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ABSTRACT

Deep-frying is commonly used as convenient technique for the preparation of foods. The frying
oils and fats are absorbed by fried food and become a part of diet. The content of total polar ma-
terials was determined in frying oils and fats in 46 restaurants from South Moravia and the OI-
omouc regions. Twenty-eight samples were found with total polar materials with limit of rejec-
tion over 24%. The highest total polar materials values were observed in cooking fat; the lowest
one was in vegetable shortening oil. This conclusion corresponds with frying temperatures, which
were highest in cooking fat.
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INTRODUCTION

Fried foods are consumed worldwide with in-
creasing popularity since their unique senso-
ry properties, such as colour, flavour, texture
and palatability, are highly appreciated by con-
sumers. Oils and fats are used as means of heat
transfer from the fryer to the food. The quality
of oils and fats during the frying process has a
major influence on the quality of the final prod-
uct (ANDRIKOPOULOS et al., 2003). Although
many studies have dealt with the mechanism
and products of fat deterioration under labo-
ratory conditions, relatively little attention has
been paid to changes that occur in cooking oils
and fats during use in restaurants and other es-
tablishments.

In relation to frying operations of fried foods,
most of them are conducted at elevated tempera-
tures (160°-195°C) in presence of air, metal con-
tainer and moisture, resulting in both thermal
and oxidative disintegration of the oil (BANSAL et
al., 2010b). The thermal treatment of the cook-
ing oils results in oxidative and hydrolytic reac-
tions i.e. hydrolysis, cyclisation or polymerisa-
tion. These chemical and physical changes take
place and lead to the formation of numerous de-
composition products (volatile and non-volatile
compounds) (FRITSCH, 1981; FRIEDMAN, 2000).

Furthermore, the extent and nature of these
decomposition products are affected by the food
being fried, the type of the fat used as well as
by the choice of the fryer design and the oper-
ating conditions (temperature, oxygen expo-
sure, heating time, turnover rate) (AL KAHTANI,
1991). Regarding the majority of the non-vol-
atile by-products, they are categorized as the
total polar materials (TPM). The TPM constit-
uents include dimeric fatty acids, triglyceride
monohydroperoxides, polymerized triglycerides
(PTG), cyclic fatty acid monomers and aldehy-
dic triglycerides (MARQUEZ-RUIZ et al., 1998;
GERTZ, 2000).

During the reactions mentioned above, the
functional, sensory and nutritional qualities of
frying fats are changed and may reach a point
where it is no longer possible to prepare high
quality fried foods and the frying fat will have to
be discarded (VAHCIC and HRUSKAR, 1999). The
discarding point of the oil that is used repeat-
edly for frying of food is very closely related to
the health issues. The compounds formed dur-
ing deep-frying e.g. enzyme inhibitors, vitamin
destroyers, lipid oxidation products, gastroin-
testinal irritants and/or potential mutagens are
harmful to human health and can therefore be-
come a chemical and physical hazard (SORIANO
et al., 2002). There are many studies examining
how the quality of frying oils and fats, which
are consumed in a diet, influences the health
of live animals, especially the rats. Many sur-
veys dealing with the effect of these oils on the
growth, liver size, cholesterol or phospholipids

in rats showed the relevant negative changes
of mentioned parameters by rats fed with oils
containing the higher percentage of TPM.

However, no epidemiological or public health
investigations have directly proved the effect
of abused frying oils on the healthy persons
(BILLEK, 2000; BANSAL et al., 2010b). There-
fore, it is important to observe the quality of fry-
ing oils and fats in view of the fact that they are
absorbed by frying food and so become a part
of our diet. The uptake of absorbed oil in food
ranges in percentage from 4% to 14% of the to-
tal weight, depending on the food and the type
of frying medium (ANDRIKOPOULOS et al., 2003).

Nevertheless, it is necessary to test the oil
quality and establish the cut-off point at which
the oil should be discarded in order to protect
public health. Since there are health and safety
issues related to the reuse of frying oils, several
countries have established relevant laws, regula-
tions or recommendations regarding the further
use or the discarding of such oils. These coun-
tries have set limits for parameters such as fry-
ing temperature, acid value, smoke point, polar
compounds and polymers (BANSAL et al., 2010b).

In general, the percentage (%) of TPM in the
cooking oil has been shown to be almost identi-
cal to the one present in the oil absorbed by the
food. Thus, by measuring TPM % in frying oil,
the direct content of TPM in the fried food could
be reflected. Moreover, most European countries
have established the limits for the rejection and
replacement of cooking oil in restaurants as the
content of TPM% where its maximum values
range from 24 to 27% (CALDWELL et al., 2001).
The limit 24% for TPM was recommended as
the most appropriate for rejection while the lim-
it of 20% TPM (GERTZ, 2000) has been recom-
mended for the replenishment of the oil or fat.
The concentration of TPM is so rapidly becom-
ing the most widely accepted parameter for the
determination of used frying oil quality (DOBAR-
GANES et al., 2000; GERTZ, 2000).

As to the present study, the TPM% of six dif-
ferent types of cooking oils and fats from 46 res-
taurants in South Moravia and the Olomouc re-
gions are reported indicating the quality status
of these oils and fats used under current cater-
ing practice.

MATERIALS AND METHODS
Samples

The quality of frying oils and fats was exam-
ined during one month in 46 restaurants and
fast-food outlets of various types from South
Moravia and the Olomouc regions, in the Czech
Republic. The measurements were performed
in daily frying operations of these restaurants
and were analysed repeatedly for the relevance
of results. In total were evaluated 46 samples of
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Table 1 - Oils and fats used for deep-frying in 46 selected
restaurants and fast-food outlets in South Moravia and Ol-
omouc region, Czech Republic.

Producer (trademark) Type of oil or fat
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Canola oil

Canola oil with palmolein
Canola oil with palmolein
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Palm oil

Palm oil

Sunflower oil

Sunflower oil

Vegetable cooking fat
Vegetable shortening oil
Vegetable shortening oil
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oils and fats that were divided according to raw
materials. The types of oils and fats used for fry-
ing are summarized in Table 1. The most of res-
taurants used only one type of frying fat during
measurements.

Methods

The amount of TPM was determined by using
TESTO 270 (Testo Inc., Germany). This instrument
has to provide the content of TPM in percentage
with accuracy +/- 2% TPM. The samples were an-
alysed by inserting the sensor into oil heated to
frying temperature and reading the temperature
and the TPM content in percentage from the dis-
play after about 30 s. The sensor was calibrated
with the calibration oil supplied by the manufac-
turer before analysing the frying oils. The equip-
ment was cleaned with warm water and neutral
detergent and dried well between the measure-
ments. Each test was performed in three times.
The limit value for the replacement of frying oils
and fats was established on 24% for TPM accord-
ing to German regulations (BANSAL et al., 2010b).

Statistical analysis

The data obtained were statistically analysed
by the analysis of variance (ANOVA) and Tuk-
ey’s multiple range test for comparison of means.
Other functions were calculated using the Uni-
stat, v. 5.1 statistical package and Office Excel®
Microsoft 2010.

RESULTS AND DISCUSSION

The mean values, the medians and the range
of the parameter studied (total polar materials) for
oils and fats used for frying from 46 restaurants
are shown in Table 2. The mean values for TPM
were determined below 20% in all types of oils and
fats and therefore did not reach the limit for rejec-
tion. The minimum of TPM observed was about 5%
in canola oil and vegetable shortening oil at the 1
day of frying, while the maximum value increased
to 33% in vegetable cooking fat after 9 days of fry-
ing. The analogous wide range was also found by
ANDRIKOPOULOS et al. (2003), who mentioned in
their papers that the minimum of TPM is about
3% and maximum reaches the level of 40%.

Total polar materials reflect the total level of
breakdown products from the frying process.
The amount and character of these products are
affected by some frying parameters such as fat
and food composition, frying conditions (tem-
perature, oxygen exposure, heating time, turn-
over rate) and the design and material of fry-
ing equipment (AL-KAHTANI, 1991; VAHCIC and
HRUSKAR, 1999).

The reported cases of oils and fats that exceed
the TPM limit for rejection (24%) are presented
in Table 3. Approximately 60% of all samples
(12 samples of canola oil, 6 samples of canola oil
with palm olein, 4 samples of palm oil, 4 samples
of sunflower oil and 2 samples of vegetable cook-
ing fat) were found over the TPM limit for rejec-
tion. In case of canola oil with palm oil, sunflow-
er oil and vegetable cooking fat was found out,
that all the average values for TPM were above
the limit for rejection. The values above 24% TPM
were measured already after 6 days of frying by
vegetable cooking fat, 7 days by canola oil with
palm olein, palm oil and 9 days by sunflower oil.

Table 2 - The content of TPM in examined frying oils and fats in percentage.

Canola oil Canola oil with palmolein  Palm oil  Sunflower oil Vegetable cooking fat Vegetable shortening oil
n 138 50 66 34 18 28
Mean 15.3 18.1° 179 14.92 19.6° 12.3¢
SD +6.08 747 +8.41 +7.22 +8.47 +6.06
Minimum 4.5 55 6.3 5.0 8.2 5.0
Median 16.0 20.4 15.0 1.8 22.5 10.7
Maximum 26.6 30.8 31.8 271 325 24.0
n - number of the measurements from the 1% day of frying time to day of used oil replacement.
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Table 3 - The summary of examined oil and fat samples that
exceed TPM limit for rejection.

Type of oil or fat n  TPM<24% TPM>24%
Canola oil 20 8 12
Canola oil with palmolein 6 6
Palm oil 8 4 4
Sunflower oil 4 4
Vegetable cooking fat 2 2
Vegetable shortening oil 6 6

Total 46 18 28

On the other hand, the average content of to-
tal polar materials in the samples of vegetable
shortening oil was observed below this limit. In
the study related to frying oils and fats from 63
restaurants in Athens, Greece were determined
only (17%) of all samples over the TPM limit for
rejection. The most samples above this limit were
observed in vegetable cooking fat (40%) and then
in sunflower oil (30%) and palm oil (18%) (AN-
DRIKOPOULOS et al., 2003). Approximately (41%)
of frying oils used in the restaurants in Zagreb,
Croatia reached the oil discard level. However,
there was no information about the type of fry-
ing oils and fats (VAHCIC and HRUSKAR, 1999).
The extent of oxidative degradation in frying
oils and fats can be reliably determined using
the content of total polar materials. The results
of this study showed that the content of TPM in-
creased with frying time (Fig. 1). The initial val-
ues of the TPM were below 10%. At the end of
frying time (the 9" of frying) the content of TPM
reached above 24%, which is oil discard level set
in many European countries. These values were
observed after 5 days of frying at the earliest.

Total polar materials [%]

1 2 3 4 5

Frying time [days]

o

After 6 up to 9 days of deep frying, the final
TPM levels were: “19,8"% in vegetable shorten-
ing oil, “23,17% in canola oil, “25,8"% in sun-
flower oil, “28,8”% in canola oil with palm olein,
“31,8"% in palm oil and “32,5"% in vegetable
cooking fat (Fig. 1).

The maximum content of TPM in frying oil was
accepted as 24%. From this point of view the per-
centage (%) of TPM in determined oils would be
ranged in ascending sequence: vegetable short-
ening oil > canola oil > sunflower oil > canola
oil with palm olein > palm oil > vegetable cook-
ing fat. In the other study the highest amount of
TPM in frying oils was established at 27% and
was found out that sunflower oil reached lower
value for %TPM than palm oil (XU et al., 1999).

There are many factors that impact the
amount of total polar content in frying oils and
fats. For example the fatty acid composition of
oil has marked effects on its frying performance
as well as on its physical and chemical behav-
iour (BRINKMANN, 2000). The formation of po-
lar compounds during repeated frying opera-
tions has been shown to increase with the de-
gree of oil unsaturation, both during repeated
frying and during the heating of oils (TAKEOKA
et al., 1997; ROMERO et al., 1998).

The next significant parameter that influences
the formation of polar compounds in heated oils
is the ratio of the surface oil area to, oil volume
in the fryer. The specific surface also plays an
important role in behaviour of oils during frying,
as the overall deterioration is an oxidation pro-
cess rather than an interaction with frying foods
according to BRACOO et al., (1981). The differ-
ences in temperatures do not cause significant
changes in frying oils (JORGE et al., 1996). The

—g—Canala oil with palmaolein
= Palm 0

=te=_Canola oil
——\fepetable shortening o
——\fppetable cooking fat

—@="5unflower o

Fig. 1 - The content of total polar materials during frying in examined types of oils and fats
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Table 4 - The temperature of examined frying oils and fats during deep-frying [°C].

Canolaoil Canola oil with palmolein  Palm oil Sunflower oil Vegetable cooking fat Vegetable shortening oil
n 138 50 66 34 18 28
Mean 154.62 158.5 167.3° 136.8° 173.6¢ 124.1¢
SD +42.54 +38.62 +57.71 +45.18 +32.26 +2729
Minimum  156.4 162.1 1470 152.6 161.8 94.0
Median 171.0 176.2 166.0 165.4 168.3 132.5
Maximum  186.3 189.5 1735 174.6 180.5 161.2
n - number of the measurements from the 1% day of frying time to day of used oil replacement.

oil alteration depended on the frying procedure
mainly as a result of different surface area to
volume ratios and specific areas because pan-
frying caused more marked changes than deep-
frying on all the parameters studied including
the content of total polar materials (ANDRIKO-
POULOS et al., 2002).

The next important factor is the temperature
which should be in the range of 160 - 180°C
for frying operations (SORIANO et al., 2002). In
this research the highest temperatures were ob-
served for vegetable cooking fat (173.6°C) while
the lowest temperatures were examined for us-
ing vegetable shortening oil (124.1°C) (Table 4).
Similar conclusion was found also by ALADE-
DUNYE and PRZYBYLSKI (2009), who mentioned
in their paper that the extent of oxidative dete-
rioration, as measured by the TPM formation,
was faster during frying at 215°C compared to
185°C. SORIANO et al., (2002) recommended the
continuous heating as the intermittent heating
is much deleterious due to an increased rate of
oil breakdown. Their team was concerned with
the daily oil turnover too which should be ranged
between 15 to 25 weight per cent in food ser-
vice kitchens. This suggestion was determined
with regard to much longer turnover periods in-
fluenced by fluctuations in the demand for fried
foods. In our study only 40% of restaurants re-
plenished the frying oils and fats. The replen-
ishment of frying medium was made between
the 4% and the 7% day of using. The average vol-
ume of replenished oil was 1.5litres. Our find-
ing about catering practice in examined restau-
rants showed, too, that oils and fats were re-
placed after 9 days of using while the content
of TPM reached the oil discard level already on
the sixth day (Fig. 1).

CONCLUSION

Among 46 restaurants, the samples of oils
and fats over the rejection limit comprise a rel-
atively high part of samples examined (60% re-
garding TPM). There was observed higher con-
tent of total polar materials with increasing fry-
ing temperature. The catering practice in Czech
restaurants as such has some lacks, like the
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turnover rate or the late replacement of used
oils and fats, too. From all the findings of the
presented study it appears, that it is neces-
sary to survey the conditions of the usage of
frying oils and fats more in detail. In addition,
more frequent controls and the application of
strict regulations by food authorities are im-
portant as well.
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