
ABSTRACT: The effects of microwave heating on the cooling
profiles of two vegetable oils (corn oil and soybean oil) were
studied using differential scanning calorimetry (DSC) and com-
pared to changes in chemical parameters. These oils were ex-
posed for several periods of time to three controlled treatments:
low-, medium-, and high-power settings, respectively. The DSC
results were derived from the cooling curve of oils at a scanning
rate of 5°C/min. The chemical analyses of the oils included per-
oxide value, anisidine value, free fatty acid content, iodine
value, and C18:2/C16:0 peak area ratio. A statistical compari-
son was carried out between DSC and the chemical parame-
ters. In general, correlations were good between these parame-
ters. Likewise, the experimental data showed that, for a given
microwave power setting, a good correlation existed between
DSC curve parameters and heating periods. These results indi-
cate that DSC can be used as an objective nonchemical, instru-
mental technique to monitor lipid oxidation in both tradition-
ally heated and microwave-heated oils. 
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Microwave heating is one of the most commonly used meth-
ods of food preparation today because of its convenience, ra-
pidity, and economy (1). Advances in equipment design,
trends in electrical energy costs, and research on food proper-
ties have provided a basis for modeling microwave heating
patterns that should stimulate the development of new and
improved commercial food processes. In the food industry,
microwave heating operations have been used with increas-
ing success in baking, blanching, cooking, drying, pasteuriza-
tion, sterilization, and thawing of various food products (2,3).
George (4) reviewed the application of microwave heating in
food processing with reference to the advantages and limita-
tions for a range of food processing operations.

Microwave penetration depths within a product are deter-
mined by the electrical and physical properties, heating pat-
terns, microbial inactivation, and safety (5) and can vary sig-
nificantly with chemical composition, product temperature,
and the frequency at which the microwave operates. Industrial
microwave systems are available in both batch and continuous
design configurations and use magnetrons that develop either
915 or 2450 MHz (6). Lassen and Ovesen (7) reviewed the ef-

fects of microwave heating on the nutritional constituents of
foods and concluded it does not change the nutrient content of
food to any greater extent than conventional cooking.

The chemical constituents of oils that degrade during mi-
crowave heating do so at rates that vary with heating temper-
ature and time, as with other domestic processing methods
(e.g., frying, steaming, and roasting). Suitable quality param-
eters therefore can be used as time–temperature integrators of
quality deterioration of oils during microwave heating. Moni-
toring of many of these parameters makes extensive use of
chemicals. Also, the methods for measuring such components
can be relatively complex and time-consuming, which can be
a major drawback in industrial applications. Instrumental
methods involving simpler and faster techniques for deter-
mining changes in oil are desired.

Differential scanning calorimetry (DSC) is an instrumen-
tal method available to the oils and fats researcher (8). This
technique is used for studying various heat-related phenom-
ena in materials by monitoring associated changes in en-
thalpy. It offers a sensitive and reproducible fingerprint
method for identification of vegetable oils and fats. DSC has
been used to describe and interpret thermal properties and
chemical composition of 17 vegetable oil samples in terms of
melting and crystallization behaviors (9), to monitor oxida-
tion processes (10), and to determine total polar compounds
in heated oils (11).

Yoshida et al. (12–14) studied the composition and oxida-
tive stability of edible oils during microwave heating. How-
ever, little has been reported on how microwave heating affects
thermal properties of vegetable oils. The primary purpose of
this research was to examine the influence of time–microwave
power interactions on the thermal properties and quality char-
acteristics of vegetable oils. A secondary objective was to in-
vestigate the correlation between DSC curve parameters and
other standard chemical methods in microwave-heated oils.

MATERIALS AND METHODS

Materials. Two different edible oils were used in this study.
Commercial corn oil (CO) and soybean oil (SO) were pur-
chased from a local grocery store and were used in all of the
experiments. All chemicals and solvents used were of analyt-
ical grade unless otherwise specified.

Microwave treatments. A domestic microwave oven (Na-
tional, Model NN-5656F; Matsushita Electric Industrial Co.,
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Ltd., Osaka, Japan) was used in this study. To standardize the
operation of the microwave oven for each heating test, we
took additional steps between tests. Between tests, the oven
door was opened and an electrical fan was used to blow am-
bient air into the oven cavity (max. 23 L) for 5 min to facili-
tate the cooling process. Thus, the temperature of the oven
was reduced to approximately 30 ± 2°C between tests. All oil
samples were simultaneously exposed at a frequency of 2450
Hz. There were three settings of heating corresponding to
low, medium, and high power, and when operated at high
power the oven provided ca. 900 W. Eighty grams of oil were
divided into two 40-mL amber bottles (40 g each; 4 cm i.d.),
which were placed at equal distances on the rotary turntable
plate of the microwave oven. The oil samples were heated for
various periods (4, 8, 12, 16, and 20 min) at each power set-
ting. The two samples were combined after microwave treat-
ment and before analysis. The temperatures of the heated oils
immediately after exposure for each time period were deter-
mined with a calibrated chromel-alumel thermocouple. These
temperature data are shown in Figure 1. All oil samples were
stored under nitrogen at −18°C for further analyses. Analysis

of oil was carried out immediately after the heating experi-
ments and completed within 2 wk. 

Standard chemical analysis. The AOCS Official Methods
were employed for determinations of free fatty acid (FFA)
content; iodine (IV), anisidine (AnV) and peroxide (PV) val-
ues in the oil samples (15). The fatty acid compositions of the
microwave-heated oil were analyzed by gas chromatography
(GC) after transesterification. GC analysis was performed as
described previously for edible oils (9). The peak area ratios
of C18:2/C16:0 were then calculated. 

DSC analysis. A PerkinElmer differential scanning calo-
rimeter, DSC-7 (PerkinElmer Corp., Norwalk, CT) was used
for thermal analysis of oil samples. Purified nitrogen
(99.999% purity) was the purge gas for the dry box and flowed
at ca. 20 mL/min. The DSC instrument was calibrated with in-
dium and n-dodecane. Samples of ca. 6–12 mg were weighed
into aluminum pans to the nearest of 0.1 mg, and covers were
hermetically sealed into place. An empty, hermetically sealed
aluminum pan was used as reference. Prior to analysis of sam-
ples, the baseline was obtained with an empty, hermetically
sealed aluminum pan. Samples were subjected to the follow-
ing temperature program: Sample was melted at 50°C and held
for 5 min before cooling to −100°C at the rate of 5°C/min. The
cooling curves of the samples showed three distinct crystal-
lization peaks (A: high-temperature, B: medium-temperature,
C: low-temperature peaks). The percentage areas of these
three peaks were calculated with the 7 Series/UNIX DSC soft-
ware library (16). The construction and designation of these
parameters are shown in Figure 2.

Statistical analysis. All experiments and/or measurements
were duplicated. The data were analyzed using the SAS/STAT
release 6.08 program (17). To examine the influence of mi-
crowave heating, data from the oils were analyzed as a 3 × 5 fac-
torial arrangement of treatments with microwave power (low,
medium, and high) and heating time (4, 8, 12, 16, and 20 min) as
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FIG. 1. Temperatures of oils heated in a microwave oven at three different
power settings: A, low-power setting; B, medium-power setting; C, high-
power setting. Lined bars, corn oil; stippled bars, soybean oil.

FIG. 2. Differential scanning calorimetry (DSC) cooling curve of unheated
corn oil. The techniques used for determination of the DSC peak areas are
indicated by the letters A, B, and C. The DSC peak areas are constructed by
using 7 series/UNIX software library (16).



main effects using the analysis of variance procedure. Duncan’s
multiple range test was applied for means with significant (P <
0.05) differences. The relationships between each of the DSC
curve parameters and standard chemical methods were deter-
mined by Pearson’s correlation analysis with the SAS program.

RESULTS AND DISCUSSION

The initial characteristics of unheated vegetable oils used in
this study are shown in Table 1. Microwave-heated oil sam-
ples were analyzed for PV, AnV, FFA, IV, and C18:2/C16:0
ratios. The major chemical and DSC parameter changes af-
fected by microwave heating and heating time are given in
Tables 2 and 3 and are in general agreement with those pub-
lished in the literature (14,18). In general, microwave heating
had significant (P < 0.05) effects on these quality parameters.
As expected, oil samples heated at high-power setting re-
flected significantly more heat abuse than oil samples heated
at medium- and low-power settings. Longer microwave heat-
ing times resulted in a greater degree of oil deterioration.
There were only minor increases or decreases (P < 0.05) in
parameters such as AnV, FFA, IV, and C18:2/C16:0 (Table 2),
in oil heated at low power. Thereafter, highly significant (P <
0.05) increases or decreases for these values were noticed for
oil samples heated at higher microwave power settings. 

Changes in PV during microwave heating are presented in
Table 2. Some investigators (19) consider edible oils with a
PV of 7.5 meq/kg to be sensorily unacceptable. At a low-
power setting, the PV of CO exceeded this value by 20 min of
heating, whereas for SO, the PV surpassed this value at all
three power settings at various times. PV for the CO samples
heated at medium- and high-power settings exhibited one (at
8 min of heating) and two (at 4 and 20 min of heating) max-
ima, respectively. The formation of hydroperoxides was more
pronounced at the low-power setting than at the medium- and
high-power settings. This results from rapid decomposition of
hydroperoxides to secondary oxidation products at elevated
temperature. They are extremely unstable and decompose via
fission, dehydration, and formation of free radicals to yield a
variety of chemical products, such as alcohols, aldehydes, ke-
tones, acids, dimers, trimers, polymers, and cyclic compounds.

Similar changes were noted for microwave-heated SO. In gen-
eral, PV do not indicate the absolute state of lipid oxidation
because hydroperoxides are unstable on heating, resulting in
rapid transformation to secondary products (20).

The AnV of microwave heated oils are given in Table 2.
This oxidation parameter was generally higher in SO samples
than in CO. The SO AnV increased slightly more rapidly than
the CO, mainly because of its highly unsaturated nature (SO
is especially high in linoleic acid content). Generally, the oil
AnV increased slowly in the low-power setting and more
rapidly in the medium- and high-power settings. As compared
to PV, the AnV is a more meaningful test because it measures
the accumulation of secondary oxidation products (aldehyde
compounds). 

Table 2 also shows the effect of microwave heating on
changes in FFA for CO and SO at three different microwave
power settings. FFA content is an index of hydrolytic rancid-
ity and contributes to the development of off-flavors and off-
odors in the oil. Generally, there were no significant differ-
ences (P > 0.05) in the FFA contents for all oils until 8 min of
heating. FFA of the two oils increased slightly with longer
heating time owing to significant (P < 0.05) production of
fatty acids by microwave energy. In general, the FFA content
for SO at all power settings and heating duration was much
lower than that of CO, mainly as a result of the lower initial
FFA content of SO.

IV, a measure of overall unsaturation, gradually decreased
with the increased heating power settings and times (Table 2).
For CO, the changes in IV from 4 to 20 min of heating were
1.7, 3.6, and 4.0 g I2/100 g for low-, medium-, and high-
power settings, respectively. For SO, these values were 2.8,
5.6, and 8.00 g/100 g, respectively. The reductions in IV were
greatest for oil samples heated at the high-power setting. In
terms of different types of oils, the reduction was higher for
SO than for CO. The reduction in IV during heating is often
taken as a measure of oil deterioration (21). The analysis is
analogous to that for reduction of unsaturated fatty acids in
oil samples. 

C18:2/C16:0 ratios in Table 2 reflect a decrease in the rel-
ative percentage of unsaturated fatty acids and an increase in
the relative percentage of saturated fatty acids when CO and
SO are microwave heated (4). Linoleic and palmitic acids are
usually used as indicators of the extent of fat deterioration
because linoleic acid is more susceptible to oxidation,
whereas palmitic acid is more stable toward oxidation. The
C18:2/C16:0 for microwave-heated oil decreased with in-
creased heating power settings. 

DSC cooling curves for CO and SO samples heated at high-
power settings for different durations are affected in a system-
atic way (Figs. 3,4). Similar changes were noted for CO and
SO samples heated at low- and medium-power settings. All
curves have three distinct exothermic peaks (A, high-tempera-
ture peak; B, medium-temperature peak; and C, low-tempera-
ture peak), which may correspond to three triacylglycerol
(TAG) groups (monounsaturated TAG, diunsaturated TAG,
and triunsaturated TAG) (9). For CO, the original percentage
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TABLE 1
Characteristics of Unheated Vegetable Oils Used in Experimentsa

Characteristics Corn oil (CO) Soybean oil (SO)

Peroxide value (meq/kg oil) 3.7 ± 0.0 4.2 ± 0.3
Anisidine value 2.0 ± 0.1 1.0 ± 0.00
Free fatty acid (%) 0.10 ± 0.00 0.04 ± 0.00
Iodine value (g of I2/100 g oil) 127.6 ± 0.9 131.1 ± 0.9
C18:2/C16:0 ratio 5.0 ± 0.0 5.9 ± 0.0
DSC peak area (%)

A 34.7 ± 0.4 33.8 ± 0.6
B 42.6 ± 0.8 49.3 ± 0.8
C 22.7 ± 0.6 16.9 ± 0.1

aEach value in the table represents the mean ± standard deviation of four
measurements from two replicates. C18:2/C16:0, ratio of linoleic acid/
palmitic acid.
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TABLE 2
Changes in Chemical Characteristics of Edible Oils During Microwave Heatinga

Heating Peroxide value Anisidine Free fatty Iodine value
Oil Power time (min) (meq/kg oil) value acid (%) (g of I2/100 g oil) C18:2/16:0

CO Low 4 3.7 ± 0.2e 2.4 ± 0.0e 0.10 ± 0.01d 127.0 ± 0.4a 5.0 ± 0.0a

8 4.0 ± 0.0d 2.4 ± 0.1d 0.11 ± 0.00c 127.0 ± 0.6a,b 4.9 ± 0.1a

12 4.4 ± 0.2c 2.6 ± 0.0c 0.12 ± 0.00b,c 126.2 ± 0.5b,c 4.8 ± 0.1b

16 5.6 ± 0.0b 2.7 ± 0.0b 0.12 ± 0.00a,b 125.8 ± 0.4c,d 4.7 ± 0.0b,c

20 8.2 ± 0.2a 3.0 ± 0.0a 0.12 ± 0.00a 125.3 ± 0.2d 4.7 ± 0.0c

Medium 4 5.4 ± 0.2b 3.1 ± 0.0e 0.11 ± 0.00c 127.1 ± 0.2a 5.0 ± 0.0a

8 5.7 ± 0.2a 7.2 ± 0.1d 0.11 ± 0.00c 126.0 ± 0.3b 4.8 ± 0.1b

12 4.0 ± 0.1c 17.4 ± 0.2c 0.12 ± 0.01b 124.9 ± 1.2c 4.7 ± 0.1c

16 3.5 ± 0.0d 24.0 ± 0.0b 0.12 ± 0.00a,b 124.2 ± 0.5c,d 4.6 ± 0.1c,d

20 3.3 ± 0.0d 26.0 ± 0.2a 0.13 ± 0.00a 123.5 ± 0.0d 4.5 ± 0.1d

High 4 5.9 ± 0.6a 4.3 ± 0.0e 0.11 ± 0.00c 127.0 ± 0.2a 4.9 ± 0.0a

8 4.4 ± 0.0b 16.0 ± 0.1d 0.12 ± 0.00c 126.1 ± 0.1a 4.7 ± 0.0b

12 3.4 ± 0.2c 21.3 ± 0.0c 0.12 ± 0.00c 124.8 ± 2.1a,b 4.5 ± 0.1c

16 4.7 ± 0.0b 26.1 ± 0.0b 0.14 ± 0.01b 122.3 ± 1.4c 4.3 ± 0.0d

20 5.9 ± 0.0a 27.2 ± 0.1a 0.16 ± 0.02a 123.0 ± 2.2b,c 4.3 ± 0.0d

SO Low 4 4.8 ± 0.1e 1.3 ± 0.0e 0.04 ± 0.00c 131.0 ± 0.1a 5.9 ± 0.1a

8 5.3 ± 0.1d 1.7 ± 0.0d 0.04 ± 0.00c 131.0 ± 0.4a 5.8 ± 0.1a

12 5.5 ± 0.1c 2.1 ± 0.0c 0.04 ± 0.00c 129.6 ± 0.7b 5.7 ± 0.1b

16 6.8 ± 0.1b 2.4 ± 0.1b 0.05 ± 0.01b 129.2 ± 0.7b 5.6 ± 0.1c

20 11.2 ± 0.1a 2.7 ± 0.0a 0.06 ± 0.00a 128.2 ± 0.7c 5.5 ± 0.0c

Medium 4 6.7 ± 0.1b 1.5 ± 0.0e 0.04 ± 0.00a 130.8 ± 0.4a 5.8 ± 0.0a

8 8.7 ± 0.2a 7.2 ± 0.0d 0.04 ± 0.01a,b 130.8 ± 0.2a 5.7 ± 0.0a

12 2.7 ± 0.0c 20.3 ± 0.0c 0.05 ± 0.00b,c 129.7 ± 0.7a,b 5.6 ± 0.1b

16 2.8 ± 0.1c 24.7 ± 0.0b 0.05 ± 0.01c,d 126.9 ± 0.8b,c 5.5 ± 0.0b

20 2.6 ± 0.1c 32.3 ± 0.2a 0.06 ± 0.01d 124.9 ± 4.0c 5.3 ± 0.1c

High 4 9.4 ± 0.1b 4.1 ± 0.0e 0.04 ± 0.00c 131.1 ± 0.8a 5.8 ± 0.0a

8 4.2 ± 0.0c 19.3 ± 0.1d 0.04 ± 0.00b,c 130.1 ± 0.1a 5.7 ± 0.2a,b

12 3.3 ± 0.1e 20.8 ± 0.2c 0.05 ± 0.01b 128.5 ± 1.3a,b 5.5 ± 0.1b

16 3.8 ± 0.1d 27.8 ± 0.0b 0.08 ± 0.01a 126.3 ± 2.1b,c 5.2 ± 0.3c

20 9.8 ± 0.4a 34.9 ± 0.5a 0.09 ± 0.00a 123.1 ± 4.2c 4.9 ± 0.1d

aEach value in the table represents the mean ± standard deviation of four measurements from two replicates. For each heating power, means within each
column with different superscripts are significantly (P < 0.05) different. For abbreviations see Table 1.

FIG. 3. DSC cooling curves of corn oil (CO) samples heated at the high-
power setting for different heating times (4, 8, 12, 16, and 20 min).

FIG. 4. DSC cooling curves of soybean oil (SO) samples heated at the high-
power setting for different heating times (4, 8, 12, 16, and 20 min).



areas of these three exotherms before microwave heating were
35.2, 42.2, and 22.6% for A, B, and C, respectively. For SO,
these values were 33.5, 49.6, and 17.0, respectively. In gen-
eral, as the time of heating increased, the area of C decreased
dramatically (Table 3). However, the changes in peak area
were less pronounced in A and B for both CO and SO during
microwave heating. The trends became more pronounced (P <

0.05) at higher microwave power settings. This may be attrib-
uted to the disappearance of unsaturated TAG and the forma-
tion of more saturated TAG (9). Here again, the decrease or
increase of each DSC exothermic peak was dependent on mi-
crowave power settings, and the decrease and increase were in
the order: low power < medium power < high power.

The matrix of correlation coefficients between each of the
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TABLE 3
Changes in Characteristics of Corn and Soybean Oils During Microwave Heatinga

Heating Peak area (%)

Oil Power time (min) A B C

CO Low 4 35.5 ± 0.1b 41.9 ± 1.1d 22.6 ± 1.2a

8 34.6 ± 0.2c 44.4 ± 0.1c 21.0 ± 0.3b

12 35.8 ± 0.4b 45.7 ± 0.6a,b 18.5 ± 0.2c

16 36.8 ± 0.2a 45.0 ± 0.2b,c 18.3 ± 0.4c

20 37.0 ± 0.3a 46.3 ± 0.2a 16.6 ± 0.2d

Medium 4 34.9 ± 0.2c 44.6 ± 0.4d 20.6 ± 0.6a

8 33.3 ± 0.1d 50.2 ± 0.3b,c 16.5 ± 0.2b

12 35.6 ± 1.2c 49.6 ± 1.2c 14.8 ± 0.0c

16 36.6 ± 0.4b 51.0 ± 0.1a,b 12.4 ± 0.4d

20 37.5 ± 0.3a 51.5 ± 0.5a 11.0 ± 0.2e

High 4 32.5 ± 0.5e 49.0 ± 0.2d 18.4 ± 0.3a

8 34.2 ± 0.2d 51.4 ± 0.0c 14.4 ± 0.2b

12 36.9 ± 0.1c 55.4 ± 0.5b 7.7 ± 0.4c

16 39.0 ± 0.3b 54.1 ± 0.5a 6.9 ± 0.2d

20 40.8 ± 0.6a 55.6 ± 0.8a 3.6 ± 0.3e

SO Low 4 33.3 ± 0.5b,c 50.0 ± 0.5c 16.8 ± 0.0a

8 32.6 ± 1.2c 51.8 ± 0.9b 15.7 ± 0.4b

12 34.5 ± 1.1a,b 52.0 ± 0.9b 13.5 ± 0.2c

16 34.8 ± 1.1a,b 52.7 ± 0.8b 12.4 ± 0.3d

20 35.5 ± 1.1a 54.2 ± 1.2a 10.3 ± 0.1e

Medium 4 33.8 ± 0.1c 50.0 ± 0.2d 16.3 ± 0.2a

8 33.8 ± 0.2c 51.8 ± 0.7c 14.4 ± 0.5b

12 34.5 ± 0.1b 54.0 ± 0.3b 11.6 ± 0.2c

16 34.7 ± 0.4b 54.8 ± 0.4a 10.5 ± 0.0d

20 35.6 ± 0.8a 55.4 ± 0.7a 9.0 ± 0.0e

High 4 33.0 ± 0.1d 53.8 ± 0.5d 13.2 ± 0.4a

8 34.2 ± 0.9c 55.2 ± 0.7b,c 10.7 ± 0.2b

12 35.3 ± 0.5b 56.0 ± 0.2a 8.7 ± 0.3c

16 37.2 ± 0.9a 54.9 ± 0.6c 7.9 ± 0.3d

20 37.2 ± 0.1a 55.8 ± 0.3a,b 7.0 ± 0.4e

aEach value in the table represents the mean ± standard deviation of four measurements from two
replicates. For each heating power, means within each column with different superscripts are signifi-
cantly (P < 0.05) different. For abbreviations see Table 1.

TABLE 4
Corn Oil Data—Pearson Correlation Coefficient (n = 5) Between DSC Curve Parameters, Heating Time, and Wet Chemical Methodsa

DSC peak area A DSC peak area B DSC peak area C

Low Medium High Low Medium High Low Medium High

Heating time 0.8425 0.8349 0.9977** 0.8761 0.8328 0.8864* −0.9750** −0.9819** −0.9728**
PV 0.8295 −0.9394* 0.0333 0.6987 −0.6030 0.3566 −0.8422* 0.8555 0.1483
AnV 0.8401 0.8633 0.9456* 0.8131 0.7928 0.9276** −0.9287* −0.9643** −0.9629**
FFA 0.7123 0.8343 0.9450* 0.9445* 0.8199 0.7337 −0.9706** −0.9720** −0.8719
IV −0.8611 −0.8074 −0.9486* −0.8701 −0.8588 −0.8027 0.9783** 0.9895** 0.9062*
C18:2/C16:0 −0.8504 −0.7922 −0.9859** −0.8786* −0.8643 −0.9196* 0.9800** 0.9869** 0.9817**
aAbbreviations: PV, peroxide value; AnV, anisidine value; FFA, free fatty acid; IV, iodine value; C18:2/C16:0, ratio of linoleic acid/ palmitic acid; DSC, dif-
ferential scanning calorimetry. **Significance at 0.01 level (P < 0.01); *significance at 0.05 level (P < 0.05).



DSC curve parameters and standard chemical methods for
CO and SO are shown in Tables 4 and 5, respectively. For CO
and SO samples, the DSC peak area of C revealed good cor-
relation with the heating periods and standard chemical meth-
ods. For the DSC peak areas of A and B, the results showed
good correlations with heating periods and standard chemical
methods only at high-power settings. However, correlations
were poor between each of the DSC curve parameters and PV.
This may be due to the rapid decomposition of hydroperox-
ides to secondary products during microwave heating. In gen-
eral, the high correlation found between each of the DSC
curve parameters and heating periods suggests that DSC can
be recommended as an appropriate objective method for
evaluating the extent of oil deterioration during microwave
heating. The DSC method can therefore be employed as a
time–microwave power indicator during microwave heating.
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TABLE 5
Soybean Oil Data—Pearson Correlation Coefficient (n = 5) Between DSC Curve Parameters, Heating Time, and Wet Chemical Methodsa

DSC peak area A DSC peak area B DSC peak area C

Low Medium High Low Medium High Low Medium High

Heating time 0.8940* 0.9521* 0.9744** 0.8940* 0.9705** 0.6820 −0.9937** −0.9878** −0.9687**
PV 0.7796 −0.8157 −0.1150 0.8771 −0.8285 −0.3440 −0.8865* 0.8440 0.2100
AnV 0.8851* 0.9541* 0.9369* 0.9697** 0.9820** 0.7520 −0.9909** −0.9971** −0.9664**
FFA 0.9154* 0.9756** 0.9540* 0.9176* 0.9595** 0.3975 −0.9740** −0.9853** −0.8503
IV −0.9645** −0.9599** −0.9274* −0.9081* −0.8475 −0.5861 0.9913** 0.8951* 0.8992*
C18:2/C16:0 −0.9307* −0.9672** −0.9482* −0.9131* −0.9633** −0.5514 0.9785** 0.9861** 0.9019*
aFor abbreviations: see Table 4. **Significance at 0.01 level (P < 0.01); *significance at 0.05 level (P < 0.05).


