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Abstract Food Codex regulations have set freshness limits for oils used to fry food,
such as potato and fish products, and fried food itself; however, no such freshness limits
have been set for meat products, such as sweet and sour pork. The freshness standard
suggest that acid values (AVs) and peroxide values (POVs) for frying oil should be less
than 2.5 and 50, respectively, whereas AVs and POVs for common fried food should be
less than 5.0 and 60, respectively. Therefore, in this study, we investigate the effect of the
number of frying cycles on oxidation-promoted changes in the oils used to fry sweet and
sour pork and fried food itself during repeated frying over 10 d by determining their AVs
and POVs, which were found to be highly correlated. Soybean, canola, palm, and pork
lard oils could be reused approximately 37, 32, 58, and 87 times, respectively, to fry
sweet and sour pork based on oil freshness, and 78, 78, 81, and 286 times, respectively,
based on the freshness of fried food. Our data may help establish food-quality regulations
for oils used to fry animal-based foods.
Keywords
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Introduction
In recent years, consumers have widely enjoyed fried chicken and sweet and sour
pork owing to their high nutritional values, good sensory properties, long shelf lives,
and cost effectiveness (Rahimi et al., 2017). Indeed, there is an increasing global
demand for deep-fat-fried products due to the palatability, affordability, accessibility,
and availability of fried food (Blumenthal, 1991). During the cooking process, food is
in contact with hot fat or oil, which is used as the heat-transfer medium, at
temperatures above the boiling point of water. Frying is a food-processing operation
that involves simultaneous heat and mass transfer. For example, deep-fat-fried savory
snacks generally contain 35%–40% oil (Debnath et al., 2009). The frying fat or oil is
exposed to atmospheric oxygen and moisture at a high temperature (160℃–180℃) for
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long times during the frying process (Debnath et al., 2012). Frying oil cannot be used continuously due to the complex series
of reactions that take place during frying, thereby resulting in its hydrolysis, oxidation, and polymerization (Benedito et al.,
2002). The quality of fried food depends on the quality of oil; therefore, several degradation products of frying oil are
harmful to human health as they destroy vitamins, inhibit enzymes, potentially cause mutations, or are gastrointestinal
irritation. While low levels of oxidation cause no problems, oil that has been reused beyond its quality limit must not be
further used owing to its rancidity; however, establishing uniform usage limits for oils is very difficult. Therefore, in this
study, we evaluated the effect of frying time on the oxidative stability of four oils, namely soybean oil (SO), canola oil (CO),
palm oil (PO), and pork lard oil (LO), which were reused up to 100 times.
Their acid values (AVs), peroxide values (POVs), thiobarbituric acid reactive substances (TBARS) values, and trans fatty
acid contents were measured after each frying cycle. According to the standard regulations, POVs cannot exceed 50 and 60 in
the case of fried oil and fried food, respectively. In addition, regulations require AVs not to exceed 2.5 and 5.0 in the case of
fried oil and fried food, respectively; however, these regulations only apply to common food and not meat products.
Therefore, to provide freshness information for meat product companies and consumers, in this study, linear regression
analysis was used to determine how many times SO, LO, CO, and PO can be used to safely fry sweet and sour pork.

Materials and Methods
Materials
Sweet and sour pork (Dongwon, Seoul, Korea) was purchased from a major local supermarket. Samples of sweet and sour
pork, each weighing 600 g, were prepared and stored in a freezer at −18℃ until they were required for various experiments.
Commercially available refined, bleached, and deodorized SO (Cheiljedang, Seoul, Korea), LO (Samyang, Seoul, Korea), CO
(Cheiljedang, Seoul, Korea), and PO (Ottogi, Seoul, Korea) were used as frying oils. Frying was conducted using a laboratory
deep-fat fryer (TF:20, Dong Yang Magic, Seoul, Korea). As the standard method, sweet and sour pork was deep-fat fried in a
thermostatically temperature-controlled fryer filled with 2.5 L of refined frying oil. To reach the required temperature, this
system was turned on 1 h prior to frying, and the sample was defrosted at 25℃.

Frying
After frying for 30 min, each sample was immediately withdrawn from the oil and gently blotted with dry tissue paper for
removing the excess surface oil. Before further analysis, each sample was allowed to cool to 25℃. After 1 h, a new sample
was fried using the same oil; this process was repeated (without any oil change) 100 times for 10 d (10 times per day). The
AV, POV, and TBARS values, and the trans fatty acid contents of each sample were measured.

Acid value
The AV of the frying oils and fried food were measured according to the AOAC official method. Ethanol:ether (1:2 v/v, 20
mL) was mixed with 1.0 g of the sample oil. AV was determined by titration with aqueous potassium hydroxide (KOH) using
phenolphthalein solution as the indicator. AV (mg KOH/g) was calculated as 5.611×(a–b)×f/sample weight (g), where a is the
input volume of KOH, b is the blank input volume of KOH, and f is a factor.

Peroxide value
The POVs of food and frying oil were measured according to the official method described by the AOAC (2000). Acetic
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acid:chloroform (3:2, 25 mL) was mixed with 1.0 g of the sample. Saturated potassium iodide solution (70 g of KI in 50 g of
water) was added, and the mixture was maintained in the dark for 10 min. After the addition of 30 mL of deionized water, the
POV was determined by titration with sodium thiosulfate.
The POV (meq/kg) was calculated as (a–b)×f/sample weight (g)×10, where a is the input volume of sodium thiosulfate, b is
the blank input volume of sodium thiosulfate, and f is a factor.

2-Thiobarbituric acid reactive substances (TBARS)
A 10 g sample was homogenized with 25 mL of 20% (w/v) aqueous trichloroacetic acid in 2 M phosphoric acid at room
temperature. Homogenization was performed at 14,000×g for 1 min with a homogenizer (HM-150IV, Hanil, Daejeon, Korea).
After homogenization, the sample was made up to 20 mL with distilled water, and the supernatant was filtered using
Whatman paper (No. 1). A 5-mL aliquot of the filtrate was reacted with 5 mL of 2-TBA (0.005 M in distilled water) in a test
tube and stored in the dark for 15 h. The optical density was measured at 530 nm using a spectrophotometer (Libra S22,
Biochrom, Cambridge, UK). The results were expressed using the following equation and reported in milligrams of
malonaldehyde (MDA) per kilogram; all determinations were performed in triplicate (Witte et al., 1970).
TBARS (MDA mg/kg) = (Optical density of sample – Optical density of blank) × 5.34

Fatty acid content
The trans fatty acid contents of the frying oils were measured according to the official Ministry of Food and Drug Safety
(MFDS, 2020) method. Gas chromatography was performed using an Agilent model 6890 instrument fitted with a 100
m×0.25 mm×0.2 μm SP-2560 capillary column (Supelco, Bellefonte, PA, USA) and flame ionization detector (FID). The
following GC-FID conditions were used: injection volume=1 µL, nitrogen carrier-gas flow rate=1.0 mL/min, and split
ratio=50:1 with constant flow control. The injector and detector temperature were set to 250℃ and 280℃, respectively. The
oven temperature was initially maintained at 180℃ for 40 min, and then increased to 230℃ at 3℃/min, after which the oven
temperature was maintained at 230℃ for 10 min.

Evaluating the frying limit
Frying oils for food (except animal products) have MFDS freshness regulations, which require that AVs and POVs should
not exceed 2.5 and 50, respectively. In addition, for fried food, food-freshness regulations require that AVs and POVs should
not exceed 5.0 and 60, respectively. Therefore, the available freshness of each frying oil/fried food sample and the maximum
number of times the frying oil can be used were estimated by correlating AV and POV data and were calculated as the earliest
times at which the quality criteria reached the quality limits stated in the MFDS regulations. Therefore, the time that each
quality limit was reached was established as the value of “x” computed by substituting the quality limit “y” in the regression
equation that relates the number of frying cycles with representative values of the appropriate factor (Utama et al., 2016).

Statistical analysis
All analyses were conducted at least three times under each set of experimental conditions. The average value and standard
deviation were calculated using Microsoft Excel. Analysis of variance was performed using Statistical Packaging for the
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Social Sciences for Windows version 10.0. Duncan’s multiple range test (p<0.05) was used to determine differences between
means.

Results and Discussion
AVs of frying oils and fried food
The AV is commonly specified for fats and oils; it is defined as the weight of KOH (in mg) needed to neutralize the
organic acids present in 1 g of fat and is a measure of the free fatty acids present in the fat or oil (Lee et al., 2012; Shin et al.,
1990). Control experiment with unused oil provided values of 0.03–0.13, 0.03–0.16, 0.03–0.09, and 0.03–0.19 for SO, LO,
CO, and PO, respectively, and no oil exhibited a significant change over the 10 d storage period. The AV of each frying oil
was observed to increase significantly with increasing reuse of the oil (reuse number) (Table 1), which is consistent with
other report (Yun et al., 2000). The AV was also found to depend on the degree of saturation of the oil, with the highest AV
observed for lard. When sweet and sour pork is fried in SO, the AV of the frying oil after a single use was found to be 0.28
mg KOH/g; the AV of the frying oil after 100 cycles of use was 5.41 mg KOH/g (an increase of 5.13), which is above 5.0, the
legally allowed maximum for frying oil for non-animal products. When sweet and sour pork was fried in LO, the AV of the
frying oil after single use was 0.38 mg KOH/g, which increased to 5.63 mg KOH/g after 100 cycles of use (an increase of
5.25). These results show that frying sweet and sour pork in LO, which has a higher degree of saturation, results in a higher
acid value. The AV increased from 0.26 mg KOH/g to 4.80 mg KOH/g over 100 frying cycles for CO, while PO exhibited
the smallest increase (1.16 mg KOH/g to 2.61 mg KOH/g over 100 frying cycles). Significant differences were found
between SO, LO, CO, and PO (p<0.05). These results are consistent with those of Lee et al. (2013), i.e., AV increases

Table 1. Change of acid value of frying oil and sweet and sour pork with reusing times
Frytime/
day

Frying oil
Soybean oil

Lard

Canola oil

Frying food
Palm oil

Soybean oil

Lard

Canola oil

Palm oil

0.54±0.00eB

0.60±0.17fB

0.56±0.12fB

1.96±0.89dA

Unused oil1) 0.03–0.13gAB 0.03–0.16gAB 0.03–0.09gAB 0.03–0.19eA
1 t/0 d

0.28±0.06fgB 0.38±0.12gB 0.26±0.00gB

10 t/1 d

1.09±0.31efA 1.29±0.68fA

0.74±0.20fgA 1.20±0.14dA

1.35±0.19deB

1.15±0.27efB

0.97±0.24efB

2.08±0.44cdA

20 t/2 d

1.67±0.86eA

0.81±0.18fgA 1.25±0.34dA

0.76±0.19eB

2.02±0.63defA

1.08±0.25efB

2.04±0.43cdA

30 t/3 d

1.77±0.20eAB 2.26±0.61eA 1.17±0.34efB 1.38±0.80dAB

1.61±0.72deAB 2.42±0.48cdeA

1.35±0.35efB

2.12±0.21cdAB

40 t/4 d

3.10±0.31dA

2.14±1.01cdA

2.49±0.58cdeA

1.76±0.61deA

2.19±0.22bcdA

50 t/5 d

3.77±0.15cdA 3.33±0.28dA 1.77±0.61deB 1.59±0.92cdB

2.92±0.68cA

2.97±0.49bcdA 2.49±0.41cdA

2.17±0.27bcdA

60 t/6 d

3.54±0.66cdA 4.28±0.52cA 2.08±0.41cdB 1.84±0.44bcdB

3.11±0.39cAB

4.19±0.97bA

70 t/7 d

3.54±0.72cdAB 4.14±0.08cA 2.97±0.51bB 1.86±0.51bcdC

4.28±0.74bA

3.89±1.37bcAB 3.83±0.71bAB

2.34±0.43bcdB

80 t/8 d

4.16±1.05bcA 4.73±0.18bcA 2.72±0.84bcB 2.08±0.34abcB

5.05±0.40abA

5.65±1.04aA

4.41±1.03bA

2.82±0.39abcB

90 t/9 d

4.83±0.55abA 5.01±0.37bA 4.45±1.22aA 2.28±0.25abB

5.92±0.61aAB

6.49±0.60aA

5.51±0.46aB

2.94±0.07abC

100 t/10 d

5.41±1.61aA

5.72±0.72aA

6.66±1.31aA

6.26±0.92aA

3.36±0.38aB

1.46±0.70fA

1.16±0.09dA

3.29±0.60dA 1.75±0.55deB 1.61±0.60bcdB

5.63±0.53aA 4.80±0.36aA 2.61±0.57aB

1)
Storage period with unused oil during the 10 days.
All values are mean standard deviation of three replicates.
a–g
Means within a column with different letters are significantly different (p<0.05).
A–C
Means within a row column with different letters are significantly different (p<0.05).
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regardless of the type of frying oil. The fried food also exhibited increases in AV during 100 frying cycles, from 0.54 mg
KOH/g to 5.72 mg KOH/g in SO, 0.60 mg KOH/g to 6.66 mg KOH/g in LO, 0.56 mg KOH/g to 6.26 mg KOH/g in CO, and
1.96 mg KOH/g to 3.36 mg KOH/g in PO.

Peroxide values of frying oils and fried food
The POV is a very important characteristic of lipid quality. The detection of peroxides provides initial evidence of
rancidity in an unsaturated fat or oil. While other parameters have been used, the POV is the most widely used parameter; it
provides a measure of the extent to which an oil sample has undergone primary oxidation. Control experiments provided
POVs of 0.20–1.00, 0.20–1.90, 0.10–0.90, and 0.70–1.40 for unused SO, LO, CO, and PO, respectively, over 10 d of storage.
POVs determined during 100 frying cycles are summarized in Table 2. POV was observed to increase as the frying time was
increased; hence, the levels of oxidation and rancidity also increased. The POV of SO increased during 70 frying cycles, but
it decreased slightly between 70 and 80 cycles and then increased again, with the highest POV of 65.83 observed after 100
cycles. The highest POV for LO (70.20) was observed after 100 frying cycles, and similarly CO and PO also exhibited their
highest POVs after 100 cycles, i.e., 62.50 and 14.70, respectively. The POV did not increase regularly in the early stages,
which can be attributed to an induction period that rapidly shortens with increasing oxidation temperature, leading to
instantaneous peroxide decomposition and formation of secondary compounds, such as alcohols, carboxylic acids, and
carbonyl compounds; consequently, a low POV is observed. Nevertheless, the POV had increased significantly at the end of
100 frying cycles. Therefore, after 100 frying cycles, the POVs of all the frying oils used in this study had increased, which is
consistent with the results of other studies (Kim et al., 1990; Shin and Kim, 1985). Therefore, since the POVs follow the
order: LO>SO>CO>PO, SO, CO, and LO are more likely to become rancid during frying than PO. Palm oil contains

Table 2. Change of peroxide value of frying oil and sweet and sour pork with reusing times
Frytime/
day

Frying oil
Soybean oil

Lard

Canola oil

Frying food
Palm oil

Soybean oil

Lard

Canola oil

Palm oil

Unused
oil1)

0.20–1.00jABC

1 t/0 d

1.66±0.29jC

10.80±0.04jA

0.690±0.00klD

6.27±0.06gB

6.80±0.60kB

7.43±0.05iA

7.49±0.10iA 7.36±0.15efAB

10 t/1 d

4.73±035iC

17.59±0.35iA

3.58±0.03jD

6.34±0.15gB

15.33±0.50iA

12.86±1.10hB

4.40±0.80jD 9.08±0.28cdC

20 t/2 d

14.50±0.51gA

8.46±0.05kB

5.33±0.11iD

6.30±0.11gC

11.16±0.63jB

13.03±2.15hAB

13.80±1.21gA 6.40±0.60fC

30 t/3 d

11.60±0.40hB

19.86±0.11hA

7.10±0.30hC

7.50±0.02fC

30.20±0.00gA

26.33±0.75gB

11.40±0.69hC 8.11±1.05deD

40 t/4 d

22.50±0.00fB

31.23±0.20fA

17.73±0.25gC

7.90±0.17efD

26.40±0.87hB

33.29±0.25fA

19.76±0.75fC 9.33±0.41cdD

50 t/5 d

32.40±0.85eB

28.00±0.00gC

34.30±0.95fA

8.24±0.05eD

44.13±0.23fA

26.40±1.24gC

36.13±1.10eB 8.93±0.85cdeD

60 t/6 d

52.13±0.46cB

54.46±0.41dA

51.30±0.26dC

8.16±0.28efD

53.40±0.52eB

56.26±0.46dA

45.60±1.03dC 10.20±1.41cD

70 t/7 d

54.66±0.23bA

49.93±0.70eB

46.00±0.65eC

9.23±1.05dD

54.93±0.23dA

50.56±0.60eB

47.16±1.05dC 10.50±1.08cD

80 t/8 d

48.33±1.61dC

63.73±0.64bA

54.46±0.40cB

10.33±0.80cD

64.10±1.05bB

61.70±0.86cC

69.33±0.90bA 13.66±0.61bD

90 t/9 d

51.43±2.57cC

60.20±0.91cA

56.53±0.75bB

13.53±0.83bD

57.73±0.46cC

66.20±1.11bA

63.60±1.44cB 13.53±0.25bD

100 t/10 d 65.83±1.45aB

70.20±1.90aA

62.50±0.55aC

14.70±0.70aD

78.40±1.21aB

82.60±1.58aA

78.90±1.27aB 16.83±1.72aC

0.20–1.90lmnABC 0.10–0.90kiABC*

0.70–1.40hABCD

All values are mean SD of three replicates.
1)
Storage period with unused oil during 10 days during the 10 days.
a–n
Means within a column with different letters are significantly different (p<0.05).
A–D
Means within a row column with different letters are significantly different (p<0.05).
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significant amounts of saturated fatty acids and palmitic acid; therefore, it is used as a solid oil at 25℃. The reason that PO
exhibits the lowest POV is that it is oxidized slowly, which reduces the production of volatile carbonyl compounds through
oxidation upon heating (Han et al., 1991). In contrast, vegetable fats and oils have high unsaturated fatty acid contents.
Hence, they become rancid quickly, which can be attributed to the high degree of unsaturation that leads to the formation of
large amounts of free radicals that produce hydroperoxides. These hydroperoxides decompose to form aldehydes and ketones
that tarnish the flavor of the oil. In addition, organic acids are produced by the thermal decomposition of double bonds and
the hydrolysis of esters; hence, rancidity increases strongly (Lee et al., 2004). These results are consistent with those of Lee et
al. (2000) who showed that the POV of SO increased more than those of other frying oils. In addition, this mechanism is
complicated and depends strongly on the type of frying oil and food. The POVs for fried food show similar results and trends
as the frying oils. After frying only once, the POV of sweet and sour pork fried in SO was 6.80 meq/kg, whereas it was 7.43
meq/kg in LO, 7.49 meq/kg in CO, and 7.36 meq/kg in PO. After frying 100 times, POVs of 78.40 meq/kg, 82.60 meq/kg,
78.90 meq/kg and 16.83 meq/kg were observed for SO, LO, CO, and PO, respectively. In the case of PO, the POV after one
frying cycle was measured to be 7.36 meq/kg, and it increased continuously with increasing storage and frying cycles. A
POV of 16.83 meq/kg was observed after frying 100 times in PO, indicating that the formation of peroxides and
decomposition occur more slowly in PO than in the other frying oils. This observation is ascribable to the high saturated fatty
acid content of PO that endows it with excellent characteristics in terms of oxidation and thermal safety, as discussed above.

TBARS values of frying oils and fried food
TBARS values of 0.077–0.283, 0.085–0.333, 0.078–0.263, and 0.055–0.299 were determined for unused SO, LO, CO, and
PO, respectively, after 10 d of storage. TBARS values determined during frying are presented in Table 3. The TBARS values
of the frying oils were observed to increase or decrease at various time intervals when frying sweet and sour pork. After 100
frying cycles, the TBARS values of the frying oils had increased significantly, with values of 3.142 MDA mg/kg, 3.454
MDA mg/kg, 2.187 MDA mg/kg, and 7.924 MDA determined for SO, LO, CO, and PO, respectively (Table 3). A similar
result was observed for the fried food, with TBARS values of 2.461 MDA mg/kg, 3.351 MDA mg/kg, 2.738 MDA mg/kg,
and 1.510 MDA mg/kg determined after frying 100-times in SO, LO, CA, and PO, respectively. However, because the
changes in the TBARS values during frying were irregular and that they correlated poorly with other factors, TBARS values
were not used as a shelf-live reuse prediction indicator.

Trans fatty acid contents
Trans fatty acid (tFA) contents during frying are presented in Table 4. The trans fatty acid contents of soybean, lard,
canola, and palm oils used for frying sweet and sour pork were measured. The tFA contents, as proportions of the of total fat
(as g/100 g fatty acid), were found to be 0.70, 0.58, 0.69, and 0.51 in the singly used SO, LO, CO, and PO, respectively. After
100 frying cycles and 10 d, SO, LO, CO, and PO exhibited tFA contents (g/100 g) of 0.85, 1.13, 0.86, and 0.61, respectively.
These results are consistent with those of Kim et al. (2006) who showed that trans fatty acid content increases during the
frying process. Therefore, the tFA levels increased significantly during the reuse of frying oil, with LO exhibiting the highest
tFA content after 100 frying cycles (Bochicchio et al., 2005; Indrasti et al., 2010). These results suggest that oxidative
polymerization caused by the production of free fatty acids, formation of carbonyl compounds, and polymerization during
high temperature heating occur during frying, i.e., the tFA content increases with the number of frying cycles and frying
temperature. In addition, as the trans fatty acids in the sweet and sour pork were released at the beginning of frying, the tFA
790
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Table 3. Change of TBA value of frying oil and sweet and sour pork with reusing times
Frying oil

Frying food

Frytime/
day

Soybean oil

Lard

Canola oil

Palm oil

Unused
oil 1)

0.077–
0.283gABCD

0.085–
0.333gABCD

0.078–
0.263gABC

0.055–
0.299fABCD

1 t/0 d

0.380±0.057gB

0.650±0.078fA

0.335±0.051fB

0.733±0.160eA

0.411±0.082cA 0.462±0.089dA 0.414±0.049eA

10 t/1 d

0.804±0.115fB

0.921±0.052fB

0.613±0.057fB

1.759±0.422deA

0.637±0.155cA 0.715±0.219dA 0.846±0.139deA 0.849±0.195bcA

20 t/2 d

1.116±0.154efAB 1.561±0.135eA

0.982±0.089dB

1.373±0.449deAB 0.900±0.095cB 0.801±0.131dB 1.147±0.147dA

30 t/3 d

1.273±0.128deB

2.338±0.351dA

0.828±0.052deB 2.071±0.430dA

1.575±0.237bA 2.023±0.545cA 1.907±0.349cA

40 t/4 d

1.551±0.151cdB

1.842±0.154eB

0.808±0.052deC 3.272±0.444cA

2.222±0.315abA 2.523±0.468cA 2.283±0.295bcA 1.106±0.243abcB

50 t/5 d

1.807±0.074bcC

2.882±0.310cB

1.698±0.319cC

3.909±0.709cA

2.030±0.395abB 2.663±0.308cA 2.321±0.358bcAB 0.640±0.146cC

60 t/6 d

1.640±0.409cBC 2.314±0.265dB

1.595±0.329cC

5.528±0.437bA

2.540±0.375aB 3.560±0.467bA 3.002±0.429aAB 1.068±0.353abcC

70 t/7 d

1.698±0.201cC

2.749±0.162cB

1.458±0.142cC

5.970±0.329bA

2.044±0.494abB 3.803±0.270bA 2.745±0.437abB 1.174±0.276abC

80 t/8 d

2.068±0.175bB

2.831±0.276cB

2.482±0.232aB

8.869±0.890aA

2.684±0.366aB 4.460±0.348aA 3.173±0.496aB

90 t/9 d

2.814±0.311aC

5.114±0.208aB

2.112±0.100bD

8.048±0.530aA

2.328±0.606aB 3.522±0.602bA 2.838±0.575abAB 1.085±0.291abcC

100 t/10 d 3.142±0.135aBC 3.454±0.315bB

2.187±0.084bC

7.924±1.064aA

2.461±0.670aB 3.351±0.226bA 2.738±0.268abAB 1.510±0.388aC

Soybean oil

Lard

Canola oil

Palm oil

0.630±0.206cA

0.750±0.142bcB
0.859±0.195bcB

1.140±0.225abC

All values are mean SD of three replicates.
1)
Storage period with unused oil during 10 the days.
a–g
Means within a column with different letters are significantly different (p<0.05).
A–D
Means within a row column with different letters are significantly different (p<0.05).

Table 4. Change of trans fatty acid content
Frytime/day

Frying oil (g/100 g)
Soybean oil

Lard

Canola oil

Palm oil

1 t/0 d

0.70

0.58

0.69

0.51

100 t/10 d

0.85

1.13

0.86

0.61

content appears to be high (Kim et al., 2006).

Estimating frying times
To analyze the relationships between AV and POV, we subjected the data obtained in the current study to linear regression
analysis (Fig. 1). An r2 value of 0.9301 was observed for SO, while values of 0.9191, 0.8014, and 0.9301 were determined for
LO, CO, and PO, respectively. Clearly, the formation of oxidation products is strongly related to changes in POV and AV
(r2=0.8014–0.9301). These results agree with those of Kim (2008) and Lee and Park (2010), revealing that AV and POV are
highly correlated. In contrast, the relationship between the TBARS value and oxidation is less correlated than those of the
other two oil-oxidation parameters (r2=0.5141–0.841). We next subjected the data in Tables 1 and 2 to linear regression
analysis to determine the maximum reusability of each oil, the results of which are summarized in Tables 5 and 6. Using AV
as the quality criterion, SO can be used 37 times before the quality threshold for oil is reached (r2>0.9389), whereas LO, CO,
and PO can be used 32, 58, and 87 times, respectively (Table 5). Using POV as the quality criterion, SO, LO, CO, and PO
can be used 69, 68, 77, and 450 times, respectively. According to the MFDS, regulations require frying oils for common
foods to have AVs of less than 2.5 mg KOH/g and POVs less than 50 meq/kg; however, there are no specific regulations for
791

Food Science of Animal Resources

Vol. 40, No. 5, 2020

Fig. 1. Relationships between the acid and peroxide values of the various frying oils used in this study. 1) SO, soybean oil; 2) LO, lard; 3)
CO, canola oil; 4) PO, palm oil.

Table 5. Linear regression analysis on the acid value and peroxide value of oils within deep-fat fryer according to deep-fat frying
number and fried food
Content
Acid value

Peroxide value

Edible oils

Linear regression analysis

r²

Quality limit

Exceed the standard times

Soybean

y=0.0571x+0.3891

r²=0.9480

Lard

y=0.0542x+0.7535

r²=0.9719

Canola

y=0.045x–0.1214

r²=0.9389

Palm

y=0.0159x+1.123

r²=0.9723

87

Soybean

y=0.6961x+0.9068

r²=0.9376

69

Lard

y=0.6502x+5.8745

r²=0.9403

Canola

y=0.7099x–4.9274

r²=0.9329

Palm

y=0.0991x+5.4001

r²=0.9059

37
2.5

50

32
58

68
77
450

Table 6. Linear regression analysis on the acid value and peroxide value of oils within deep-fat foods according to deep-fat frying
number and fried food
Content
Acid value

Peroxide value

Edible oils

Linear regression analysis

r²

Quality limit

Exceed the standard times

Soybean

y=0.0554x+0.4391

r²=0.9548

Lard

y=0.052x+0.8835

r²=0.9805

Canola

y=0.0634x–0.2032

r²=0.9723

Palm

y=0.0113x+1.7639

r²=0.8776

286

Soybean

y=0.6962x+5.3896

r²=0.9457

78

Lard

y=0.7356x+2.7805

r²=0.9415

Canola

y=0.7848x–3.1811

r²=0.9445

Palm

y=0.0789x+6.9566

r²=0.8595

82
5.0

60

79
82

78
81
672

oils used to fry animal-based foods and the corresponding fried foods. The analogous results for fried sweet and sour pork are
shown Table 6. Using AV as the quality criterion, SO can be used to fry sweet and sour pork 82 times before the quality
criterion is reached (r2=0.9), while LO, CO, and PO can be used 79, 82, and 286 times. Using POV as the quality criterion,
SO, LO, CO, and PO can be used 78, 78, 81, and 672 times, respectively. Regulations permit common fried foods to have
AVs below 5.0 mg KOH/g and POVs below 60 meq/kg; however, there are no specific regulations for edible oils used to fry
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animal-based foods such as pork, sweet and sour pork, pork cutlets, and their corresponding fried foods. Because animalbased foods contain significant amounts of protein and fat, they should be held to different standards than ordinary food.
Hence, based on our results, we suggest establishing regulations for frying oils for animal-based foods and their
corresponding fried foods, and our data may be useful for determining these food-quality regulations.
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