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ABSTRACT

Butylated hydroxytoluene (BHT) was widely used to protect oxidation and rancidity of food products con-
taining fats and oils since it had high antioxidant activity. In this study, samples of edible vegetable oils
from 25 local markets in Chiang Mai province and Mae Hong Son province were determined for BHT
contents by gas chromatography-mass spectrometry (GC-MS). Of 18 vegetable oil samples, 3 palm oil
samples from the local markets contained BHT in the range of 6.8-86.1 ug/g. The extracts of edible
vegetable oil samples had 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity in the range
of 7.5 to 75.8% which had gallic acid equivalent and BHT equivalent concentrations in the ranges of 6.5
to 65.9 mg/g and 17.2 to173.0 mg/g, respectively. Three different home-cooking conditions were tested
for thermal stability of BHT in the samples of palm oil. It was found that cooking temperatures at 98-100
°C by boiling or stir-frying for 1-15 min lost BHT 24-31% in the oil, while deep frying at 200+10 °C for 5-
15 min showed 46-62% loss of BHT.
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MATERIALS AND METHODS

Materials
Standard 2,6-di-tert-butyl-4-

methylphenol (BHT) and gallic acid were purchased

solutions of

from Sigma-Aldrich (Germany). Methanol and ace-
tonitrile were purchased from JT Baker (USA). All
chemicals were of analytical grade. Eighteen edi-
ble vegetable oil samples were purchased from
local markets in Amphoe Sansai and Amphoe

Muang, Chiang Mai, Thailand.

Preparation of BHT and gallic acid standards

A standard stock solution 0.1% (w/v) of BHT and
gallic acid were dissolved in acetonitrile. The volu-
metric flask was shaken until a homogenous and
clear solution was formed. The stock solution was
covered with aluminum foil and stored in a refrig-
erator (~4 °C). Fresh standard solutions were pre-
pared by dilution of an appropriate amount of the

stock solution in acetonitrile on the day of use.

Sample preparation

One gram of each edible vegetable oil sample was
put into a 20 ml sample bottle and then 2 ml of ace-
tonitrile were added, secured the screw, shook and
sonicated for 15 min. The sample extract was kept
in a freezer at -20 °C for 1 hour. The clear portion
was collected and sonicated. 1-2 pl of the sample

solution was injected to a GC-MS system.

Measurement of radical scavenging activity

The method was adapted from Erasto et af and
Miraliakbari and Shahidi.” Briefly, 2 ml of 1,1-
diphenyl-2-picrylhydrazyl (DPPH) solution (0.1 mM)
in methanol was mixed with 1 ml of oil extracts (ten-
fold dilution) and mixed thoroughly, left to stand for
30 min in the dark until stable absorption values
were obtained. BHT and gallic acid were used as

reference antioxidant compounds. The absorbance

of remaining DPPH radicals was read at 517 nm
using a spectrophotometer (HITACHI, Model U-
1100, Japan). Analysis of each assay solution was
done in triplicate. The scavenging of DPPH radi-
cals was calculated according to the following

equation:

DPPH radical scavenging activity (%) =
[(Acontrol = Asample)/AcontroI] x 100

Thermal stability of BHT in palm oil

To investigate thermal stability of BHT in palm oil
samples, the oil was heated in an electric pan,
with temperature controlled at 200+10 °C. This
condition was similar to a deep fried cooking con-
dition in home kitchen of Thai people. At each 5
min interval, an aliquot of the fried oil (2 ml) was
collected for extraction by acetonitriie and sub-
jected to GC-MS analysis. Cooking condition by
heating oil in boiling water with temperature con-
trolled at 98 °C, at 5 minute interval, an aliquot of
the cooking oil (2 ml) was collected for extraction
and analysis. Cooking condition by stir-frying, the
oil was stir-fried in mixture of water:oil (1:10), tem-
perature was controlled at 100+5 °C. At 1 minute
interval, an aliquot of stir-fried oil (2 ml) was col-
lected for extraction and analysis. Preparation of
these samples was described in the above prepa-
ration of samples. 1 ul of the sample extract solu-

tion was injected to a GC-MS system.

GC-MS analysis

GC-MS analysis was performed using Agilent
6890 (Agilent Technologies, USA) equipped with
column HP-5MS (Agilent Technologies), 30 m x
250 ym i.d., 0.25 ym film thickness and Agilent
MSD 5973 (Agilent Technologies) quadrupole
mass spectrometer with an electron impact (El)
ion source as a detector. Carrier gas was Ultra

high purity (UHP) helium at 1.0 ml/minute. Oven
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temperature was: initial 40 °C, held for 3 minutes,
programmed to 300 °C at 30 °C/minute. The detec-
tor was operated at 70 eV with full scan (30~550
amu). lon source temperature was 230 °C. The
temperature of quadrupole was 150 °C. Software
used was NIST98 Library and WILEY Library mass

database. Samples were injected in splitless mode.

RESULTS AND DISCUSSION

The BHT standard was determined based on the
sample solution. The retention time of BHT stan-

dard was 8.84 minutes (Figure 1).

In the quantitation results of BHT of eighteen edi-
ble vegetable oil samples, three samples were
found to contain BHT in the range of 6.8-86.1 mg/g
(Table 1). The difference of BHT content in each
sample depends on the manufacturer of the palm
oil. Palm oil from the same manufacturer, but col-
lected from different markets, showed almost the

same BHT values.

The result showed that the 18 edible vegetable oil
samples had DPPH radical scavenging activity in
the range of 7.5-75.8%, 6.5-65.9 mg/g of gallic

acid equivalent and 17.2-173.0 mg/g of BHT
equivalent. Palm oil (1) — (7) had activity ranged
from 40.2% to 75.8%, gallic acid equivalent and
BHT equivalent in the ranges of 35.0-65.9 mg/g
and 91.7-173.0 mg/g, respectively. Palm oil (3)
has the highest activity than other palm oil and
other vegetable oils (Table 2). All samples of edi-
ble vegetable oil showed antioxidant activity, but
BHT were not detected in some samples, because
of different antioxidants (natural or synthetic) used

in various products.

Table 2 shows that the 18 edible vegetable oil
samples have DPPH radical scavenging activity in
the range of 7.5-75.8%, 6.5-65.9 mg/g of gallic
acid equivalent and 17.2-173.0 mg/g of BHT
equivalent. Palm oil (1) — (7) had activity ranged
from 40.2% to 75.8%, gallic acid equivalent and
BHT equivalent in the ranges of 35.0-65.9 mg/g
and 91.7-173.0 mg/g, respectively. Palm oil (3)
has the highest activity than other palm oil and
other vegetable oils. All samples of edible vegeta-
ble oil showed antioxidant activity, but BHT were

not detected in some samples, because of different

TEC: 300D

Figure 1 GC chromatogram of BHT detected from a palm oil extract.
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Table 1 Content of BHT detected in the palm oil
samples by GC-MS

Palm oil BHT (pg/g)

Sample # 1 2 3 Mean + SD
(1) 859 86.1 86.2 86.1+0.2
2) 180 18.0 18.1 18.0 £ 0.1
(3) 6.8 6.7 6.8 6.8+0.1

Note: BHT was not detected in other oil samples
including 4 palm oil samples, 4 soybean, 2 corn
oil, 2 black sesame oil, 1 rice bran oil, 1 cotton
seed oil and 1 sunflower seed oil sample(s).

antioxidants (natural or synthetic) used in various

products.

Cooking such as deep frying, boiling in water and
stir-frying methods could affect BHT content in
the oil. This study demonstrated that deep frying
was the best method to decrease BHT from
100% to 46% at 5 min and 62% at 15 min. Heat-

ing of oil in boiling water and stir-frying could de-

crease the BHT to about 24-31% within 1-15
min. In other study, temperature can drastically
affect the commercial antioxidants. BHT is effec-
tive as antioxidants at temperatures up to 175 °C

and exhibiting only 25 to 30% inactivation.®

In conclusion, BHT in oil samples was generally
safe for consumption and we found only one
sample contained BHT over the limit. The maxi-
mum level of BHT limited by Thai Food Regula-
tions (Ministry of Public Health, Thailand) is 75
mg/kg of BHT for edible fats and oils. This
method should be applied for effective analysis of
BHT antioxidant in other vegetable oils, edible
fats and toxic residues in foods. One of the impor-
tant applications of GC-MS was for identifying
compounds using both the retention times and
the relative abundances of the characteristic frag-
ment ions, thus increasing accuracy and provid-
ing reliable results. Cooking temperatures and
time as well as cooking method affected BHT

contents in foods.

Table 2 DPPH radical scavenging activity of edible vegetable oils (mean £ SD)

DPPH radical scav- Gall_ic et B.HT
Samples enging activity (%) equivalent equivalent
(mglg) (mglg)

Palm oil (1) 48.9+0.1 42.5+0.1 111.7£0.3
Palm oil (2) 43.1+0.1 37.5+0.0 98.3+0.0
Palm oil (3) 75.8+0.1 65.9+0.1 173.0£0.3
Palm oil (4) 43.2+0.1 37.60.1 98.5+0.2
Palm oil (5) 40.2+0.1 35.0+0.1 91.7+0.2
Palm oil (6) 45.110.1 39.2+0.2 102.9+0.4
Palm oil (7) 45.5+0.1 39.6+0.1 103.8+0.2
Soybean oil (1) 14.91+0.0 13.0£0.1 33.8+0.1
Soybean oil (2) 18.5+0.0 16.1+0.1 42.3+0.1
Soybean oil (3) 19.310.1 16.810.2 44.0+0.4
Soybean oil (4) 13.610.2 11.810.2 31.1£0.7
Corn ail (1) 7.5+0.0 6.5+0.1 17.2+0.1
Corn oil (2) 14.8+0.0 12.940.1 33.7£0.1
Black sesame oil (1) 20.7+0.1 18.0+0.1 47.1+0.3
Black sesame oil (2) 25.240.1 21.9+0.1 57.5+0.2
Rice bran oil (1) 30.3+0.1 26.4+0.2 69.1+0.5
Cotton seed ail (1) 7.8+0.1 6.810.2 17.8+0.4
Sunflower seed oil (1) 9.7+£0.2 8.41+0.3 22.1£0.7
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Table 3 Stability of BHT in 3 different cooking conditions

BHT (%)

Cooking condition

Loss of BHT (%)

0 min 1Tmin 5 min

15 min Omin 1 min 5 min 15 min

Deep fried 100 - 54 38 0 - 46 62
Boiled 100 - 73 69 0 - 27 31
Stir-fried 100 76 71 - 0 24 29 -
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