animal fat (pork or cow). Turnover
pie covers are raw dough Xattened and disc shaped (main
component is wheat Xour). They appear in packages of the
thermoformed type closed with a Xexible Wlm but with no
type of modiWed atmosphere. Each package contains
several separated units with polyethylene Wlms. The prod-
uct must be conserved between 2 and 8 °C, being its shelf
life 25 days. The daily average consumption of turnover pie
covers varies between 135 and 217 g according to the survey
of food consumption by the population at the University of
Luján (Pacin, Martínez, Portela, & Neira, 1998).

The Provisional Tolerable Maximum Daily Intake
(PTMDI) according to the JECFA last update (Canady et al.,
2001) is of 1�g/kg body weight/day, therefore for a person of
70kg of weight who consumes daily 217g of turnover pie cov-
ers, the maximum contamination of these covers would not
have to surpass a DON concentration of 322.6�g/kg.

The objective of this work was to evaluate DON con-
tamination during a traditional home frying of turnover pie
dough cover of “empanadas”, at three ordinary frying tem-
peratures to establish how much this process diminishes the
DON contamination level.

2. Materials and methods

2.1. Treatment and sample preparation

Natural and artiWcially contaminated Xour were used.
DON concentration was 1200�g/kg and 260 �g/kg respec-
tively. Dough was made with the following ingredients:
500 g Xour, 75 g bovine fat, and 207 g of warm water. All the
ingredients were manually hold together, shaped into a ball,
covered, rested for 15 min, and then kneaded to obtain a
non-sticky and smooth appearance dough. After Xattening
the ball of dough slightly, it was rolled out until it had 2 mm
thickness. Dough circles of 10 cm diameter, 2 mm thickness
and 30 g weight, so called “tapas” (covers), were cut.

The covers were cooked with commercial corn oil in a 10
litres capacity frying pan, preheated at the temperature of
each assay (169 °C, 205 °C and 243 °C). The most common
commercial frying pan has three temperature levels: low,
medium and high. Fourteen covers were fried at each assay.
Oil temperature was measured by a calibrated thermocou-
ple (CHY 502 type K, §0.1 °C).

Uncontaminated covers were prepared and fried in the
same way to determine moisture loss and colour develop-
ment along cooking time. Samples were taken at diVerent
frying times at each temperature.

2.2. Final point determination by colour measurements

Measurements were taken in both sides of fried dough
covers with a Minolta Spectrophotometer, Model: CM-
508d (Minolta Co., Japan). Before the test, the instrument
was calibrated with a standard black glass and a standard

white provided by the manufacturer. The raw dough and
the Wnal point were analyzed in Wve independent samples
and the intermediate points in three covers. The dough cov-
ers are not surfaces with uniform chromaticity, for these
reason both sides of dough covers colour were determined
at diVerent cooking times (four times) for each temperature
(169 °C, 205 °C and 243 °C) and in the raw dough (26 sam-
ples). The median of the X, Y and Z measured values were
calculated for each side of covers, then the median for both
sides and Wnally the median for the replicates of each time
and temperature. Using these values the colour functions
were calculated for the CIE standard illuminant. The col-
our functions were calculated from the X, Y, and Z values
according to Lozano (1978) and Petriella et al. (1985).

2.3. Chemical analysis for DON

DON extraction of the samples was performed as
described by Trucksess et al. (1996) with slight modiWca-
tions according to Samar et al. (2003). The mixture acetoni-
trile:water (84:16) was adjusted taking into account the
water content of each sample.

The water content was determined by weighing 2 g of each
sample by triplicate and heating them in a vacuum oven at
60 °C until two successive weight loss measurements, per-
formed every two hours, showed <0.05% weight diVerence.

Based on contamination levels, two methods were used
to clean up the samples, performing the analysis by quintu-
plicate. At 1200 �g/kg initial DON naturally contaminated
samples, extracts of 8 ml were placed in an 8£ 15 mm cul-
ture tube and a 2 ml portion was passed through a Mycosep
225 column (Romer Labs. Inc., MO, USA).

Extracts of artiWcially contaminated samples were
cleaned up with a DON test aYnity (VICAM, Cebasa S.A.,
Buenos Aires, Argentina). BrieXy, to extract the sample,
25 g of sample were blended with a mixture of 5 g of PEG
8000 and 100 ml of distilled water, homogenised for 1 min-
ute and then Wltered by using Whatman No. 1 Wlter. Two
millilitres of the extract were passed over the DON test
aYnity column with a constant Xow of 1 drop/s. The col-
umn was washed with distilled water (5 ml) and then dried
completely. The column was eluted with methanol (1.5 ml)
at very low speed and the eluate collected in an amber vial.

The extracts were evaporated to dryness in a 60 °C water
bath under vacuum and stored at ¡18 °C prior the analysis.

The dried extract residues were derivatized as described
by Croteau, Prelusky, and Trenholm (1994). BrieXy, the cat-
alyst solution was added to the dried extract and after vor-
texing, 50 �l of HFBA were added. The tube was placed in a
heating block for 20 min. Excess of derivatizing agent was
destroyed with 1 ml of sodium bicarbonate solution and
400 �l of toluene were added. After centrifuging, the upper
organic layer (480 �l) was transferred to an autosampler
vial for GC analysis.

Gas chromatography with electron capture detection
(GC-ECD) was performed on a Hewlett–Packard Model
5890 Series II equipped with an HP automatic liquid sam-
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