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Abstract
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microwave heating. Czech J. Food Sci., 23: 230-239.

The oxidative stabilities of pork lard, sunflower, zero-erucic rapeseed, peanut and high-oleic peanut oils were tested

under microwave heating conditions. Vegetable oils and lard were heated in a microwave oven for up to 40 min between

25°C and 200°C. The peroxide value, the contents of conjugated dienoic and trienoic acids, and polymers were used

as markers of lipid degradation. Sunflower oil was found the least stable oil because of a high polyenoic acid content

and a low content of y-tocopherol. Rapeseed oil was more stable because of a lower polyenoic acid content and a high

y-tocopherol level. Conventional peanut oil was relatively stable, but substantially less stable than high-oleic peanut

oil. Pork lard and high-oleic peanut oil formed only low levels of polymers due to a low polyenoic acid content.
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Microwave heating is a modern and widely used
method for food preparation. Changes of fats and
oils have been intensively studied as the tem-
perature of fat and oils can substantially increase
during the operation. The temperature of the fat
phase increases twice as fast during the microwave
heating than the temperature of water or water-
containing foods under comparable conditions
(BARRINGER 1995). High levels of oxidation were
observed in model systems containing sunflower,
soybean, and virgin olive oils during microwave
heating, while lipid hydrolysis was only moderate
(Caronto et al. 2001). Oxidative changes depend
on the unsaturation degree of oils, therefore, rape-
seed oil was found more stable than soybean or
safflower oils because of its lower polyenoic acid
content (YosHIDA 1993). Free fatty acids present
in oil enhance the oxidation (YosHIDA 1993),

which may be important if cold-pressed unre-
fined oils are used in microwave treated systems.
Similar results were obtained on comparison of
sunflower, soybean, and peanut oils, and a mix-
ture of soybean and peanut oils (HASSANEIN et
al. 2003). Five vegetable oils were treated in a
microwave oven, and their stabilities were tested
under Rancimat conditions at 100°C; the stability
decreased by 29-65% of the original value, and
the tocopherol content by 5-61% during 15 min
heating (MARINOVA et al. 2001). Changes of olive
oil due to microwave heating were only small be-
cause of the low contents of polyenoic acids and
relatively high contents of natural antioxidants,
especially in virgin oils (COSSIGNANI et al. 1998).
Soybean oil, sesame oil, butter, and margarine
were microwave heated for 5-20 min; tocopherol
losses were only about 20% during the first 5 min,
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but naturally, they increased more rapidly during
further heating (Kim & Joo 1995). The effects of
synthetic antioxidants and citric acid were tested in
experiments using microwave heating of canola oil
(VIEIRA & REGITANO-D’ARCE 2001). At relatively
low temperatures, i.e. during the first 10 min, no
changes were observed, but pronounced changes
followed afterwards (VIEIRA & REGITANO-D’ARCE
2001). The power of the microwave oven had a
great effect on the changes of corn and soybean
oils (TAN et al. 2001).

Oxidative changes were greater during micro-
wave heating of sunflower, high-oleic sunflower,
and olive oils and lard than in a conventional oven
under comparable conditions (ALBI et al. 1997a,
b). Deep frying of cottonseed and hydrogenated
palm oils was compared with microwave heating,
and a higher oxidation degree and lower sensory
scores were observed in the case of microwave
heating (FARAG ef al. 1992). During microwave
frying of potato chips, oxidative changes were
higher than in a conventional oven (REGULSKA-
ILow et al. 1997). Similar results were obtained
in experiments with soybean oil and palmolein
(ZHANG et al. 2000).

Another important factor was the content of
natural antioxidants, which were only tocophe-
rols in sunflower and rapeseed oils. Tocopherols,
especially a-tocopherol, are decomposed during
microwave heating to a pronounced degree (YosHI-
DA et al. 1991). On the contrary, §-tocopherol
was found more efficient than other tocopherols
(YosHIDA et al. 1993). The resistance of vegetable
oils against oxidation under microwave heating
conditions was proportional to the tocopherol
content (MARINOVA et al. 2001). In pork lard, only
traces of a-tocopherol were present. Vegetable
oils contained mixtures of tocopherols, which in-
creased their resistance against oxidation. Highly
unsaturated sunflower oil was oxidised at a high
rate because of a high linoleic acid content and
because the relatively less active a-tocopherol was
mostly present. While tocopherols and linoleic
acid were rather stable during microwave heating
of intact sunflower seeds (YOSHIDA et al. 2002),
oxidation proceeded fast in refined oil. On the
contrary, the major tocopherol in rapeseed oil was
the relatively active y-tocopherol, and the total
content of tocopherols was also high. Rapeseed
oil and Virginia peanut oil were relatively stable
because of the medium polyenoic acid content.
Peanuts were found stable on microwave roasting

(YosHIDA et al. 2003), but significant oxidative
deterioration was observed after 20 min micro-
wave heating of peanut oil. No substantial dif-
ference in the fatty acid composition was found
during the microwave heating for 5-20 min (Kim
& Yoo 1995). It means that not more than about
1% polyenoic acid was destroyed, as a change in
the fatty acid composition would be otherwise
observed. On the contrary, small changes of es-
sential fatty acids and the formation of epoxides
were observed in other experiments with several
vegetable oils (HASSANEIN et al. 2003). In the case
that natural antioxidants of oils used for microwave
heating have no satisfactory effect, it is possible to
add other permitted antioxidants (GERTZ 2004).
SEKRETAR et al. (1997, 1998) reported interesting
positive results after the application of natural
antioxidants.

In this study, we compared oxidative and po-
lymerisation changes of several vegetable oils
of different unsaturation, and of lard during the
microwave heating.

MATERIAL AND METHODS

Material. Dry rendered pork lard was not re-
fined. Double-zero winter rapeseed oil and tra-
ditional sunflower oil were produced from Czech
crops using conventional plant technology, and
physical refining. Virginia peanuts were of Chinese
production, high-oleic SunOleic peanuts (O’KEEFE
etal. 1993; KNAUFT et al. 1993) were produced in
Japan. Peanuts were crushed and extracted with
hexane (PARKANYIOVA et al. 2000; SAKURALI et
al. 1999). The fatty acid and tocopherol composi-
tions of lipids used in our experiments are shown
in Table 1.

Analytical methods. The following standard
analytical methods of IUPAC (PAQuoT & HAUT-
FENNE 1987) were used: the acid value (Method
2.206) was determined by titration, and the results
are expressed in mg KOH/g fat; the peroxide value
(Method 2.501) was determined iodometrically, and
the results are expressed in meq/kg (= 1/2 mmol
per kg, which is not an allowed unit, but this unit
is recommended after IUPAC); conjugated dienoic
and trienoic acids were determined by ultraviolet
spectrophotometry, and the results were converted
into % using the coefficients suggested by IUPAC
(Method 2.206); the polar fraction was determined
using method 2.507; the fatty acid composition
was determined by gas chromatography (Method
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Table 1. Composition of lard and vegetable oils used for the microwave heating

Component Pork lard Ol

sunflower  rapeseed Virginia peanut SunOleic peanut
Main fatty acids (% of peak area)
Palmitic 28 4 2 12 6
Stearic 11 3
C,,—C,, saturated 1 1 2 5 5
Monoenoic 52 34 49 48 82
Dienoic 6 57 34 30 3
Trienoic trace trace 8 trace trace
Eicosenoic - - 1.5 1 2
Trans-unsaturated trace 0.8 0.5 0.8 0.3
Peroxide value (meq/kg) 1.2 0.2 0.58 1.5 0.05
Acid value (mg/g) 0.6 0.06 0.07 1.5 1.4
Conjugated dienes (% m/m) trace 0.6 0.4 2.1 14
Polar compounds (% m/m) 1.2 0.4 0.8 2.1 1.7
Tocopherols (mg/kg)
Tocopherol o 5 373 294 162 201
Tocopherol B+y — 34 392 134 214
Tocopherol & — 14 12 6 11
Total tocopherols 5 418 698 303 426

2.302) after conversion into the respective methyl
esters (Method 2.301). The results are expressed
in % of areas of methyl ester peaks.

Determination of polymers. For the determina-
tion of polymeric products, 100 pl of the sample
were dried with anhydrous sodium sulfate and
dissolved in 3 ml of the mobile phase. The polymer
content was determined using the high-perform-
ance size-exclusion chromatography (HPSEC). The
modified procedure proposed by REBLOVA (1999)
was used. The micropump LCP 4000.1 (Ecom,
Prague, CR), a 300 mm x 75 mm column packed
with PL-gel Mixed E (3 pum), and a refractometric
detector HP 1047 A (Laboratorni pfistroje, a. s.,
Prague, CR) were used. Tetrahydrofuran (HPLC
grade, E. Merck, Darmstadt, D) was used as the
mobile phase; the flow rate was 0.6 ml/min. The
signal was processed by the chromatographic sta-
tion CSW 1.7 (Data Apex, Prague, CR) using the
method of inner standardisation. The repeatability
was 0.11%, the detection limit 0.14%, and the lower
detection limit 0.35%.

Microwave heating. The sample (25.0g + 1.0 g)
was weighed into a 100 ml beaker (inner diameter
d = 50 mm), and the beaker was placed in the
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center of the rotating plate of the microwave oven
MT-243/UKM 347, 2450 MHz, maximum power
1000 W (manufactured by Whirlpool, UK). The
samples were heated at the input of 500 W for 3,
6,9, 12, 15, 20, 25, 30, and 40 min. The course of
temperature changes is evident from the example
of rapeseed oil, given in Figure 1. Changes of the
temperature during the microwave heating of
other oils and of lard were almost the same (the
temperatures between duplicates of the same oils
differed by less than 1.5%, in the case of different
oils, differences did not exceed 2%). Therefore,
changes of temperatures in individual cases are
not given here.

Two independent series of experiments were
carried out under the same conditions. At the
defined intervals, the samples were taken out
of the oven, cooled rapidly, and stored at —18°C
till the analysis. Separate samples were used for
different heating times; the sample was used for
analyses, and was not returned back to the oven.
Temperature changes were recorded using a dou-
ble-channel optical temperature system (Nortech
Fibronic, Inc., Canada), monitoring the tempera-
tures between —40°C and 250°C in 30 s intervals
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T=60+96.7 log ¢

Figure 1. Course of temperature
increase during microwave heating
of rapeseed oil

Circles = measured values; full line =
curves approximated using the loga-

rithmic expression given above
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at two predetermined places. Arithmetic means
of the duplicates were calculated.

Statistical analysis. Standard deviations and
statistical significance of differences between the
mean values were calculated using one-way ANOVA.
Statistical significance between two experimental
series was calculated using the sign test. Linear,
semilogarithmic and doublelogarithmic regressions
and correlation coefficients were calculated using
the programme HP STATISTICA, Version 7. The
probability level of P = 0.95 was used. The valida-
tion of the analytical methods (including z-values)
was performed after the recommendation of The
German Society of Fat Science, 6 Interlaboratory
Comparison Test (DGF, Frankfurt a/M, 2000).

RESULTS AND DISCUSSION
General considerations

The procedure of microwave heating simulated
the process of deep frying. During 20 min, most
often used for food frying in a microwave oven,
the temperature of lard or oils increased to nearly
200°C, and further increase was only negligible
(Figure 1). The temperature of oil rises at a sub-
stantially higher rate than in the case of water, due
to its lower permitivity and specific heat (Pro-
SETYA & DATTA 1991). The course of temperature
changes was nearly the same in all cases.

Differences between two duplicate experiments
were determined in preliminary experiments, when
only the initial value and the value of a sample
after 40 min heating were analysed. The aver-

age difference between duplicates of peroxide
value determination was equal to 0.7 meq/kg in
the case of two reference samples used for the
validation (the z values of 0.55 and —0.58, respec-
tively). The acceptable difference was 0.4 meq/kg
(oe = 0.05). Analogous study of the repeatability of
the determination of conjugated dienes was 0.04%
(m/m); (o0 = 0.05). In the case of polymeric lipids,
the average difference between duplicates was
0.03% at the polymer level of 0.66%, and 0.05%
at the polymer level of 8.13%; the z-scores found
were —0.33 and 0.66, respectively. The respec-
tive standard deviations were 0.02% and 0.04%
in low-polymer and medium-polymer reference
samples, respectively. As the differences between
the duplicates were only very low, not exceeding
the levels obtained in the case of the reference
samples, only the means of duplicates are shown
in the experimental part.

Oxidative degradation of fats and oils during
microwave heating depends on the polyenoic acid
content and on the content of natural antioxidants.
From the standpoint of unsaturated fatty acid
composition, lard was highly saturated, contain-
ing oleic acid as the major unsaturated fatty acid,
and only 6% linoleic acid, the only polyenoic acid.
Vegetable oils contained higher levels of linoleic
acid (and a small amount of linolenic acid in the
case of rapeseed oil) than lard, which increased
their sensitivity against oxidative degradation.

We were interested mainly in the contents of
oxidation and polymerisation products which
are important from the standpoint of food safety.
The acid value changes were negligible (less than
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0.2 mg/g between the original sample and the last
one) under the experimental conditions of this
study in preliminary experiments. This observa-
tion is in agreement with the literature data (TaAN
et al. 2001). Therefore, the acid value was not
included as a marker of deteriorative changes in
our experiments. In our preliminary experiments,
changes of the fatty acid composition were found
very low between the original sample and the last
one (40 min microwave heating), even in the case
of linoleic and linolenic acids. The results with
the original and the heated samples did not dif-
fer significantly, and were not due to systematic
changes. The difference did not exceed twice the
standard deviation of the analysis. They were not
statistically significant (o = 0.05). On the contrary,
degradative changes were very pronounced in the
case of eicosapentaenoic (EPA) and docosahexae-
noic acids (DHA) under similar microwave heating
conditions (BEDNAROVA 2004). Therefore, it was
not found necessary to determine the time course
of the changes in the fatty acid composition un-
der our experimental conditions. The changes of

tocopherols during microwave heating of edible
oils were studied by YosHIDA ef al. (1991, 1993,
2002). Therefore, it was considered as unneces-
sary to repeat their experiments under our heating
conditions.

Changes of hydroperoxides content
during microwave heating

The changes of the peroxide value during mi-
crowave heating are shown in Table 2. Differences
between the duplicate series of experiments were
not statistically significant. The peroxide value is
a measure of the content of hydroperoxides, which
are primary oxidation products. The peroxide value
rose at high rate only after the end of the induction
period, i.e. after 6 min heating in the case of lard,
when the temperature reached about 150°C. Lard
has a low polyenoic acid content so that hydroper-
oxides in lard, being mostly monoenoic products,
are relatively stable. Therefore, the peroxide value
continued to increase till the end of heating. Con-
trary to lard, the linoleic acid content is high in

Table 2. Changes of the peroxide value (meq/kg) during microwave heating

Heating time (min) Pork lard Ol

sunflower rapeseed Virginia peanut ~ SunOleic peanut

0 0.41 0.30 0.25 2.7 3.4

3 0.41 0.35 0.29 2.8 3.4

6 0.48 1.14 0.36 3.4 3.4

9 1.52 7.39 2.53 3.0 2.5

P 12 2.45 9.54 5.48 2.7 26

E 15 4.09 10.59 6.61 1.3 1.4

20 4.85 10.64 6.77 1.3 1.0

25 6.13 9.69 6.38 1.3 1.0

30 6.73 10.00 6.04 1.5 0.9

40 7.13 6.00 4.61 2.0 1.0

0 0.41 0.30 0.25 2.7 3.4

0.41 0.49 0.29 29 3.8

6 0.49 5.65 0.34 3.6 3.6

1.75 6.69 2.65 2.6 22

2 12 3.81 9.49 5.84 2.5 2.6

§ 15 4.49 8.97 6.32 1.3 1.3

20 5.04 7.36 7.04 1.1 0.8

25 5.68 6.30 6.82 1.5 1.0

30 6.88 6.45 6.18 1.7 1.1

40 7.66 7.58 5.06 24 0.8
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sunflower oil. This is the reason why the peroxide
value started to increase rapidly, already after 3 min
heating. However, polyenoic hydroperoxides are
rather unstable at temperatures over 60°C, the
hydroperoxide maximum is soon reached (after
15 min), and thus the peroxide value started to
decrease again after prolonged heating because the
rate of hydroperoxide decomposition exceeded that
of hydroperoxide formation. The same behaviour
was observed with rapeseed oil, only the peroxide
maximum was lower than in sunflower oil because
of a lower concentration of polyenoic fatty acids.
Another high-polyenoic acid oil used for food con-
sumption — corn oil, showed a similar behaviour
on heating (VIEIRA & REGILANO-D’ARCE 1999).
SEKRETAR et al. (2000) determined the changes
of the peroxide value during the microwave heat-
ing of lard, rapeseed, and sunflower oils (i.e. the
same oil as used in the present experiments). They
obtained higher peroxide values, which can be
explained by a lower temperature (155°C) used in
their experiments, in comparison with 180-200°C
used in our experiments. The decomposition of

polyenoic hydroperoxides proceeds very rapidly
with increasing reaction temperature. Oxygen
dissolved in the lipid fraction was exhausted less
rapidly at 155°C than in our experiments at 200°C,
and the oxygen consumed in oxidation reactions
was more easily supplied by diffusion from the
atmosphere. Both peanut oils used in these ex-
periments were not refined, therefore, the original
peroxide value was relatively high, but it changed
only a little because of the lower content of lino-
leic acid (especially in the case of SunOleic oil),
the absence of linolenic acid, and the presence of
phospholipids which accelerate the hydroperoxide
decomposition (POKORNY & ScHMIDT 2001). On
the contrary, the acid value was higher than that
in refined oils, and free fatty acids increase the
rate of oxidation (YOsHIDA et al. 1992).

Changes of conjugated double bond systems
During the formation of linoleic acid hydroperox-

ides, the pentadienoic double bond system becomes
conjugated. The content of conjugated dienes is

Table 3. Changes of the content of conjugated dienes (% w/w) during microwave heating

Heating time (min) Pork lard oil

sunflower rapeseed Virginia peanut ~ SunOleic peanut

0 0.18 0.31 0.25 0.51 0.03

3 0.18 0.31 0.25 0.52 0.03

6 0.20 0.32 0.26 0.55 0.04

9 0.20 0.38 0.27 0.53 0.04

5 12 0.21 0.41 0.32 0.57 0.05

5 15 021 0.35 0.34 058 0.06

20 0.21 0.38 0.37 0.56 0.06

25 0.23 0.42 0.39 0.58 0.09

30 0.27 0.49 0.43 0.59 0.08

40 0.29 0.68 0.52 0.66 0.07

0 0.18 0.31 0.25 0.51 0.03

0.18 0.31 0.31 0.51 0.03

6 0.18 0.39 0.31 0.53 0.04

0.19 0.38 0.32 0.53 0.06

P 12 0.20 0.34 0.36 0.51 0.03

;,5) 15 0.20 0.38 0.37 0.56 0.07

20 0.20 0.42 0.40 0.56 0.09

25 0.24 0.55 0.41 0.56 0.10

30 0.30 0.55 0.47 0.57 0.12

40 0.31 0.57 0.56 0.70 0.09
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shown in Table 3. Differences between the dupli-
cate series of experiments were not statistically
significant. Still more pronounced increase of
the dienoic conjugation than that found in our
experiments was observed in the case of microwave
heating of corn oil (VIEIRA & REGITANO-D’ARCE
1999). Conjugated trienes were present only in
traces below 0.05% (e.g. the conjugated trienoic
derivatives in Virginia peanut oil were equal to
0.0044 at the beginning of heating, they rose to
0.0195% after 20 min and to 0.0375% after 40 min)
so that their content is not shown in Table 3, even
though the content rose very slightly during the
heating. These experimental results are in agree-
ment with the expectation because the formation of
conjugated -C=C-C=C-C=C- double bond system
is improbable even in the case of linolenic acid
oxidation. The —C=C-C=C-C=0 systems are more
probable, and could interfere with the measure-
ment at 268 nm.

Conjugated dienes were formed parallelly with
hydroperoxide formation. About 1% of conju-
gated dienes corresponds to the peroxide value
of 295 meq/kg (POKORNY & MARES 1958). As
evident from Table 3, the increase of the content of
conjugated dienes was higher than the respective
increase of hydroperoxides. Some hydroperoxides
obviously decompose without losing the conju-

A

gated double bond system, e.g. by decomposition
into 2, 4-alkadienals (KAMAL-ELDIN 2003). Some
alkadienals are typical components of fried flavour
(PoxoRrRNY 1989).

Low peroxide values and dienoic conjugation
could explain the negligible changes of essential
fatty acids observed during the microwave heat-
ing as reported in the literature (COSSIGNANI
et al. 1998; Kim & Joo 1995; HASSANEIN et al.
2003), which is in agreement with the results of
our preliminary experiments.

Changes of polymers

Very important degradation products of fry-
ing and similarly heated oils are polymers. Their
changes are presented in Table 4. Differences in
the polymer content between the duplicate se-
ries were not significant. Fresh lard contains no
polymers, and their formation on heating is only
slow because of low polyenoic acid content, but
at heating temperature of about 200°C even mo-
noenoic and saturated fatty acids polymerise. The
same was valid for non-deodorised peanut oils.
Virginia peanut oil containing 33% linoleic acid
polymerised quicklier than SunOleic peanut oil
containing only 3% linoleic acid. Slow polymerisa-
tion of high-oleic peanut oil is in agreement with

og
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Table 4. Changes of the content of polymeric products (% total peak area) during microwave heating

Heating time (min) Oil
Pork lard sunflower rapeseed Virginia peanut ~ SunOleic peanut

0 trace 1.25 0.35 0.18 0.18

3 trace 1.25 0.40 0.18 0.19

6 trace 1.33 0.40 0.24 0.24

9 trace 1.53 0.45 0.25 0.23

:‘3 12 trace 1.69 0.47 0.30 0.24
;%:J 15 trace 1.72 0.61 0.41 0.28
20 trace 2.14 0.95 0.68 0.34

25 0.35 2.60 1.28 0.83 0.37

30 1.07 2.99 1.89 0.98 0.35

40 1.29 5.00 2.75 1.41 0.38

0 trace 1.25 0.35 0.18 0.16

trace 1.25 0.35 0.22 0.20

trace 1.44 0.39 0.27 0.27

trace 1.60 0.38 0.26 0.26

9 12 trace 171 0.56 0.33 0.26
;g):) 15 trace 1.87 0.60 0.42 0.32
20 trace 2.71 0.94 0.72 0.37

25 0.35 3.10 1.28 0.87 0.38

30 1.09 3.71 1.59 1.03 0.40

40 1.87 3.85 2.55 1.43 0.42

its better resistance against oxidation both in bulk
oil (PARKANYIOVA et al. 2000) and in emulsion
(ZAINUDDIN et al. 2004).

Rapeseed and sunflower oils were refined and
deodorised at high temperatures, when traces
of polymers are always formed. Therefore, small
amounts of polymers were found even in fresh
oils. Tocopherols prevented the oxidation and po-
lymerisation at low temperatures so that polymers
were formed at a higher rate only at temperatures
above 150°C. Polymerisation was more rapid in
sunflower oil because of the high linoleic acid
content, especially during the microwave heating
to 200°C. The degree of 10—12% polymers consid-
ered as limiting in frying oils (MARQUEZ-Ru1Z &
DOBARGANES 1996; VITRAC et al. 2003) was not
obtained even after 40 min heating.

The degree of polymerisation was proportional to
the logarithm of polyenoic acid content after both
20 min (Figure 2A) and 40 min heating (Figure 2B).
It means that, at a higher polyenoic acid content,

the oxidative degradation is faster, and therefore,
the polymer formation is also faster. No kinetic
conclusions can be made from the logarithmic
dependence because the polymerisation reaction is
a secondary reaction with no direct dependence on
the polyenoic acid content. In the case of sunflower
and rapeseed oils, slow polymerisation started from
the beginning of heating when the temperature
exceeded 100°C. In the case of lard, which is less
unsaturated than rapeseed or sunflower oils, the
content of free radicals was also lower in heated
lard in comparison with edible oils. Therefore, the
recombination of free radicals in lard, resulting in
the formation of dimers or higher oligomers, was
less probable than the formation of monomeric or
cleavage products resulting from other secondary
reactions (POKORNY 1987). A lag period was ob-
served at the beginning of microwave heating. The
polymerisation could proceed at a measurable rate
only when sufficient amounts of hydroperoxides and
their decomposition products had accumulated.
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CONCLUSIONS

Pork lard and vegetable oils were oxidised only
moderately during short microwave heating (up
to 20 min), but more intensive oxidation was ob-
served after 40 min. Hydroperoxides formed slowly
at the beginning of heating, before the tempera-
ture increased to about 150°C, even in the case of
polyenoic oils, as a short lag period was observed.
At temperatures of about 200°C, however, the
polyenoic hydroperoxides decomposed, and only
lard showed a slow increase. Conjugated dienes
were better markers of oxidative deterioration
than hydroperoxides, especially at later stages of
microwave heating. The content of conjugated
trienoic acids was too low to be significant. Poly-
mers were slowly formed in polyenoic vegetable
oils, when the temperature increased to 200°C,
but their content was higher only in sunflower and
rapeseed oils; they were very scarce in lard and in
high-oleic sunflower oil. The oxidative state and
polymerisation of lipids after microwave heating
under conditions commonly used in culinary tech-
nology leads to the conclusion that, in most cases,
deteriorative changes are only small so that lipids
after heating of up to 40 min may be considered
as suitable for human consumption.

References

ALBI T, LANZON A., GUINDA A., LEON M., PEREZ-CA-
MINO M.C. (1997a): Microwave and conventional hea-
ting effects on thermo-oxidative degradation of edible
fats. Journal of Agricultural and Food Chemistry, 45:
3795-3798.

ALBIT, LANZON A., GUINDA A., PEREZ-CaMINO M.C,,
LEON M. (1997Db): Microwave and conventional heating
effects on some physical and chemical parameters of
edible fats. Journal of Agricultural Food Chemistry,
45: 3000-3003.

BARRINGER S.A. (1995): Experimental and predictive
heating rates of microwave food systems. Dissertation
Abstracts International B, 55: 4188.

BEDNAROVA K. (2004): Zmény lipidi béhem mikrovinného
ohfevu potravin. [MSc. Diploma Work.] Institute of
Chemical Technology, Prague.

Caronio F., PASQUALONE A., BiLANcIiA M.T., SAcco
D., DELcUrRATOLO D., GoMEs T. (2001): Measure of
thermo-oxidation of vegetable oils microwave-heated
in model systems. Industrie Alimentari, 40: 628—632.

Coss1GNANI L., SIMONETTI M.S., NERI A., DAMIANI P.
(1998): Changes in olive oil composition due to micro-

238

wave heating. Journal of American Oil Chemists’ Society,
75:931-937.

FARAGR.S., HEWEDI EM., ABU-RAILA S.H., EL-BAROTY
G.S. (1992): Comparative study of the deterioration of
oils by microwave and conventional heating. Journal
of Food Protection, 55: 722-727.

GERTZ C. (2004): Optimising the baking and frying process
using oil-improving agents. European Journal of Lipid
Science and Technology, 106: 736-745.

HASSANEIN M.M., EL-SHAMI S.M., EL-MALLAH M.H. (2003):
Changes occurring in vegetable oils composition due
to microwave heating. Grasas y Aceites, 54: 343—349.

KaMAL-ELDIN A. (2003): Lipid Oxidation Pathways.
AOCS Press, Champaign.

Kim E.-M,, Joo K.-J. (1995): Oxidative stability of fatty
acids and tocopherols in the fats and oils during micro-
wave heating. Journal of Korean Society of Foods and
Nutrition, 24: 234—241.

KNAUFT D.A., MOORE K.M., GORBET D.W. (1993): Further
studies on the inheritence of fatty acid composition in
peanut. Peanut Science, 20: 74-76.

MARINOVA E., YANISHLIEVA N., TONEVA A., PSOMIADOU
E., Tsimipou M. (2001): Changes in the oxidation
stability and tocopherol content in oils during micro-
wave heating. Rivista Italiana delle Sostanze Grasse,
78: 529-533.

MARQUEZ-RUIZ G., DOBARGANES M.C. (1996): Nut-
ritional and physiological effects of used frying fats.
In: PERKINS E.G., ERICKSON M.D. (eds): Deep Frying.
AOCS Press, Champaign: 160—182.

O’KeEerE S.F., WiLEY V.A., KNAUFT D.A. (1993): Compa-
rison of oxidative stability of high- and normal-oleic
peanut oils. Journal of American Oil Chemists’ Society,
70: 489-492.

PaQuort C., HAUTFENNE A. (1987): Standard methods
for the analysis of oils, fats and derivatives. 7 Ed.
Blackwell Scientific Publication, Oxford.

PARKANYIOVA L., TROJAKOVA L., REBLOVA Z., ZAINUD-
DIN A., NGUYEN H.T.T.,, SAKURAI H., MIYAHARA M.,
POKORNY J. (2000): Resistance of high-oleic acid peanut
oil against autoxidation under storage and deep frying
conditions. Czech Journal of Food Sciences, 18 (Special
Issue): 125-126.

POKORNY J. (1987): Major factors affecting the autoxidation
of lipids. In: CHAN H.W.-S. (ed.): Autoxidation of Unsa-
turated Lipids. Academic Press, London: 141-206.

POKORNYJ. (1989): Flavor chemistry of deep fat frying in
oil. In: MiN D.B., SMoust T.H. (eds): Flavor Chemistry
of Lipid Foods. The American Oil Chemists’ Society,
Champaign: 113-155.

POKORNY J., MARES E. (1958): Oxidace ethylesterti mast-
nych kyselin a thermicky rozklad oxydacnich produkta.



Czech J. Food Sci.

Vol. 23, No. 6: 230-239

In: Sbornik VSCHT v Praze, Oddil Fakulty Potravinai'ské
Technologie, 2: 221-248.

POKORNY J., SCHMIDT S. (2001): Natural antioxidants
functionality during food processing. In: POKORNY J.,
YANISHLIEVA N., GORDON M. (eds): Antioxidants in
Food. Practical Applications. Woodhead Publishing
Ltd., Cambridge: 331-354.

PROSETYA H., DATTA A. (1991): Batch microwave heating
ofliquids; an experimental study. Journal of Microwave
Power and Electromagnetic Energy, 26: 215-226.

REBLOVA Z. (1999): Degradace lipidii za vysoké teploty. [PhD.
Thesis.] Institute of Chemical Technology, Prague.

REGULSKA-ILOW B., ILow R., SzymczaKk J. (1997): Eva-
luation of lipid oxidation and hydrolysis of vegetable
fats during conventional and microwave cooking. Bro-
matologia, Chimia, Toksykologia, 30: 137-141.

Sakural H,, YaAmAkI T., KumaGgal H,, NGuyexn HT.T,,
ZAINUDDIN A., TROJAKOVA L., POKORNY J. (1999):
Oxidative stability of conventional and high-oleic pea-
nut oils with aspect of their application in functional
foods. In: Proceedings on Functional Foods, Technical
University, Budapest: 784—790.

SEKRETAR S., ZELENKA M., SCHMIDT S. (1997): Effects of
natural antioxidants on light and microwave accelerated
oxidation in lard. Chemické listy, 91: 711-712.

SEKRETAR S., SIVAKOVA J., HORODNIKOVA D., SCHMIDT S.
(1998): Externé faktory oxiddcie jedlych tukov a olejov.
In: Sbornik prednasek XXXVI. semindre z technologie
a analytiky tukd, Strakonice: 154—157.

SEKRETAR S., SCHMIDT S., NIKLOVA L., KovA¢& M. (2000):
Degradation effects of microwave heating on fats.
Czech Journal of Food Sciences, 18 (Special Issue):
127-128.

TAN C.P, CHE MAN Y.B,, JINAP S., YUSOFF M.S.A. (2001):
Effects of microwave heating on changes in chemical
and thermal properties of vegetable oils. Journal of
American Chemical Society, 78: 1227-1232.

Vieira T.M.E.S., REGITANO-D’ARCE M.A.B. (1999): Ul-
traviolet spectrophotometrie evaluation of corn oil
oxidative stability during microwave heating and oven
text. Journal of Agricultural and Food Chemistry, 47:
2203-2206.

VIEIRA T.M.ES., REGITANO-D’ARCE M.A.B. (2001): Canola
oil thermal oxidation during oven test and microwave
heating. Lebensmittel-Wissenschaft und -Technologie,
34: 215-2109.

VITRAC O., TRYSTRAM G., RAOULT-WACK A.-L. (2003):
Procédé de friture et produits frits. In: GRAILLE . (ed.):
Lipides et Corps Gras Alimentaires. Lavoisier, London,
Paris, New York: 231-273.

YosHIiDA H. (1993): Influence of fatty acids of different
unsaturation in the oxidation of purified vegetable oils
during microwave irradiation. Journal of Science of
Food and Agriculture, 62: 41-47.

YosHipA H., HIRAKAWA Y., ABE S., M1zZUSHINA Y. (2002):
The content of tocopherols and oxidative quality of oils
prepared from sunflower seeds roasted in a microwave
oven. European Journal of Lipid Science and Techno-
logy, 104: 116-122.

YosHIDA H., HIRAKAWA Y., TOMIYAMA Y., MITSUSHINA
Y. (2003): Effects of microwave treatment on the oxida-
tive stability of peanut oils and the molecular species
of their triacylglycerols. European Journal of Lipid
Science and Technology, 105: 351-358.

YosHipA H., HIRookaA N., KajimoTo G. (1991): Micro-
wave heating effects on relative stabilities of tocopherols
in oils. Journal of Food Science, 56: 1042—1046.

YosHIDA H., KajimoTO G., EMURA S. (1993): Antioxidant
effects of d-tocopherols at different concentration in
oils during microwave heating. Journal of American
Oil Chemists’ Society, 70: 989-995.

YosHipA H., Konpo I, KajiMOTO G. (1992): Participation
of free fatty acids in the oxidation of purified soybean
oil during microwave heating. Journal of American Oil
Chemists’ Society, 69: 1136—1140.

ZAINUDDIN A., PARKANYIOVA J., PARKANYIOVA L., Po-
KORNY J., SAKURAI H. (2004): Comparison of oxidative
resistance of traditional and high-oleic peanut oils in
emulsions. Czech Journal of Food Sciences, 22 (Special
Issue): 136—138.

ZHANG G.Y.,, Guo Z.Y,, L1 L., Ca1 M.Y. (2000): Compara-
tive study of the effects of microwaves and conventional
heating on vegetable oil temperature and oxidative
stability. Food Science, China, 21: 21-29.

Received for publication July 1, 2005
Accepted after corrections August 29, 2005

Corresponding author:

Doc. Ing. JANA DosTALOVA, CSc., Vysokd $kola chemicko-technologickd v Praze, Fakulta potravinaiské a biochemické

technologie, Ustav chemie a analyzy potravin, Technicka 5, 166 28 Praha 6, Ceska republika
tel.: + 420 220 443 264, fax: + 420 233 339 990, e-mail: jana.dostalova@vscht.cz

239



