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ABSTRACT

Soybean oil and palm olein were used to fry French fries, chicken leg fillets and pork chops. Total polar compounds were measured
by column chromatography and two rapid-measuring devices (Ebro FOM 310 and Testo 270). Acid value was determined by titration
method and a 3M Shortening Monitor. The results showed that the content of total polar compounds and acid value in both soybean oil and
palm olein increased linearly with frying time. The influence of oil type on the content of total polar compounds and acid value in used oil
was significant, but the effect of food type on these parameters was not observed. The rate of total polar compounds generation in palm
olein was lower than that in soybean oil. All rapid methods used in this study had results that highly correlated with those from column
chromatography, but moderately correlated with the titration method. We found that Ebro FOM 310 was more suitable for monitoring the
quality of soybean oil during frying, while Testo 270 was suitable for palm olein. These results provided the basis for choosing the proper
rapid-measuring device to control the quality of frying oil in restaurants.
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INTRODUCTION

Deep frying is commonly utilized for food preparations
such as frozen pre-fried foods, snack foods and fast foods.
Fried foods are far more popular today in many places and
this can be observed from the rapidly increasing number of
fast food restaurants and vendors in the last few decades.
Deep frying of foods at high temperature creates the welcome
special flavor, golden brown color and crispy texture. It is
noted that frying causes oil to undergo hydrolysis, oxidation
and thermal reaction, and consequently numerous byproducts
such as free fatty acids, alcohols, cyclic compounds, dimers
and polymers® can be produced. Some products of decompo-
sition in used oil have been identified to have adverse effects
on human health®?), as they may have a higher chance of
absorption into the fried foods(®). Therefore, it is important to
understand the factors affecting the deterioration of frying oil
and to monitor the quantity of products of decomposition for
ensuring the quality of fried foods.

The mechanism of thermal degradation of frying oil is
complicated. Variables involved in the process include frying
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conditions, replenishment of fresh oil, original oil quality,
food materials, and fryer type®. Cooking oils with more
saturated fatty acids such as lard and palm oil are usually
more stable for frying. On the other hand, soybean oil with
more unsaturated fatty acids is less stable, and decomposes
easily at high frying temperature. In Taiwan, soybean oil is
one of the most commonly used cooking oils at home and is
also used by many small snack vendors for frying. Palm oil
is mostly used commercially to prepare fried potato foods(®.
Among frying oils, those with high oleic acid content such
as sunflower oil and palm olein®™") have better health profile
and heat stability.

Moisture in foods induces and accelerates oxidation with
the hydrolytic compounds. Foods with high water content
like potato and foods with breading or battering materials
cause faster hydrolysis of frying oil. During frying, the fat
of chicken or pork that is released into frying oil alters the
fatty acid composition and increases the degradation rate of
the 0il®). The release of amino acids from food into oil can
prevent oil degradation during deep frying, but the starch has
not been observed to have a similar effect!®. However, only
very few researches related to the influences of oil and food
types on frying oil quality can be found.
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The content of total polar compounds and acid value
are the most predominant indicators for oil quality and are
widely used in many international regulations®®%. For
public health concerns, the content of total polar compounds
and acid value in frying oil are regulated at not more than
25% and 2.0 mg KOH/g, respectively, in Taiwan(""12). Deter-
mination of total polar compounds in frying oil provides a
more robust measurement on the extent of deterioration in
most situations*®) due to its higher accuracy and reproduc-
ibility. The contents of free fatty acid (FFA) and total polar
compounds were commonly used for initial oil quality
assurance and after-use frying oil quality assessment, respec-
tively(!?. Nevertheless, the standard analytical procedure for
oil quality evaluation needs to be done in a laboratory with
proper equipment by skilled technicians*®. It is not suitable
for a small industry or vendor to use on site.

Rapid methods have been developed to measure oil
quality based either on its chemical properties such as
FFA, iodine value, carbonyl value and the content of total
polar compounds, or on its physical characteristics such as
oil color, viscosity and dielectric constant. Establishing the
correlation between the standard and rapid methods for the
content of total polar compounds and acid value in used
oil offers the necessary supports for the food company to
monitor oil quality with a proper rapid method. The objec-
tives of this study were to investigate the effects of oil variety
and food type on the oil quality during frying, and to compare
the correlations between the standard methods and the rapid
methods.

MATERIALS AND METHODS
I. Experimental Design

The deep frying process was continued for 48 h for two
kinds of oils (soybean oil and palm olein) and three of the
most common frying foods in Taiwan (French fries, chicken
leg fillet and pork chop). Used oil samples were taken every
6 h for quality analysis. The rapid measurements on the
content of total polar compounds and acid value of used
oil were performed on site, and the same parameters were
assessed again using standard methods later for comparison.
The effects of oil types and foods on the content of total polar
compounds and acid value in used oils were determined by
statistical analysis.

1. Materials
() Deep Frying

Soybean oil and refined palm olein were purchased
from Uni-President Enterprises Co. (Tainan, Taiwan) and
Chang Guann Co., Ltd. (Kaohsiung, Taiwan), respectively.
Frozen French fries used in this study were imported by
Disheng Co., Ltd. (Kaohsiung, Taiwan). The French fries
were quarter inch in diameter without battering. Marinated
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chicken leg fillets were provided by Charoen Pokphand
Enterprise Co., Ltd. (Taipei, Taiwan) and were breaded
manually with potato starch before frying. Seasoned and
battered pork chops were manufactured by Shang Lee Food
Co., Ltd. (Nantou, Taiwan). The French fries and pork chops
were stored at -20°C, and the chicken leg fillets were refrig-
erated at a temperature below 7°C.

(11) Chemicals

Silica gel with a particle size of 0.063 - 0.200 mm
(70 - 230 mesh, No. 7734) was purchased from Merck Co.,
Ltd. (Darmstadt, Germany). Chromatographic grade isopro-
panol was purchased from SK Chemicals Co., Ltd. (Ulsan,
Korea). Potassium hydroxide was supplied by Panreac Co.
Ltd. (Barcelona, EU). Methylisobutylketone (MIBK), light
petroleum (boiling point of 35 - 60°C) and diethyl ether were
obtained from Tedia Co., Ltd. (OH, USA). All other chemi-
cals were of analytical grade.

I11. Deep Frying Protocol

The frying conditions of Abdulkarim et al.*4) and
Manral et al.*® were modified as described below. An
electronic deep fat fryer (IL, USA) was a gift from the McDon-
ald’s branch company in Taiwan. Each of the two separated
troughs in the fryer has a capacity of 15 L. Fresh soybean oil
or palm olein was loaded into the fryer and heated to 180°C
before frying. Each batch of French fries, chicken leg fillets
and pork chops were fried for 3, 6 and 3 min, respectively. A
1:20 (kg/L) ratio of food to oil was applied. There was a total
of 24 batches for frying in 6-h cycles and a total of 8 cycles
were performed, resulting in 48 h of frying.

The frying oil was not replenished but filtered with filter
paper (Part No. 803-0170, Frymaster, Shreveport, LA, USA)
after a frying cycle. Control samples were obtained by heating
oil without food and following the same frying protocol as
above. Rapid measurements were taken while there was no
moisture (bubbles) in the frying oil after each cycle. After
fully agitating the frying oil, 50-mL samples were collected.
Hot oil samples were filtered by passing through the filter
paper (Whatman No.4) with the aid of an aspirator to remove
food residues. Thereafter, the samples were kept in glass
bottles and flushed with nitrogen gas before sealing. They
were stored at -20°C prior to analysis*®).

IV. Rapid Measurements of Oil Quality

The Food Oil Monitor 310 (FOM 310, Ebro Inc.,
Germany) and the Testo 270 Deep-frying Oil Tester (Testo
Inc., Germany) were used to rapidly measure the content
of total polar compounds in used oil. The 3M Shortening
Monitor (3M, USA) was used to quickly assess the acid value
in used oil.

Before taking any measurement, the test mode (liquid,
semiliquid or solid) of FOM 310 was selected depending
on the state of the oil sample, and the sensor was calibrated
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using the “fresh state” oil at a temperature above 100°C.
Within the operation temperature of 160 - 200°C, the sensor
of FOM 310 was submerged into the oil sample and the oil
was stirred gently for 20 s to allow even distribution. FOM
310 typically showed a stable reading of the content of total
polar compounds (%) within 1 min®?). The testing proce-
dure of Testo 270 was very similar to that used by the FOM
310, except the test mode selection and the sensor calibra-
tion were not necessary for the Testo 270(8). These rapid
methods detect the dielectric constant of oil. This constant
was converted to the content of total polar compounds (%)
based on the formula set up by the manufacturer.

The 3M Shortening Monitor was in the form of a test
paper strip with four bands. All the bands of the test strip were
immersed directly into the hot oil (165 - 190°C) for 3 s. After
30 s, the acid value was determined apparently by comparing
the response color band to the synopsis(6).

V. Standard Methods of Measuring Oil Quality

The content of total polar compounds in oil sample
was also determined based on the methods of AOCS Cd_20-
919 and 1SO 8420V, A glass column (35 cm in length
and 2.1 cm in diameter) was used for chromatography. The
eluent was a mixture of petroleum and diethyl ether in the
ratio of 87 : 13 (v/v). The oil sample (2.5 g) was loaded into
the packed column and the non-polar fraction was eluted by
the eluent. The content of total polar compounds (%) was
calculated as the mass fraction of the total polar compounds
in the oil sample in percentage.

The CNS 36471°) method was used for acid value evalu-
ation. An oil sample of 10 g was dissolved in 50 mL of methyl
isobutyl ketone (MIBK). The sample solution was titrated
against 0.01 - 0.05 N of potassium hydroxide-isopropanol
solution to pH 10. The acid value (mg KOH/g) was calculated
from the KOH titration volume.

VI. Statistical Analysis

Measurements of duplicate samples were expressed as
means + standard deviation for all rapid methods and stan-
dard methods. The data were subjected to the analysis of
variance (ANOVA) in the general linear models (GLM) or
t-test using SAS Statistical Computer Package V.9.1 (SAS
Institute, Cary, NC). Pearson correlation coefficients among
the oil quality testing methods were calculated. Duncan’s
multiple range tests were used for comparing the differences
between group means. The level of significance associated to
the statistical test was 0.05.

RESULTS AND DISCUSSION

I. The Content of Total Polar Compounds and Acid Value
in Fresh Oils

Table 1 lists the content of total polar compounds and
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acid value in fresh soybean oil and palm olein, respectively,
determined by standard methods and rapid methods. From
the results of standard methods, soybean oil contained
2.3% of total polar compounds and 0.03 mg KOH/g of acid
value, while palm olein contained higher content of total
polar compounds (6.2%) and acid value (0.071 mg KOH/g).
Other studies also showed that the content of total polar
compounds and acid value in palm olein were higher than
those in soybean oil 12223),

Palm oil and palm olein typically contained higher
amounts of diglycerides (6 - 8%) than soybean oil (2 -
3%)124) Bansal et al.?® reported that palm olein with 8.93%
of total polar compounds contained 6.46% of diglycerides.
However, in most cases, FFA s seldom found in fresh 0il ?6:27),
In this study, the higher content of total polar compounds in
fresh palm olein compared to soybean oil might be due to
higher content of diglycerides. On the other hand, the lipase
in palm fruit might decompose the oil to produce FFA®®).
This might explain the higher contents of acid value and total
polar compounds in palm olein. The acid values in the two
fresh oils used in this study were below the limit of refined
oil (0.1 mg KOH/g)®®).

The content of total polar compounds in both soybean
oil and palm olein obtained from Testo 270 were higher
compared with those from the standard method (Table 1).
The content of total polar compounds obtained from Ebro
FOM 310 in the semiliquid mode (Ebro-SL) and liquid mode
(Ebro-L) were lower than that obtained from Testo 270. The
distinct formula in the device set up by different companies
might lead to different readings of the content of total polar
compounds.

The initial value of total polar compounds of Ebro FOM
310 was set to 2% in the liquid mode (Ebro-L) and 4% in
the semiliquid mode (Ebro-SL) (Ebro 2005). This can be the
reason why a higher content of total polar compounds was
obtained from the Ebro-SL. In comparison to the standard
method, the initial value of total polar compounds for soybean
oil was closer to the value from Ebro-L, and the value for
palm olein was closer to the value from Ebro-SL. It could

Table 1. Total polar compounds (%) and acid value (mg KOH/g)
tested by standard and rapid methods in fresh soybean oil and palm
oleina

Methods Soybean oil Palm olein
Total polar compounds

Standard method 234037 6.2 +0.48
Testo 270 12.8 + 0.4 11.5 +0.0"
FOM 310 liquid mode 20+07° 2.8+04°
FOM 310 semiliquid mode 53+0.4° 45+0.7°
Acid value

Standard method 0.030 + 0.007"  0.071 + 0.0028
3M Shortening Monitor NDP ND

2 Values with different superscript capital letters in a row are signifi-
cantly different (p < 0.05).
® ND = Not detectable.



Journal of Food and Drug Analysis, Vol. 21, No. 1, 2013

be presumed that the Ebro-L and Ebro-SL were suitable for
testing soybean oil and palm olein, respectively.

The acid value of fresh oils measured by the 3M Short-
ening Monitor was not detectable (Table 1).

Il. Effects of Oil and Food Types on the Content of Total
Polar Compounds and Acid Value

Figure 1 illustrates the total polar compounds in oils
increased linearly with frying time. Similar results were
found in other studies®®-39). The polar compounds accumu-
lation in oil without food was slower than that in oil frying
with food (Figure 1). Since the degradation of frying oil was
greatly accelerated by foods, the frying condition should be
controlled carefully.

The maximum level of total polar compounds at 25%
was set for the regulation of deep frying oil in Taiwan.
After 48 h of frying with foods, the contents of total polar
compounds in both oils were shown to exceed the limit of
25% (Figure 1). Man et al.®% reported that the content of
total polar compounds in the oil used to fry potato chips
reached 25% after 20 h.

(A)
40+

(B)
404

Total polar compounds (%)

0 10 20 30 40 50

Frying time (h)
Figure 1. Formation of total polar compounds tested by the standard
method in soybean oil (A) and palm olein (B) during the 48-h period
of frying without food (e), with French fries (o), chicken leg fillet (V),

and pork chop (V). The bars at each data point represent the standard
deviation of duplicate measurement.
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The rates of total polar compounds formation in
soybean oil frying with different foods for 48 h were similar
(Figure 1A). Similar results were also found in palm olein
frying with different foods (Figure 1B). The slope of regres-
sion line over time for soybean oil frying with pork chop was
0.58 and that for palm olein was 0.44, indicating that the rate
of total polar compounds formation in palm olein frying with
foods was lower than that of soybean oil.

Rapid measurements results of the content of total
polar compounds in oils by using Testo 270 and Ebro FOM
310 were shown in Figure 2 and Figure 3, respectively.
Comparing the results in Figure 1, the rate of total polar
compounds formation in used palm olein obtained by using
Testo 270 (Figure 2B) was similar to that obtained by the
standard method (Figure 1B). Noticeably, Testo 270 tended
to overestimate the content of total polar compounds in used
soybean oil (Figure 2A).

The Ebro-L tended to give the content of total polar
compounds in used soybean oil (Figure 3A) similar to that
obtained by the standard method (Figure 1A), but Ebro-SL
overestimated the content of total polar compounds in used
soybean oil (Figure 3C). The content of total polar compounds
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Figure 2. Formation of total polar compounds tested by Testo 270

Deep-frying Oil Tester in soybean oil (A) and palm olein (B) during the

48-h frying period without food (e), with French fries (o), chicken leg

fillet ('), and pork chop (\/). The bars at each data point represent the
standard deviation of duplicate measurement.
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Figure 3. Formation of total polar compounds tested by Ebro FOM 310 liquid mode and semiliquid mode in soybean oil and palm olein during
the 48-h frying period without food (e), with French fries (o), chicken leg fillet (V), and pork chop (\/). The bars at each data point represent the
standard deviation. (A) soybean oil-liquid mode, (B) palm olein-liquid mode, (C) soybean oil-semiliquid mode, (D) palm olein -semiliquid mode.

in used palm olein was underestimated by Ebro-L (Figure 3B
vs. Figure 1B), but overestimated by Ebro-SL (Figure 3D).
It can be concluded that Ebro FOM 310 in liquid mode was
more suitable for measuring the quality of soybean oil in
frying, while Testo 270 was a better choice for the quality
evaluation of palm olein.

The changes of acid value in soybean oil and palm olein
by the standard method and 3M Shortening Monitor (rapid
method) for 48 h of frying with diverse foods were also
observed in this study (data not shown). After 48 h of frying
with foods, the acid value in soybean oil was still far below
the limit of 2 mg KOH/g using the standard method, but an
acid value that exceeded the limit was observed by the 3M
Shortening Monitor after 36 - 40 h of frying.

In order to understand the effects of oil and food types
on the content of total polar compounds and acid value in
frying oils, a two-factor factorial design with repeated
measurements was established. Since the repeated measure-
ments of the content of total polar compounds and acid value
within each oil and food type combination were significantly
increased (p < 0.01) with frying time, the time was set as a

correlated random effect for statistical analysis.

The type of oil significantly affected the content of total
polar compounds and acid value (p < 0.001) (Table 2), and
this has also been found in many studies®*333%), The result
showed a pronounced increase of total polar compounds in
soybean oil during frying (Figure 1). The relative autoxida-
tion rate of linoleic acid was 40 to 50 times higher than that
of oleic acid®®26:36) Xu et al.®®) mentioned that linolenic
acid content was a critical factor affecting the quality of
used oil during frying. Soybean oil has a greater amount of
linoleic acid (51%) and linolenic acid (7%) in its fatty acid
composition and is more liable to oxidation. Palm olein
mainly consists of saturated fatty acids and monounsaturated
fatty acids, and thus more stable. The polar compounds were
derived from oxidation and thermal reaction of oil during
frying. Therefore, more polar compounds in soybean oil was
generated than in palm olein during frying because of the
faster rate of oxidation.

The short chain and unsaturated fatty acids can facili-
tate hydrolysis and oxidation in frying oil. According to
Erickson®®), soybean oil that predominantly contain
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Table 2. Analysis of variance for the total polar compounds (%) and acid value (mg KOH/g) in used oils measured by standard and rapid

methods
Independent variables?
Methods FT o] F OxF
df MS P df MS P df MS P df MS P
Total polar compounds
Standard method 8 662.9 Fxx 1 584.3 Fxx 2 8.6 0.11 2 45.8 e
Testo 270 8 454.3 Fxx 1 16.3 Fxx 2 1.0 0.39 2 26.4 Fxx
FOM 310 liquid mode 8 1034.2 Frx 1 94.5 el 2 8.6 * 2 27.3 faleel
FOM 310 semiliquid mode 8 975.6 Frx 1 526.7 Frx 2 66.7 Frk 2 21.2 *x
Acid value
Standard method 8 2.1 el 1 7.82 Hkx 2 0.3 0.27 2 0.24 0.32

8 ET = Frying time, O = Qil, F = Food, and OxF = Interaction between oil and food.

*p < 0.05, ** p < 0.01, *** p < 0.001

unsaturated fatty acids should generate more FFA than palm
olein during frying, but an opposite result was observed in
our study. Other studies also confirmed this result that the
rate of FFA formation in palm olein was higher than that in
soybean oil during frying®™*3. Since not only the fatty acid
content but also the storage condition of oil might affect the
rate of hydrolysis and oxidation during frying, different rates
of FFA formation might be observed by different researchers.

Food type did not change the content of total polar
compounds and acid value in the frying oils significantly
(p>0.05) inthis study (Table 2). Water and fat in food released
into the oil during frying will cause oil degradation. Based on
the results from other studies®3), French fries, chicken leg
fillet and pork chop contained roughly the same amount of
moisture (70%) and fat (4.5%). As might be expected, the
rates of hydrolysis were not significantly different. Further-
more, the influences of the fat leaching from the meat and of
the starch from French fries or breading on oil deterioration
were minor in the present study.

I11. Correlation between Standard and Rapid Methods

Table 3 shows the measurements from all test methods
were significantly correlated (p < 0.05). The standard
methods moderately correlated with other methods (r = 0.51
- 0.64). The 3M Shortening Monitor had better correlations
with the total polar compounds test methods (r = 0.801 -
0.888). In some studies1%143139) 3 poor relationship was
observed between the acid value and the content of total
polar compounds in used oil. However, Lee®? pointed that
the correlation between the content of total polar compounds
and acid value exist only under the same oil, food and frying
operation.

In this study, it was observed the discontinuous reading
of the 3M Shortening Monitor. In addition, the color change
in the bands of the 3M Shortening Monitor from blue to green
or yellow was difficult to determine. Occasionally, it showed
the color of blue-green or green-yellow, or showed the color

Table 3. Pearson correlation coefficient between standard and rapid
methods for used oils

1SO? Testo Ebro-L  Ebro-SL CNS
Testo® 0.897*
Ebro-L°® 0.876* 0.983*
Ebro-SLY  0.944* 0.933* 0.910*
CNS® 0.576* 0.523* 0.518* 0.640*
3mf 0.874* 0.826* 0.801* 0.888* 0.628*

For total polar compounds, the standard method was 21SO 8420
column chromatography; rapid methods were PTesto 270 Deep-frying
Oil Tester, “Ebro FOM 310 in liquid mode, 9Ebro FOM 310 in semi-
liquid mode. For acid value, the standard method was *CNS 3647
titration; rapid method was f3M Shortening Monitor. The frying tem-
perature was 180°C.

*p < 0.05.

at the edge of the band without a color in the center. When
the color of the used oil was dark, the color of the band dark-
ened and might cause a misreading. Other studies seemed to
have the same problems during the determination of the band
color(13:32)

The ISO 8420 column chromatography result was very
close to that from Ebro-SL (r = 0.944) and was highly corre-
lated (r = 0.876 - 0.897) with other rapid-measuring methods.
Bansal et al.1® also found that a moderate correlation (r =
0.73) between measurements from FOM 310 and the stan-
dard method of total polar compounds.

Since a high correlation exist between the standard and
rapid methods, the total polar compounds measurement by the
standard method can be estimated by rapid methods. Figure
4 shows the linear relationship of the total polar compounds
measurements between the standard and rapid methods. The
regression analysis was performed and the corresponding
equations of regression line were given in Figure 4. The
results were subjectively separated into oil types. A strong
relationship was observed between the rapid and standard
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Figure 4. Comparison of the content of total polar compounds tested
between the standard method and rapid methods in soybean oil and
palm olein during the 48-h frying period with diverse foods. (A)
soybean oil, (B) palm olein. Rapid methods were Testo 270 Deep-
frying Oil Tester (), Ebro Food Oil Monitor 310 in liquid mode (o)
and semiliquid mode (V).

methods (R? = 0.905 - 0.961). In general, the regression lines
for Ebro-L and Ebro-SL were parallel and were different from
the line for Testo 270. In soybean oil, Testo 270 overesti-
mated the content of total polar compounds when the value
was below 20% and underestimated it when the value was
above 30% (Figure 4A). In palm olein, Ebro-SL estimated the
content of total polar compounds properly at the very begin-
ning, but then overestimated it when the value was above
10%. In comparison, Ebro-L underestimated the content of
total polar compounds when the value was below 20% and
estimated it better for values above 25%.

When soybean oil was used for frying, the slope of the
regression line for Ebro FOM 310 was close to 1 (Figure 4A),
indicating that Ebro FOM 310 well represents the standard
method for monitoring the content of total polar compounds
in used soybean oil. On the other hand, the slope of regression
line for Testo 270 was close to 1 when the palm olein was
used for frying (Figure 4B). Similar result for palm olein was
reported in another study using Testo 265(13).
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CONCLUSIONS

Oil type but not food type significantly affected the
content of total polar compounds and acid value in used oil.
The rate of total polar compounds generation in palm olein
was slower than that in soybean oil during frying. However,
the content of total polar compounds in palm olein reached
the official limit of 25% faster than soybean oil because the
fresh palm olein contained more total polar compounds than
soybean oil. The measurements from all test methods were
significantly correlated. Ebro FOM 310 was more suitable
for monitoring the quality of soybean oil during frying,
while Testo 270 was more suitable for palm olein. The 3M
Shortening Monitor measured the acid value in frying oil
inconsistently.

ACKNOWLEDGMENTS

This study was supported by the Taiwan Food and
Drug Administration, Department of Health, Executive Yuan
(99TFDA-FS-612).

REFERENCES

1. Tabee, E., Jagerstad, M. and Dutta, P. C. 2009. Frying
quality characteristics of French fries prepared in refined
olive oil and palm olein. J. Am. Oil Chem. Soc. 86:
885-893.

2. Boatella-Riera, J., Codony, R., Rafecas, M. and Guar-
diola, F. 2000. Recycled cooking oils: assessment of risks
for public health. European Parliament. PE 289.889/Fin.
St.

3. Seppanen, C. M. and Sarri-Csallany, A. 2002. Forma-
tion of 4-hydroxynonenal, a toxic aldehyde, in soybean
oil at frying temperature. J. Am. Oil Chem. Soc. 79:
1033-1038.

4. Romero, A., Bastida, S. and Sanchez-Muniz, F. J. 2006.
Cyclic fatty acid monomer formation in domestic frying
of frozen foods in sunflower oil and high oleic acid
sunflower oil without oil replenishment. Food Chem.
Toxicol. 44: 1674-1681.

5. Ziaiifar, A. M., Achir, N., Courtois, F., Trezzani, I. and
Trystram, G. 2008. Review of mechanisms, conditions,
and factors involved in the oil uptake phenomenon during
the deep-fat frying process. Int. J. Food Sci. Technol. 43:
1410-1423.

6. Paul, S. and Mittal, G. S. 1997. Regulating the use of
degraded oil/fat in deep-fat/oil food frying. Crit. Rev.
Food Sci. Nutr. 37: 635-662.

7. Lee, C. H. 2009. How to manage the frying oil quality.
Taiwan Food News 232: 38-42.

8. Akoh, C. C. and Min, D. B. 2002. Food Lipids. Marcel
Dekker, New York.

9. Choe, E. and Min, D. B. 2007. Chemistry of deep-fat
frying oils. J. Food Sci. 72: R77-R86.



Journal of Food and Drug Analysis, Vol. 21, No. 1, 2013

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Fritch, C. W. 1981. Measurements of frying fat deteriora-
tion: a brief review. J. Am. Oil Chem. Soc. 58: 272-274.
Firestone, D. 2007. Regulation of frying fat and oil, In
"Deep Frying: Chemistry, Nutrition, and Practical Appli-
cations". 2nd ed. pp. 373-385. Erickson, M. D. ed. AOCS
Press, Urbana, USA.

Lee, C. H. 2009. The optimum maintain of frying oil
quality and the rapid measurements of acid value and
total polar compounds. Taiwan Food News 234: 70-78.
Bansal, G., Zhou, W., Barlow, P. J., Joshi, P., Neo, F. L.
and Lo, H. L. 2010. Evaluation of commercially avail-
able rapid test kits for the determination of oil quality in
deep-frying operations. Food Chem. 121: 621-626.
Abdulkarim, S. M., Long, K., Lai, O. M., Muhammad,
S. K. S. and Ghazali, H. M. 2007. Frying quality and
stability of high-oleic Moringa oleifera seed oil in
comparison with other vegetable oils. Food Chem. 105:
1382-1389.

Manral, M., Pandey, M. C., Jayathilakan, K.,
Radhakrishna, K. and Bawa, A. S. 2008. Effect of fish
(Catla catla) frying on the quality characteristics of
sunflower oil. Food Chem. 106: 634-639.

3M. 1999. Checked your oil lately? 3M Food Service
Business Co., Ltd., St. Paul, USA.

Ebro. 2005. FOM 310 Operating instructions. Ebro Elec-
tronics Co. Ltd., Ingolstadt, Germany.

Testo. 2010. Testo 270 Deep-frying oil tester instruction
manual. Testo (Asia) Ltd., Shatin, Hong Kong.

CNS. 2003. CNS 3647: Methods of test for edible oils
and fats-Determination of acid value. Bureau of Stan-
dards, Metrology & Inspection, Taipei, Taiwan.

AOCS. 1997. Determination of polar compounds in
frying fats. AOCS Official Method Cd 20-91. American
Oil Chemists' Society, IL,USA.

1SO. 2002. Animal and vegetable fats and oils - deter-
monation of content of polar compounds. International
Organization for Standardization, Geneva, Switzerland.
Gerde, J. A., Hardy, C. L., Hurburgh, C. R. and White, P.
J. 2007. Rapid determination of degradation in frying oils
with near-infrared spectroscopy. J. Am. Oil Chem. Soc.
84: 519-522.

Tseng, Y. C., Moreira, R. and Sun, X. 1996. Total
frying-use time effects on soybean-oil deterioration and
on tortilla chip quality. Int. J. Food Sci. Technol. 31:
287-294.

Berger, K. G. 2005. Good practice in frying, In "The
Use of Palm Oil in Frying". pp. 24-26, Berger, K. G.
ed. Malaysian palm oil promotion council, Selangor,
Malaysia.

Bansal, G., Zhou, W., Barlow, P. J., Lo, H. L. and Neo,
F. L. 2010. Performance of palm olein in repeated deep
frying and controlled heating processes. Food Chem.
121: 338-347.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

65

Erickson, D. R. 2007. Production and compisition of
frying fats, In "Deep Frying . 2nd ed. pp. 3-22. Erickson,
M. D. ed. AOCS Press, Urbana, IL, USA.

Lalas, S. 2008. Quality of frying oil, In "Advances in
Deep-Fat Frying of Foods". pp. 57-75. Sahin, S. and
Sumnu, S. G. eds. CRC Press, Boca Raton, FL, USA.
Chatzilazarou, A., Gortzi, O., Lalas, S., Zoidis, E. and
Tsaknis, J. 2006. Physicochemical changes of olive oil
and selected vegetable oils during frying. J. Food Lipid.
13: 27-35.

Houhoula, D. P., Oreopoulou, V. and Tzia, C. 2002. A
kinetic study of oil deterioration during frying and a
comparison with heating. J. Am. Oil Chem. Soc. 79:
133-137.

Tsaknis, J. and Lalas, S. 2002. Stability during frying
of Moringa oleifera seed oil variety "Periyakulam 1". J.
Food Compost. Anal. 15: 79-101.

Man, Y. B. C,, Liu, J. L., Jamilah, B. and Rahman, R. A.
1999. Quality changes of refined-bleached-deodorized
(RBD) palm olein, soybean oil and their blends during
deep-fat frying. J. Food Lipid. 6: 181-193.

Chu, Y. H., Liang, C. W,, Chou, Y. L. and Jan, K. C. 2010.
Studies on correlations among oil quality analysis from
used deep-frying oils. Taiwan J. Agr. Chem. Food Sci.
48: 107-111.

Warner, K., Orr, P. and Glynn, M. 1997. Effect of fatty
acid composition of oils on flavor and stability of fried
foods. J. Am. Oil Chem. Soc. 74: 347-356.

Warner, K. and Gupta, M. 2005. Potato chip quality and
frying oil stability of high oleic acid soybean oil. J. Food
Sci. 70: S395-S400.

Xu, X. Q., Tran, V. H., Palmer, M., White, K. and
Salisbury, P. 1999. Chemical and physical analyses and
sensory evaluation of six deep-frying oils. J. Am. Oil
Chem. Soc. 76: 1091-1099.

Choe, E. and Min, D. B. 2006. Mechanisms and factors
for edible oil oxidation. Compr. Rev. Food Sci. Food Saf.
5: 169-186.

Cotrufo, C. and Lunsetter, P. 1964. The fatty acids of
potato tubers (Solanum tuberosum). Am. J. Potato Res.
41:18-22.

Rhee, K. S., Anderson, L. M. and Sams, A. R. 1996.
Lipid oxidation potential of beef, chicken, and pork. J.
Food Sci. 61: 8-12.

Szabo, A., Bazar, G., Locsmandi, L. and Romvari, R.
2010. Quality alterations of four frying fats during long-
term heating (conventional analysis and NIRS calibra-
tion). J. Food Qual. 33: 42-58.





