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Abstract

This study aimed to study trans fatty acid (TFA) contentin Chinese fried dough
(or Pa-tong-ko in Thai) whichcooked with repeated frying oilby using the attenuated total
reflection fourier transform infrared spectroscopy (ATR-FTIR). Chinese fried dough, one of
well-known fried foods in Thailand, was chosen to be a representative of fried food in this
study because the repeated frying oil is commonly found in its cooking. Chinese fried dough
was cooked following the instant Patonggo mix powder package label. 80 g dough was
prepared and was separated into 10 equal pieces for a single frying. Then they were fried
with 6,000 g palm oil, 170 ÌC temperature for 3 minutes. Therefore ten pieces of dough were
fried every 10 minutes continually until it reaches 5 hours without renew oil added. The
samples were collected every 1 hour including the firstfried ones. So after 5 hours frying,
there were total 6 times collected.The results showed thatthe amount of trans fatty acid
(expressed as % of total fat) at first time frying tillhr5 was 0.07±0.05, 0.17±0.00, 0.20±0.11,
0.27±0.05, 0.31±0.01 and 0.37±0.04 respectively. Moreover, frying time affects trans fatty acid
content in fried food because the significant difference of trans fatty acid content (% of total
fat) at each time frying was found following first time frying and hr4, first time frying and hr5,
and hr1 and hr5 as well. Therefore, consumers should avoid consuming food that used
repeated frying oil.

Keywords : Trans fatty acid, Chinese fried dough, fried food, repeated frying oil

Introduction

Nowadays trans fatty acid (TFA), which is unsaturated fatty acid by trans
configuration, is increasingly studied due to their negative effects on human health. Some
studies showed the increase of plasma concentration of low density lipoprotein (LDL)
cholesteroland the plasma ratio of total cholesterol to high density lipoprotein (HDL)
cholesterol comparedwith saturated fats from trans fatty acid intake, and the studies also
found the decreasing of concentration of HDL cholesterol as well (Mensink and Katan, 1990;
Zock and Katan, 1992; Aro et al., 1997). Increase of coronary heart disease (CHD) is the most
important phenomenon since 2% energy increase from trans fatty acid containing food
which is equivalent to 4 g of 2,000 kcal standard diet, may cause 23% CHD increased risk
(Mozaffarian et al., 2006). Moreover, the intake of trans fatty acid may involvewith an
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increased inflammatory marker, such as C-reactive protein and interleukin-6 (Lopez-Garcia et
al., 2005; Remig et al., 2010). Therefore TFA contents were widely concerned by many
countries about reducing these contained in food.

There are 2 major sources of trans fatty acid (Mozaffarian et al., 2006; Remig et al.,
2010), the first isnatural source being produced by bacteria in ruminants stomach
(biohydrogenation). The second is mostly found in partially hydrogenated vegetable oil
during partial hydrogenation,and refining process. In addition, frying causes physical and
chemical changes in food such as oxidation, pyrolysis, polymerization, hydrolysis and
isomerization (Ariyapitipan, 2008). Therefore, trans fatty acid content in fried food might be
increased because of trans isomerization that made configuration changed from cis to trans
form. Moreover, high levels of trans fatty acid might be dramatically increased while using
repeated frying oil (Ariyapitipan, 2008).

The official methods for analysis of trans fatty acid content are gas chromatography
(GC) and infrared spectroscopy (IR). GC method consists of several steps such as extracting
samples, preparing fatty acid methyl esters (FAME) and internal standard that take a long
time for separation (up to 1.5 hours) (Kim et al., 2007; Mossoba et al., 2009) whileIR method
is a rapid, easy and accuracy analytical method to determine the total trans fatty acid
content. The IR method is based on the absorbance of isolated trans fatty acid double bond
at wavelength number 966 cm-1 (Kim et al., 2007).

Chinese fried dough (or Pa-tong-ko in Thai), one of the most well-known fried food
in Thailand, was chosen to be a representative of fried food in this study. The reason was
that because most of the shops selling Chinese fried dough in Thailand tend to use repeated
frying oil for frying the dough (Wananuwat, Kodcha and Pattanapraison, 2011).

The purposes of this study

To study trans fatty acid (TFA) contentin Chinese fried dough (or Pa-tong-ko in Thai)
which the repeated frying oil usedwithout renew oil added.

Materials and Methods

Chemicals : Trielaidin [1,2,3, tris (trans-9-octadecanoate)] and Triolein [1,2,3, tris
(cis-9-octadecanoate)] with more than 99% purity were purchased from Sigma-Aldrich
(St. Louis, MO, USA) as fatty acid standards. n-Hexane was obtained from Mallinckrodt
chemicals (Phillipsburg, NJ, USA) as fat extracted solvent.
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Sample preparation : Chinese fried dough in 80 g amount (10 pieces) were made
up from ingredient mixture containing instant Patonggo mix powder, yeast, vegetable oil and
water. Then the doughwas fried with 6,000 g palm oil every 10 minutes continually repeated
until 5 hours by temperature controllable fryer with frying condition as 170 ÌC and 3 minutes.
Samples were collected at first time frying and the end of each hour frying. Afterwards,
samples were kept in polyethylene bag at -20 ÌC until fat extraction and trans fatty acid
determination.

Standard calibration curve preparation : Trielaidin and triolein were mixed to get
five standards covering 0.5% to 50% trans fatty acid level, according to 2000.10 AOAC
method in 2000 (AOAC, 2000).

Fat extraction : Ultrasonic extraction with n-hexane as solvent and the appropriate
condition; 60 ÌC, 40% ultrasonic intensity level for 120 minutes reported by Soonpan, 2010
was used. The round bottom flask containing 5 g of Chinese fried dough and 30 ml n-hexane
was placed in ultrasonic bath under the above mentioned condition. After extraction, the
extract was filled through Whatman no.42 filter paper. The filtrate was evaporated by rotary
evaporator and dried in vacuum desiccator for 60 minutes.

Trans fatty acid content determination : After fat extraction, the attenuated total
reflection fourier transform infrared spectrometer (Perkin Elma Spectrum One ATR-FTIR,
USA) was used to determine trans fatty acid content. The parameter was set up according to
the manufacturerûs recommendation for using a zinc selenide ATR cell which maintained at
65±2 ÌC for fully melted sample and other parameters were set as 1050-900 cm-1 spectral
range, 4 cm-1 resolution and 64 scans.

The single-beam spectrum collected of air was used as reference background while
the test sample was collected against that of the reference background and converted into
absorbance. The height of the negative second derivative of the trans band was used for
calculations of trans fatty acid content since the sensitive and accuracy improved. After each
sample analysis, the ATR cell was cleaned by acetone and each repeated test sample was
scanned for 3 times.

Calculations : Trans fatty acid content was calculated by using the linear regression
equation computed from standard calibration curve being plotted between peak height of
standards and % of trans fatty acid of total fat. The sampleûs peak height trans band was
replaced into the equation to get trans fatty acid content as % of total fat. Mean and
standard deviation were reported.
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Statistical analysis : The effect of using repeatedfrying oil on trans fatty acid
content in Chinese fried dough was calculated by using the following statistics; analysis of
variance between groups (two way-ANOVA) and Tukey HSD test.

Results

Following figure 1, trans fatty acid content was expressed as % of total fat
(mean±standard error of triplicate extraction). Number of frying parameter was chosen to
explain the effect of using repeated frying oil on trans fatty acid content. By using two-way
ANOVA, the number of fryingwas affected trans fatty acid content (p-value=0.000). While
using Tukey HSD test the significant difference of trans fatty acid content (% of total fat)
between hr0 (first time frying) and hr4, hr0 and hr5 and hr1 and hr5 was found (p-value=0.005,
0.000 and 0.022 respectively). Moreover, weights of Chinese fried dough before and after
frying were observed (Table 1).

Figure 1 Shows the amounts of trans fatty acid in Chinese fried doughafter frying at
170 ÌC for 3 min between hr 0 (first time frying) and hr 5. The values represent the
mean±standard error of triplicate extraction. The values at the time points not
sharing a common letter are significantly different (P < 0.05).
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Table 1 Weights of Chinese fried dough

Time
Weight of Weight of Weight of each

Different weight of

dough (g) Chinese fried Chinese fried
Chinese fried

dough (g) dough piece (g)
dough before and

after frying (g)

hr0* 81.18 88.32 8.83 7.14

hr1 80.65 87.72 8.77 7.07

hr2 81.24 88.07 8.81 6.83

hr3 80.25 86.18 8.62 5.93

hr4 79.78 85.77 8.56 5.99

hr5 80.60 86.24 8.62 5.64

* hr0 = first time frying

Disscussion

In this study, conditions of sample preparation were set to resemble to the peddlerûs
normal behavior of using repeated frying oil without renew oil added, and frying condition
was adapted from the research of Wananuwat et al. (2011) that collected information from
vendors. On the other hand, interval time between each frying was controlled to make the
variance as low as possible.

Effect of using repeated frying oil on trans fatty acid content occurred in fried food
was observed. The result showed the increase of trans fatty acid content (% of total fat) from
hr0 (first time frying) to hr5 as 0.07±0.04, 0.17±0.00, 0.20±0.11, 0.27±0.05, 0.31±0.01and
0.37±0.04 respectively. This is similar to a previous study of Tsuzki et al (2008) that reported
trans fatty acid content increased gradually when 1.0 g of representative oil containing
triolein, trilinolein and trilinoleninwas fried at 180 ÌC. These results support the hypothesis that
frying process may lead to the occurence of trans fatty acid in fried food because when
oil is heated during processing, cis double bonds occuring naturally can change to trans
isomerization (Wagner, Auer, and Elmadfa, 1999), together with lipid oxidation. Now, several
countries are increasing concerned about frying oil temperature. Many European countries
have determined that the frying oil temperature must not exceed 180 ÌC. In France, it was
established that oil commercially used in frying must contain 3% alpha-linolenic acid at most
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(Fox, 2001; Wolff, 2002). Moreover, the increased weight of Chinese fried dough after frying
reflected more total fat that people received in case high consumption.

Now, Thai Food and Drug Administration (FDA) has already set punishment of using
repeated frying oil which contained polar substance more than 25% (w/w), (announcement
of Ministry of public health 347 edition, 2012) but the amount of trans fatty acid on food
labels has not yet been regulated.

Moreover, the increase in Chinese fried dough weights in this study have shown that
oil absorption by food during the frying process occurred. These can consequently increase
not only total fat but also trans fat levels in fried foods. Therefore, the consumers should
concern about sources and health effects of trans fatty acid occurred in fried food.

Conclusion

The result of present study indicated that using repeated frying oil caused the
increase of trans fatty acid content in fried food which may be harmful to consumers.
However, this is only primary information that is implied from only one kind of fried foods.
Further study on this particular field is needed in the near future.
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