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Aliphatic Aldehydes Produced by Heating Chinese Cooking
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The Chinese style of cuisine requires steaming, boiling, or using oil to pan fry or
deep fry. If the cuisine is prepared by stir-fry, the cooking oil in the fry pan is
ordinarily heated in advance to approximately 300°C. A variety of chemical
reactions occur while the temperature of the cooking oil in the pan is being
elevated and the cooking materials are finally loaded into the hot pan. Chemicals
in fumes generated from pan fry cooking are thought to be associated with
contents of cooking oil and foods. Indoor exposure to the fume has been
associated with respiratory diseases as an important risk particularly for women
and cookers in Taiwan and other areas where pan-fry cooking is popular (Ko et al,
1997; Law and Day, 1976; Schoenberg et al, 1984; Coggon et al, 1984; Coggon
and Wield, 1993). Several studies have identified carcinogens in the fume,
including benzo[a]pyrene, dibenz[a,h]anthracene, benzene and formaldehyde (Li
et al, 1994; Shields et al, 1995). Bioassay has also demonstrated that the
condensate of the fume from cooking oils and foods is genotoxic and mutagenic
(Berg et al, 1988; Berg et al, 1990; Felton et al, 1986).

This study was to quantitate volatile aliphatic aldehydes produced in the fume--
including formaldehyde, acetaldehyde, acrolein and propionaldehyde--while
soybean oil, peanut oil and homemade pork lard were being heated at selected
temperatures resemble to pan frying conditions.

METHODS AND MATERIALS

The homemade lard was extracted by heating the subcutaneous fat of pork and
filtered using greaseless cotton while it was being cooled to room temperature.
Peanut oils and soybean oil were purchased from a certified food manufacturer in
Taiwan with a purity of 99.9% and containing no additive antioxidant. Each oil
sample (340 ± 9 mg) was measured into an iron planchette (diameter 3 cm) with a
fringe (high 1.5 cm) at room temperature, and then heated at a selected and
controlled temperature. The levels of temperature selected for tests were 150 ± 2
°C, 200 ± 2°C, 250 ± 2°C, 300 ± 2°C, 350 ± 2°C and 400 ± 2°C. The sample
should not be charred when heated for 30 minutes at 150°C, 200°C, 250°C or 300
°C , for 5.5 minutes at 350°C and for 3 minutes at 400°C. Each pyrolysis test for
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Figure 1. Schematic diagram for generation and collection of cooking oil fume

each oil sample was performed in triplicate at each selected temperature. The
fume was collected using glass fiber filters (37 mm, 225-7 SKC, USA)
incorporated with the Sep-Pak DNPH-silica cartridges (37500, Millipore, USA) at
a flow rate of 1.6 L/min. The Sep-Pak DNPH-silica cartridge contained 0.35g
silica gel coated with 1.0 mg 2,4-dinitrophenyl hydrazine (2,4-DNPH). The
sampling probe was located at a distance of 30 cm away from the iron planchette.
All the setup for fume generation and sample collection was placed inside a
specially designed hood (155 x 67 x 120 cm), as shown in the schematic
diagram in Figure 1.

The filter paper was weighed before and after sampling, and was subsequently
extracted with 5 mL acetonitrile containing 0.125 mg 2,4-DNPH (GR,3081,
Merck, Germany), then filtered with a syringe filter (PTFE, 13 mm, 0.45 µ m,
Gelman , USA). The Sep-Pak cartridge was eluted with 5 mL acetonitrile at a
flow rate of 3 mL/min. After spiking with 10 µ L internal standard (0.1 mg/mL of
p-terphenyl, Fluka, Switzerland) in 1 mL sample of extract or eluate, the sample
was analyzed using a high performance liquid chromatograph (HPLC) (PU-980,
Jasco, Japan) equipped with an absorbance detector (UV/VIS Detector, UV 975,
Jasco, Japan) operating initially at 254nm for 11 minutes and then at 277nm. The
reverse phase column (Enviro Sep-PP, 125x 3.20 mm, Phenomenex, USA) was
applied to the mobile phase of acetonitrile/deionized water. The programming
solvent gradient was conducted at a flow rate of 1 mL/min. The initial
composition of acetonitrile was 40%, which increased linearly to 83% within 20
minutes, and then decreased to 40% in the succeeding 10 minutes.
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The HPLC chromatograms of aliphatic aldehyde were obtained and recorded in a
computerized data processing system (Shung Hwa Co., Taiwan). The retention
time for formaldehyde, acetaldehyde, acrolein and propionaldehyde relative to
that of p-terphenyl was calculated, respectively. Upon the relative retention time,
each aldehyde was identified.

Standard materials of formaldehyde, acetaldehyde and propionaldehyde were
purchased from Merck, Germany. Acrolein (100% TK151) was purchased from
the THETA Corp, Germany. Each was utilized to prepare a series of standard
solution with the concentration ranged from 0.1 µ g/mL to 2.0 µ g/mL. The
calibration curve for each aldehyde was plotted by the corresponding area ratio
versus the concentration ratio of aldehyde standard to internal standard. The limits
of detection were 11 ng/mL, 24 ng/mL, 20 ng/mL and 13 ng/mL respectively for
formaldehyde, acetaldehyde, acrolein and propionaldehyde.

RESULTS AND DISCUSSION

Figure 2 shows that the particulate mass increased with the elevation of
temperature when the cooking oils were heated between 150°C and 400°C.
However, HPLC chromatograrn showed no particulate-bound aldehyde in the
acetonitrile extracts of filter-collected samples. In fact, the recoveries of DNPH
derivatives of particulate-bound aldehydes were unknown although a satisfactory
recovery (averaged 114 ± 6%) was obtained as the authentic DNPH derivatives of
aldehydes were spiked on the plain filter and extracted by acetonitrile. Under this
condition, we suppose that aliphatic aldehydes occurred only in gas phase. The
chromatogram in Figure 3 shows peaks for DNPH derivatives of formaldehyde,
acetaldehyde, acrolein and propionaldehyde and several unidentified components.
The unidentified peaks were likely DNPH derivatives of other aldehydes and
ketones due to a Schiff reaction.

The aldehydes are formed in a various species and concentrations in the pyrolysis ,
depending on the kind of cooking oil heated and the temperature applied to the oil.
Table 1 lists the average yields of formaldehyde, acetaldehyde, acrolein and
propionaldehyde by temperature and oil applied. The average yield of total
aliphatic aldehydes was less than 0.5 ppm/mg-min for most tests if the heating
temperature was 300°C or less, regardless of the type of cooking oil. An
exception, due to higher yield of acrolein, was 1.5 ppm/mg-min of total aldehyde
measured for the fume of soybean oil or the lard at 150°C. This implies that parts
of material in the oil were pyrolyzed earlier even at a lower temperature. The
pyrolysis process was slower until higher temperature reached.

Table 1 also shows elevated yields of aliphatic aldehydes were noticeable when
the temperature raised to 350°C and 400°C. At the elevated temperature, acrolein
was at the highest yield from both soybean oil and peanut oil, followed by
formaldehyde, acetaldehyde and propionaldehyde. The heated pork lard produced
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Figure 2. The oil-generated particulate mass at selected heating temperatures

an exceptionally high amount of formaldehyde (10.9 ppm/mg-min) at 400°C
 followed by much lowered acetaldehyde (1.04 ppm/mg-min), acrolein (0.66

ppm/mg-min), and propionaldehyde (0.33 ppm/mg-min). It is apparent that
formaldehyde and acrolein were the major aldehyde species derived from heating
cooking oils.

Figure 4 further demonstrates the relationship between the yield of aldehyde and
the temperature applied to the oil. The lowest yield for all types of aldehyde
occurred at the temperatures between 200°C and 300°C. We considered this
temperature as the break point prior for the re-initiation of aldehyde formation.
Incidentally, the temperature ordinarily used for household cooking is 300°C and
it may thus reduce the human exposure to these fumes. It is worthwhile to
investigate whether women with lung cancer cook at higher temperatures leading
to greater exposure to chemicals generated in the fume.
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Figure 3. The HPLC chromatogram of the 2,4-dinitrophenyl hydrazine (2,4-
DNPH) derivatives of volatile aldehydes in cooking oil fumes

It has been reported that a significant amount of hexanal and aldehyde esters is
detectable by heating samples of linoleic acid and its esters at a lower temperature
(180°C) due to autoxidation (Henderson et al, 1980). In contrast, relative large
quantities of nonpolar components, especially the cyclic hydrocarbons, present in
the fume generated from heating linoleic acid and its esters at 250 °C(Henderson
et al, 1980). Similarly, the lower yields of aldehyde occurred at 250-300°C in this
study might be due to the intramolecular cyclization and dimerization of
unsaturated fatty acids. The higher yields of aldehyde at 350°Cand above may
involve a large number of reactions including the thermolytic decomposition and
oxygen attack on saturated fatty acids.

We have been unable to simplify mechanisms that can yet account for the
quantitative differences observed at various temperatures. However, this study did
demonstrate that oils are decomposed to a series of aldehydes that differ in species
and amounts depending on the applied temperature. In conclusion, this study
suggests that higher amount of acrolein can be recovered by heating oils at all
temperature levels while exceptional high amount of formaldehyde is produced
from heating pork lard at 400°C.
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Table 1. Average yield of aliphatic aldehyde by applied temperature and heated cooking oil



Figure 4. Relationship between the concentration of aldehyde and the
temperature of heating oil
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