
ABSTRACT: Sunflower oil (SO) and high-oleic sunflower oil
(HOSO) were used to prepare fried potatoes by either discon-
tinuous or continuous laboratory frying. Fried potatoes that had
been fried in oils of differing quality were stored at 60°C for up
to 30 d and evaluated for polar compounds, polymers, perox-
ide value, oil stability index, and α-tocopherol content. Results
obtained through the various methods applied were consistent
and indicated that the length of the induction period could not
be explained only on the basis of the degree of unsaturation or
polar compound levels in fried potatoes before storage. α-To-
copherol content also had a significant influence as potatoes
fried in HOSO, with 16% polar compounds and only 10 mg/kg
α-tocopherol at the starting point of storage, were oxidized
more rapidly than potatoes fried in SO with a comparatively
higher degradation level, 19% polar compounds, and 100
mg/kg α-tocopherol.
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Quality of used frying oils is highly variable and should be
controlled as oil degradation often surpasses limitations es-
tablished for rejection (1–5). Difficulties in controlling oil
degradation are due to variables such as continuous or dis-
continuous frying, surface-to-oil volume ratio, temperature,
oil unsaturation degree, and presence of naturally occurring
or added minor compounds (6–10). Among these, the influ-
ence of fatty acid composition is clearly demonstrated in re-
cent studies on genetically modified oils with low content of
polyunsaturated fatty acids, an alternative to saturated fats for
fried foods (11–17), and it has been reported that selection of
the best oil for frying could even differ depending on which
chemical and sensory methods are used for quality evaluation
(16,17). Also, previous publications on sunflower oil (SO)
and high-oleic sunflower oil (HOSO) as substitutes for palm
olein in industrial continuous frying operation demonstrated
excellent frying performance of both oils (18) although for
fried foods that are stored, stability against oxidation is also
required. Therefore, oxidation of fried potatoes was also stud-

ied in detail, and chemical (19,20) and sensory (21,22) evalu-
ations indicated, as expected, that shelf life mainly depended
on the oil unsaturation degree. However, in this study, the
chemical characteristics of the lipids in the fried products did
not differ substantially from those corresponding to the un-
used oils (18) because of the frying equipment used (23), and
thus the results obtained could be representative of high-qual-
ity fried foods. However, considering the high variability nor-
mally found in used frying oil quality, further research is
needed to compare stability of fried foods containing used
frying oils of different quality. 

The objective of this paper was to evaluate the oxidative sta-
bility of fried potatoes prepared in oils differing not only in
unsaturation degree but also in degradation level of the used
frying oils absorbed by the food. Samples for storage were
selected with different polar compound levels and tocoph-
erol contents.

MATERIALS AND METHODS

Samples. SO and HOSO were supplied by Medeol (Neuilly sur
Seine, France). Fatty acid compositions of major fatty acids for
SO and HOSO were: 7.0 and 4.3% palmitic acid; 5.0 and 4.5%
stearic acid; 21.5 and 73.0% oleic acid; and 65.1 and 16.4%
linoleic acid, respectively. Jaerla variety potatoes were pur-
chased locally.

Frying procedures. (i) Discontinuous frying. Commercial
electric 1 L fryers (Tefal S.A., Barcelona, Spain) each con-
taining 1 L of oil were used to prepare lots of 2 kg of fried
potatoes. Potatoes were peeled, cut into homogeneous (0.7 ×
0.7 × 6 cm) strips and washed with water. Ten batches of 200
g were fried in each oil for 10 min with 20-min intervals be-
tween frying operations. The initial temperature was 175ºC,
and no replenishments of oil were made. Total heating period
was 6 h, which included an initial heating period (50 min) and
a final heating period (30 min). Surface-to-oil volume ratio
changed from initially 0.3 to 0.4 cm−1 after the tenth frying
operation. Samples of frying oils and fried potatoes taken
after the tenth frying operation were kept at −30ºC and 60°C,
respectively, until further analyses.

(ii) Simulated continuous frying. Initial surface-to-oil vol-
ume ratio and temperature were similar to those for discon-
tinuous frying. Continuous frying was simulated by using two
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baskets to maintain the presence of the food in the fryer
throughout the heating period. Potatoes (6.4 kg) were fried in
each oil (32 lots × 10 min). A minimum initial heating period
of 20 min was necessary to establish the same temperature in
the fryers. Also, 250 mL of oil was added after 21st frying op-
eration to maintain a minimum amount of oil. Surface-to-oil
volume ratio changed from the initial 0.3 to 0.5 cm−1 after the
32nd frying operation. Samples of used frying oils, taken after
the first and 32nd frying operations, were kept at −30°C until
further analyses and at 60°C in the case of fried potatoes.

Storage conditions. Samples of 10 g of fried potatoes were
wrapped in aluminum foil and stored at 60°C in an oven for
up to 30 d. 

Analytical methods. Lipids were obtained from ground
freeze-dried potatoes by 6-h Soxhlet extraction (24) using di-
ethyl ether as solvent. Quantitation and distribution of polar
compounds were determined by a combination of adsorption
and high-performance size exclusion chromatography
(HPSEC) (25). α-Tocopherol was determined by high-perfor-
mance liquid chromatography and fluorescence detection
(26). Peroxide value was determined by iodometric assay
(27). Oil stability index (OSI) was evaluated at 100°C using a
Rancimat apparatus (28) with either 2.5 g of oil or 5 g of
freeze-dried potatoes.

RESULTS AND DISCUSSION 

Table 1 shows evolution of total polar compounds during
storage. Samples A, B, and C for SO and HOSO were se-
lected for storage because of their variations in both oil degra-
dation and tocopherol content. Samples A and B corre-
sponded to the first and 32nd frying operations of simulated
continuous laboratory frying (30 min and 5.7 h heating, re-
spectively), whereas samples C corresponded to the tenth fry-
ing operation in experiments of discontinuous frying (5.5 h
heating). Initial contents of polar compounds (day 0) in fried
potatoes primarily depended on the type of frying, much more
than on the degree of unsaturation (29) since values as low as
8.8 and 6.6% were found after 32 frying operations in contin-

uous frying vs. 19.0 and 16.0% after 10 frying operations in
discontinuous frying, for SO and HOSO, respectively. Polar
compounds, which represent the increase of total oxidation
products during storage, initially showed a slow increase,
until a certain point, after which a rapid rise was observed,
between 9 and 14 d for SO-A, 7 and 9 d for SO-B, 5 and 7 d
for SO-C, 28 and 30 d for HOSO-A, 21 and 28 d for HOSO-
B, and 2 and 3 d for HOSO-C. As previously established (19),
this point corresponded to initiation of the advanced oxida-
tion stage at the end of the induction period. Surprisingly, the
less unsaturated oil underwent the most rapid degradation
(HOSO-C), showing a shorter induction period than its coun-
terpart (SO-C). 

Figure 1 illustrates the increase of triglyceride polymers,
the major group of compounds among polar products in fry-
ing fats, during storage. Values for unused oils were 0.6 and
0.2% for SO and HOSO, respectively. It has been reported
that, during the early phase of oxidation, only oxidized
triglyceride monomers show a gradual increment, in parallel
to the development of primary oxidation products, and that
triglyceride polymers start increasing at the end of the induc-
tion period, indicating that oxidation has accelerated (30). In-
terestingly, a similar pattern was found here independently of
the initial level of polymers in the used frying oil retained in
food samples. Again, as observed through polar compounds
evaluation, HOSO-C showed the most accelerated degrada-
tion. Triglyceride polymers in oils were determined here by
HPSEC analysis of the isolated polar fractions (25) but can
be also analyzed directly in total oil samples, in only 15 min
(31). This easy determination is very valuable to show differ-
ences in induction periods.

Peroxide values are presented in Table 2. Data at day 0 do
not reflect the degradation oil level of fried potatoes since it
is known that at the high temperature of the frying process
decomposition of hydroperoxides is more rapid than their for-
mation (32,33). However, during storage at 60°C, evolution
of peroxides was consistent with that of polar compounds
(Table 1), both measurements being useful to follow the de-
velopment of oxidation. This was expected considering that,
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TABLE 1
Polar Compounds (wt% of oil) in Oils Extracted from Fried Potatoes Stored at 60°Ca,b,c

Storage period (d)

Sampled 0 2 3 5 7 9 14 21 28 30

SO-A 5.1 N.A. N.A. 8.0 N.A. 11.5 50.5
SO-B 8.8 N.A. 10.5 11.6 14.9 22.5
SO-C 19.0 19.6 N.A. 22.7 36.6

HOSO-A 4.6 N.A. N.A. N.A. 6.0 N.A. 6.8 7.5 9.6 15.2
HOSO-B 6.6 N.A. N.A. N.A. 6.9 N.A. 11.0 12.8 54.0
HOSO-C 16.0 18.5 30.2
aAbbreviations: SO, sunflower oil; HOSO, high-oleic sunflower oil; N.A., intermediate sample not analyzed.
bContent of polar compounds for initial oils was 2.8 and 3.1% for SO and HOSO, respectively.
cMoisture and lipid contents of fried potatoes were 20.2 and 28.6% on average, respectively.
dSamples A and B corresponded to the first and 32nd frying operations of simulated continuous laboratory frying (30 min
and 5.7 h heating, respectively), whereas samples C corresponded to the tenth frying operation in experiments of discontin-
uous frying (5.5 h heating). 



as previously reported, at ambient temperature and 60°C, the
increase in oxidation compounds before the end of the induc-
tion period is primarily attributable to the accumulation of ox-
idized triglyceride monomers containing acyl hydroperoxides
groups (30). On the other hand, the sudden rise in peroxide
values closely paralleled the sharp increase of polymers (Fig.
1) at the end of the induction period. 

OSI (Table 3) was determined directly in freeze-dried fried

potatoes throughout the storage period. Such results cannot
be compared with those obtained for oils since values have
been found higher when determined in foods (29,34). Thus,
the real decrease of stability due to frying cannot be directly
deduced from the initial values for the unused oils (9.1 and
20.4 h for SO and HOSO, respectively) and the results on
fried potatoes at the starting point of storage. However, data
on initial fried potatoes were consistent with results of polar
compounds and peroxide values. Also, the decrease observed
throughout the storage period was parallel to the increase in
the other quality parameters, thus indicating that stability at
100°C provided a good indication of the evolution of oxida-
tion at 60°C.

Decrease of α-tocopherol, included in Table 4, was essen-
tial to complete information on the progression of oxidation
in fried potatoes. As levels of α-tocopherol for unused oils
were of the same order (603 and 650 mg/kg for SO and
HOSO, respectively), changes during frying (data at day 0)
clearly showed that α-tocopherol was lost more rapidly in the
less unsaturated oil, as previously reported (35–38). Further-
more, concomitantly with higher losses of α-tocopherol,
HOSO reached lower degradation levels than their counterparts
SO (Table 1). However, as expected, the decrease of
α-tocopherol during storage was more rapid for the more un-
saturated oils as shown for samples with practically identical
initial contents of α-tocopherol (SO-B and HOSO-A). In par-
ticular, HOSO-C had a remarkably low content of α-tocopherol
(10 mg/kg) which was insufficient to delay oxidation, and this
may explain the results obtained for polar compounds and
polymers. These findings reveal some insight into the different
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FIG. 1. Evolution of polymers (wt% on extracted oil) in fried potatoes
stored at 60°C. (▲▲) Sunflower oil (SO) Sample A, corresponding to first
frying operation of simulated continuous laboratory frying (30 min); (■■)
SO sample B, corresponding to 32nd frying operation of simulated con-
tinuous laboratory frying (5.7 h); (●●) SO sample C, corresponding to the
tenth frying operation in experiments of discontinuous frying (5.5 h);
(▲) high-oleic sunflower oil (HOSO), treatment A; (■) HOSO, treatment
B; (●) HOSO, treatment C.

TABLE 2
Peroxide Value (meq O2/kg oil) in Oils Extracted from Fried Potatoes Stored at 60°C

Storage period (d)

Samplea 0 2 3 5 7 9 14 21 28 30

SO-A 12 N.A. 30 N.A. 68 120 532
SO-B 26 N.A. 62 101 158 323
SO-C 21 34 48 52 354

HOSO-A 8 N.A. N.A. N.A. 21 N.A. 35 47 82 108
HOSO-B 14 N.A. N.A. N.A. 32 N.A. 68 140
HOSO-C 33 81 303
aFor abbreviations see Table 1.

TABLE 3
Oil Stability Index (h) in Fried Potatoes Stored at 60°C

Storage period (d)

Samplea 0 2 3 5 7 9 14 21 28 30

SO-A 8.7 N.A. N.A. N.A. 4.9 2.2
SO-B 6.6 N.A. 4.6 3.0 1.3 0
SO-C 4.5 4.6 2.8 2.6 0 N.A.

HOSO-A 20.4 N.A. N.A. N.A. 16.8 N.A. 13.3 7.2 4.1 2.8
HOSO-B 16.1 N.A. N.A. N.A. 12.3 N.A. 4.0 1.1
HOSO-C 3.8 2.9 0
aFor abbreviations see Table 1.



behavior of α-tocopherol depending on the temperature ap-
plied, and stresses the importance of the remaining level of
natural antioxidants in oils to stop a rapid initiation of oxida-
tion after frying.

A practical conclusion drawn from this study is that, dur-
ing frying, the absence of tocopherols might be compatible
with intermediate, still acceptable levels of degradation in
monounsaturated oils. It is well-known that frying oil degra-
dation should be limited. Moreover, these results indicate that
antioxidant protection is essential for preparation of fried
foods that require storage before consumption to avoid rapid
development of oxidation. In fact, susceptibility to oxidation
of the fried products may be more dependent on the protec-
tion provided by the remanent antioxidants than on the unsat-
uration degree. Hence it is difficult to define the best oil for
frying without knowledge of the characteristics of the frying
process and the later destination of the fried food. 
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