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Evolution of oxidation during storage of crisps and french fries prepared
with sunflower oil and high oleic sunflower oil
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SUMMARY

Evolution of oxidation during storage of crisps and
french fries prepared with sunflower oil and high oleic
sunflower oil

Storage studies were carried out to define the behaviour of
both conventional and high oleic sunflower oils in the industrial
preparation of crisps and prefried french fries. Samples of crisps
and prefried french fries were stored during 6 and 21 months,
respectively, and evolution of oxidation was compared with that
of the more saturated fats normally used for the preparation of
both products, i.e., palm olein and hydrogenated rapeseed/palm
oil mixture. Total oxidation compounds, a-tocopherol content, as
well as monomeric and dimeric triglycerides, were quantitated in
lipids from fried products after different time periods. Results
obtained for crisps at room temperature indicated that only
conventional sunflower oil underwent significant oxidation after 6
months. In the case of prefried french fries, maintained at freezer
temperatures, no appreciable changes were found after 21
months storage, thus indicating that both sunflower oils can be
good alternatives to saturated fats.
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1. INTRODUCTION

Results of industrial trials demonstrated that
conventional and high oleic sunflower oils had an
excellent behaviour in the preparation of crisps and
french fries due to the good manufacturing practices
applied (Niemelé et al., 1996; Sebedio et al., 1996).
However, for using sunflower oils as an alternative to
saturated fats it is necessary not only to guarantee a
good frying performance but also to ensure an
appropiate shelf life of the fried products.

Crisps and french fries are normally stored at room
and freezer temperature, respectively, and a high
quality of the products has to be maintained at least
during their commercialization period, normally 3 and
18 months, respectively. Thus, chemical evaluation of
oxidation during storage, complementary to sensory
analyses (Gemert, 1996; Raoux et al., 1996), is of
great interest to definitively evaluate the behaviour of
sunflower oils as substitutes for saturated fats.
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Towards this end, an useful methodology has been
developed, which allows follow-up of oxidation during
the early stages, before appearance of rancidity
(Marquez-Ruiz et al., 1996). It was found that
quantitation of oxidized triglyceride monomers,
comprised of all triglyceride monomers with at least one
fatty acyl oxidized, regardless of the type of functional
group, is of great utility as it provides a direct
measurement of the primary and secondary oxidation
products during the first stages of oxidation. On other
hand, the increase in polymerization compounds
denotes the end of the induction period and the onset
of advanced stages of oxidation.

In this paper, total oxidation products as well as
monomeric and dimeric triglycerides as good
indicators of the early and advanced stages of
oxidation, have been quantitated in lipids from crisps
and french fries prepared with conventional and high
oleic sunflower oils. Samples were stored for 6 and 21
months, respectively, and evolution of oxidation during
storage has been compared with that of saturated fats,
normally used for the preparation of both products.

2. EXPERIMENTAL
Samples and storage conditions

Crisps were prepared industrially with sunflower oil
(SO) and high oleic sunflower oil (HOSO), both
without and with 2 mg/kg of dimethylpolysiloxane
(DMPS) added. Crisps fried in palm olein (PO) were
used as reference samples. Initial food lipids as well
as those obtained after storage of crisps at room
temperature for 15 and 25 weeks were analysed.

An accelerated test at 60°C in an oven was also
carried out during 35 days. Samples of food lipids
were analysed after several storage periods.

French fries were prepared with SO and HOSO
and stored in a freezer at -20°C. For these products,
two partially hydrogenated rapeseed-palm oil mixtures
(RP1 and RP2) were used as reference fats. Lipids
from french fries were analysed after storage for 8 and
21 months.
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Samples of crisps and french fries were taken out
after 20 and 48 hours of continuous frying, respectively
(Niemela et al, 1996), and the period controlled under
normal storage conditions was 3 months longer than the
maximum commercialization period for both products.

Analytical determinations

— Potatoes were ground and freeze-dried, and the
lipids were obtained by 6 hours Soxhlet extraction
(AENOR, 1991), using diethyl ether as solvent.

— Total oxidation compounds were evaluated by
means of polar compound determination (IUPAC,
1987). Formation of dimers and oxidized monomers
during storage was determined by size-exclusion
chromatography of total oxidation compounds isolated
previously (Dobarganes et al, 1988).

—a-tocopherol was quantitated by IUPAC Standard
method (IUPAC, 1992).

— Oil stability index (OSI) was evaluated by means
of a Rancimat apparatus at 100°C (AOCS, 1994)
using 59 of crisps or ground, freeze-dried french fries.

3. RESULTS AND DISCUSSION

Table | shows the evolution of total oxidation
compounds and oxidized triglyceride monomers
(oxTGM) in crisps stored at room temperature. The
other groups of specific compounds separated by
means of exclusion chromatography, i.e. triglyceride
polymers, dimers, oxidized monomers, diglycerides
and fatty acids, are not included in the table since they
remained practically at the initial levels. By comparing
the results for the different oils, it is clearly deduced
that only sunflower oil (SO and SODMPS) crisps
showed a considerable rise in oxidation compounds
specifically attributable to an increase in oxTGM and
changes from initial values were significant even at 15
weeks. In contrast, high oleic sunflower oil (HOSO and
HOSODMPS) samples presented roughly the same
oxidation levels as initially after 25 weeks, thus
showing an excellent shelf-life at room temperature.
Parallel results for a-tocopherol contents and oil
stability index values are given in Table |l wherein the
loss of stability against oxidation in sunflower oil crisps
(2.5 hand 2.6 h vs. 9.3 h at the starting point) can be
noted even if a-tocopherol levels after 25 weeks
remained high. For high oleic sunflower oil samples
only a slow decrease in stability was observed, while
PO crisps did not change during the controlled period.

Comparison of samples without and with DMPS
added also allowed evaluation of DMPS action during
storage. In previous studies, variable results were
obtained. For instance, Rhee found that flavor,
peroxide value and color of the oils were similar after
storage of 95% soybean/5% cotton oil for one year
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without and with DMPS added (Rhee,1978).
Nevertheless, Kusaka et al; in storage at room
temperature and 55°C reported a slight antioxidative
effect on peroxide values in oils with DMPS added,
suggesting that it may be active at both low and high
temperatures (Kusaka et al., 1980). Finally, Snyder et
al. evaluated the oxidative and thermal stability of
hydrogenated soybean oils and found that DMPS
addition to the oils had practically no effect on volatile
and peroxide values after storage at 60°C for 8 days.
However, after storage of bread fries for 4 days at
60°C, DMPS showed a great effect (Snyder et al.,
1986). Although no explanation is given on such
differences between oils and bread fries, the latter
results do not seem to be due to a positive effect of
DMPS during storage but to the previous action of
DMPS during frying. Protection of the oil against
oxidation at high temperature clearly prolongs the
subsequent storage period of the fried product, as we
have recently found (Jorge et al., 1995). However,
under the conditions used in the present study,
samples without and with DMPS added where
practically identical before and after storage, thus
indicating that DMPS had not been active neither
during industrial continuous frying at high temperature
(Sebedio et al., 1996) nor during storage.

Table |
Evolution of total oxidation compounds
and oxidized triglyceride monomers (oxTGM)
during storage of crisps at room temperature

(wt% on oil)
Initial 15 weeks 25 weeks
SO Total 5.2 7.5 10.2
oxTGM 1.5 3.7 6.1
SO DMPS Total 5.6 8.0 10.3
oxTGM 1.6 4.1 6.4
HOSO Total 4.9 4.8 5.2
oxTGM 1.2 1.2 1.6
HOSO DMPS Total 5.2 5.2 5.6
oxTGM 1.3 1.5 1.7
PO Total 8.9 8.6 8.9
oXTGM 1.1 1.2 1.1

Abbreviations: SO, sunflower oil; HOSO, high oleic sunflower oil;
DMPS, dimethylpolysiloxane; PO, palm olein

Results obtained here at room temperature were in
agreement with those of peroxide values and hexanal
contents (Lahtinen et al., 1996) as well as for sensory
evaluation (Gemert, 1996; Raoux et al., 1996). Overall,
they indicate that HOSO would be an excellent oil for the
preparation of crisps while SO, as expected, was much
more sensitive to oxidation during storage. Considering
that high quality oils and good frying practice were
applied in this study, it is evidenced that conventional
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sunflower oils should only be used for frying in case of
short commercialization periods which could ensure the
consumption of high quality crisps.

Table Il
Evolution of a-tocopherol contents (a-toc)(mg/Kg)
and oil stability index (OSI) (hours) during
storage of crisps at room temperature

Initial 15 weeks 25 weeks
SO a-toc 606 545 497
OSI 9.3 3.9 25
SO DMPS a-toc 580 528 507
oSl 9.3 4.1 2.6
HOSO a-toc 571 589 576
osl 21.8 18.6 18.5
HOSO DMPS  a-toc 584 568 554
oSl 21.7 19.6 16.6
PO a-toc 207 209 198
oSl 38.5 42.0 42.2

For abbreviations, see Table |

Accelerated oxidative assays at 60°C were carried
out in oven to examine the course of oxidation at more
advanced stages. Results obtained for total oxidation
products are shown in Table lll, while evolution of a-
tocopherol levels and oil stability index values during
storage are included in Table IV. Samples of SO and
SODMPS crisps after 11 days had similar oxidation
levels as those reached after 25 weeks at room
temperature, and stability against oxidation was
almost lost. This point (11 days) was very close to the
end of the induction period, as indicated by the large
increase of total oxidation products in just three days
(from day 11 to day 14) in SODMPS crisps.

For HOSO and HOSODMPS, the rise in total
oxidation compounds was gradual but, unlike SO and
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SODMPS, oxidation had still not entered the accelerated
stage after 35 days, thus indicating that the end of the
induction period had not been reached yet. Paim olein,
as expected, showed the slowest oxidation rate.

Table IlI
Evolution of total oxidation compounds
during storage of crisps at 60°C (wt% on oil)

Initial  6days 11days 14days 21days 28days 35days
SO 55 77 111 - 873 - 890
SO DMPS 56 74 125 713 - 845 -
HOSO 49 56 57 - 75 - 146
HOSODMPS 52 49 56 64 - 107 -
PO 89 95 93 - - 119 107

For abbreviations, see Table |

Figure 1 shows evolution of oxidized triglyceride
monomers, the only group of compounds formed in
HOSO, HOSODMPS and PO after 35 days. In
contrast, in the case of SO and SODMPS crisps,
oxTGM contents increased drastically after 11 days
even though the maximum amount obtained was
around 30% lower than that of total oxidation
compounds due to the parallel formation of
polymerization compounds. This is well illustrated in
Figure 2 where data for both sunflower oils, SO and
SODMPS, have been combined given the similar
evolution followed by both oils as a result of the lack of
effect of DMPS. As can be observed, as a
consequence of the sharp increase in oxidation
monomers, oxidative polymerization occurred in
parallel and, as oxidation progresses, intermediate
compounds, i.e. oxidized monomers and dimers,
tended to stabilize or even decrease because of their
participation in the formation of the most stable
compounds, triglyceride polymers.

Table IV
Evolution of a~tocopherol (a-toc) (mg/Kg) and oil stability index (OSI) (hours)
during storage of crisps at 60°C

Initial 6 days 11 days 14 days 21days 28days 35days
SO a-toc 595 394 201 - n.d.
(O] 9.4 4.1 1.8 - 0
SO DMPS a-toc 561 315 73 n.d.
(O] 9.6 3.7 1.1 0
HOSO a-toc 597 575 487 - 365 - n.d.
(OR] 24.0 18.9 14.7 - 7.4 - 1.2
HOSO DMPS  a-toc 581 562 454 409 - 312 -
(OR] 23.7 18.2 13.2 10.2 - 2.3 -
PO a-toc 207 199 201 - - - 64
oSl 48.3 - 441 - - 26.5 20.4

For abbreviations, see Table |
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Table IV shows changes in a-tocopherol and
induction times during accelerated storage test at
60°C. Oil stability index at 100°C for SO and SODMPS
was close to 0 after 11 days thus denoting that the
end of the induction period was being reached. Similar
values were found for HOSO after much longer
storage, 35 days, while PO was the most stable oil.

It is interesting to note that results for a-tocopherol
contents at 60°C clearly differed from those obtained
at room temperature. By comparing Tables Il and IV
for SO and SODMPS, it is easily deduced that the loss
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of a-tocopherol was much more rapid at 60°C and that
there is not a clear relationship between tocopherol
content and either total oxidation products or oil
stability index values. Levels of a-tocopherol remaining
after storage of sunflower oils for 6 days were much
lower than those found after 25 weeks even though oil
stability index values were significantly higher. This
would indicate that evolution of oxidation clearly
depended on temperature, and hence it is difficult to
extrapolate results obtained at different temperatures
(Frankel, 1993).
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Figure 1

Evolution of oxidized triglyceride monomers (oxTGM) in crisps prepared with sunflower oil, without (SO) and with DMPS
added (SODMPS), high oleic sunflower oil, without (HOSO) and with DMPS added (HOSODMPS) and palm olein (PO), during storage at 60°C
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Figure 2
Evolution of oxidized triglyceride monomers (oxTGM), dimers (TGD) and polymers (TGP) in crisps prepared with sunflower oil, during
storage at 60°C
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Finally, Table V includes values of total oxidation
compounds and oxTGM in french fries after 8 and 21
months at -20°C. Initial data correspond to the frying
oils as french fries were provided after 7 months
storage at freezer temperature and, consequently,
could not be analysed at the initial point. As can be
observed, only in the case of SO was a small increase
in oxidized triglyceride monomers obtained.
Nevertheless, after 21 months, oil stability index was
still 5 h and a-tocopherol remained at the initial levels
thus indicating that the end of the induction period was
far from being reached. The other oils did not undergo
any appreciable change during the period controlled.

Table V
Evolution of total oxidation compounds and
oxidized triglyceride monomers (oxTGM) during
storage of french fries at freezer temperature
(wt% on oil)

Initial 8 months 21 months

SO Total 7.4 8.5 8.7
oxTGM 2.2 2.5 3.5
HOSO Total 7.4 7.8 7.9
oXTGM 2.2 2.4 2.7
RP1 Total 7.0 7.1 7.1
oxXxTGM 2.1 2.0 2.1
RP2 Total 7.5 7.8 7.4
oxTGM 2.2 2.1 2.2

Abbreviations: SO, sunflower oil; HOSO, high oleic sunflower oil;
RP, partially hydrogenated rapeseed—palm oil mixture.

Based on the data obtained, it is concluded that
both oils could be used as alternatives to saturated
fats for products maintained at freezer temperatures.
Moreover, due to the high increase in the consumption
of prefried products, the use of liquid oils for the
prefrying step would be of particular utility in countries
where prefried foods are subjected to a second frying
operation before comsumption and liquid oils are used
for this final preparation. Otherwise, the concentration
of saturated fat in the frying medium would increase
because of the high proportion of fats solubilized from
the prefried food (Pérez-Camino et al, 1991).
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