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Abstract

Thai people frequently consume Chinese deep fried dough and its quality is affected by frying
conditions. An experiment was conducted using a 3 x 2 x 3 factorial randomized complete block
design. The first factor was the three vegetable oils (palm olein oil (PO), rice bran oil (RO) and
soybean oil (SO)). The second factor was the frying conditions (180 °C, 2 min and 160 °C, 4 min) and
the third factor was the repeated frying cycle (4, 9, 16). The three factors did not interact. The
color, viscosity, polar value (P) and trans fatty acids quantity (TA) of different types of oil were
significant (p<0.05) difference. The repeated frying oil showed darker color and higher values of
the viscosity, P and TA. The color of fried PO and fried RO was not different but fried SO was a
lighter yellow. The viscosity of PO was the highest value followed by RO and SO. Polar value of
PO was the lowest (10.91 %), followed by RO (11.60 %) and SO (14.40 %). Trans fatty acids
quantity of PO was the lowest (0.72 %) followed by SO (0.86 %) and RO (1.42 %). Frying
conditions had no significant (p> 0.05) effect to color and viscosity while P and TA were
significant (p<0.05) difference. The higher temperature and shorter time frying resulted of higher
P and higher TA of fried oil. However, the fried products were safe to consume because their polar
was less than 25 %, and their T was low. PO was better than RO or SO for Chinese dough frying.
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1. Introduction

Thai people frequently consume Chinese deep fried dough because the deep-fat frying process
generates food with crispy texture and good flavor nevertheless the fried food quality. Quality of
food depends on frying conditions including type of oil, temperature, time and repeated frying cycle.
The big changes in chemical and physical properties include starch gelatinization, protein
denaturation, water vaporization and crust formation [1] will lead to degrade frying oil such as darker
color, increased viscosity, decreased smoke point, and increased foaming due to polymerization,
oxidation, hydrolysis, and isomerization [2]. The measurements of degradation in frying oils can be
determined by many methods such as viscosity measurement, [3], quantity of volatile decomposition
products and nonvolatile decomposition products [4], free fatty acid [5], iodine value [6], nonurea-
adduct forming ester [3], and total polar materials. Many researchers believe that these
measurements are the best indicators for frying oil quality [7]. Paradis and Newar [8] stated that
when 25-27 % of total polar materials has accumulated, the frying oil should be discarded.
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Deep fat frying has also been considered as a source for the production of trans fatty acid
(TA) [9] that has a relationship to the risk of cardiovascular disease [10]. TA is generally defined
as unsaturated fatty acid that contains non-conjugated carbon-carbon double bonds in the trans
configuration. TA in foods is derived from the chemical hydrogenation of vegetable and fish oils,
the refinement process of edible oils from crude ones and microbial biohydrogenation in the
digestive tract of ruminant animals. The main sources of TA for consumers are partially
hydrogenated oils. The main objective of this study was to investigate the quality of Chinese
dough (Pa-Tong-Kho) repeated frying oil from the different types of oils, frying conditions, and
number of repeated frying cycles.

2. Materials and Methods

2.1 Materials for frying

Three refined, bleached and deodorized different vegetable oils, i.e. palm olein (PO), rice bran oil
(RO) and soybean oil (SO) were purchased from a local supermarket in Thailand. All purpose
wheat flour was purchased from a local supermarket in Thailand. Trans-6-petroselaidic methyl
ester (Cis:iet) (Purity > 99.00 %, Supelco), Trans -9-elaidic methyl ester (Cis.inor) (Purity > 99.9,
Supelco), Tricosanoic acid methyl ester (Cas.0) (Purity > 99.8 %, Fluka) were used in this study.

2.2 Frying experiment

The experiment was a 3 x 2 x 3 factorial randomized complete block design with the first factor of
three vegetable oils (PO, RO, SO). The second factor was the frying conditions (180 °C, 2 min and
160 °C, 4 min) and the third factor was the repeated frying cycle (4, 9, 16). An open pan was filled
with 1 liter of oil (using a thermometer for temperature control) and fermented Chinese dough (1.5
kgX. In each frying, the sample was fried repeatedly (16 frying cycles). Oil samples were
collected every 4 , 9 and 16 cycl
es. The collected samples of oil and fried Chinese dough were kept at-20 °C until further tests. The
CIE color values were measured using a spectrophotometer (Spectraflash 60 0 plus, Datacolor
International, USA) and recorded as L* = lightness (0 = black, 100 =white), a*(-a* = greenness,
+a* = redness) b* (-b* =blueness, +b* = yellowness), Percent of free fatty acids (FFA) was
calculated from acid value [11]. Viscosity (brookfield DV-III Rheometer V3.3 RV and TA were
measured using polar value (Testo, Germany) and gas chromatograph, respectively [12]. The data was
processed by analysis of variance and Duncan’s New Multiple Range Test (DNMRT) for mean
comparisons at the 0.05 significance level, using the SPSS statistical software program (SPSS for
windows Ver. 12.0, now a part of IBM Corp.; White Plains, NY, USA).

2.3 GC of TA analysis

GC was performed in a CP 3800 Varian Gas Chromatograph fitted with a FID (GC-FID), the
column, HP-88, with dimensions of 100 m x 0.250 mm x 0.20 um and Column flow (3.0 ml/min).
The initial temperature was 90 °C (hold for 5 min); final temperature was 250 °C (hold for 20
min). The temperature of the detector, FID, was 260 °C. Helium was used as the carrier gas. Split
ratio of 100:1 was used and 1 pl of sample was injected in GC for the analysis total trans fatty
acid.

1. Percentage of fat = (M, — M) x 100/W

M, = weight of Round Bottle Flask and Fat (g)
M, = weight of Round Bottle Flask (g)
W = weight of sample (g)
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2. Area percentage of fatty acid x = 100 x Ay

Ai- Ay
Ax = area counts of fatty acid X
A; = total area counts for the chromatogram
Ay = area counts of the internal standard
3. Fatty acid, g/100g sample = F;x F. x F,/100
F; = total fat (g) in 100 g sample
F. = correction factor for the conversion of data for fatty acid analyzed as

percent of total fatty acid to grams per 100 g edible portion of food
(soy bean = 0.93, rice bran = 0.92, palm = 0.956)
Fa = % area fatty acid

4. Total trans fatty acid
Total trans fatty acid (Cis) = Cig:no, 12t + Cig:inst + Cig:1not + Cig:intie

3. Results and Discussion

3.1 Effect of types of frying oils

Due to the three factors were not interactions so the results were from the main factor only. The
results of factor of types of oils were shown on Tables 1-3. Color change in frying oils is an
indication of the deterioration of oil caused by oxidation led to the formation of nonvolatile
decomposition products such as oxidized triacylglycerols and free fatty acids. Increasing viscosity
caused by formation of high molecular weight polymers. The more viscous the frying oil, the
higher the degree of deterioration. The changes in color or viscosity can be easily observed [13].
The color of fried oil of PO was the darkest followed with RO and SO. The viscosity of fried oil of
PO was the highest value followed with RO and SO. Free Fatty Acids (FFA) are the result of the
breakdown of oil. The FFA of fried oil of PO was the highest value followed with SO and RO. In
most deep fat frying operations, the amount of FFA produced by hydrolysis is too small to affect
the quality of the fried food compared oxidation of unsaturated fatty acids because the
determination of FFA by titration does not differentiate between acids formed by oxidation and
those by hydrolysis, the FFA is not good measure of frying fat deterioration if used alone,
however, it can be a good indicator of the extent of fat abuse if used in conjunction with other
methods.

P value of fried oil of PO was the lowest value followed with RO and SO. TA of fried oil
of PO was the lowest value followed with SO and RO. However the P value of three oils was safe
because it was lower than 25 % that is the criteria of Ministry of Public Health of Thailand
(Notification of the Ministry of Public Health No. 283). For the color of fried Chinese dough on
Table 3 was not significant (p<0.05) difference but TA of PO was lowest followed with SO and
RO.

All edible oils consist of triglycerides with a variety of fatty acids that differ in chain-
length (number of carbon atoms in molecule), degree of saturation, position of double bond within
the carbon chain, and geometry of each double bond (cis and trans isomers) [14]. PO has a
composition of low polyunsaturated (9.1 %), 36.6 % monounsaturated and high saturated fatty
acid (48.8 %) [15]. RO has a composition of 38 % monounsaturated, 37 % polyunsaturated, and
25 % saturated fatty acids [16] and SO has a composition of high polyunsaturated (58%), 23%
monounsaturated and low saturated fatty acid (16 %) [17]. The oxidation rate of oil increased as
the content of unsaturated fatty acids of frying oil increased [18-19]. Oleic acid is the most
abundant monounsaturated fatty acid in all the common edible oils [14], is more stable to
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oxidation, compared with polyunsaturated fatty acids, modified oils containing high-oleic acid,
low-linoleic and low-linolenic acids produced by various methods including genetic modification
[20]. From P value and TA content, these explains why PO with less unsaturated fatty acid than
RO or SO with more unsaturated fatty acids and high Oleic acid is a better frying oil than RO or
SO. In addition, SO has a highest composition of 7 % linolenic acid while PO has hot found and
2.2 %. of RO. Linolenic acid is critical to the frying performance, the stability of oil, and the
flavor of fried food [21-22]. Therefore, low linolenic acid oil by genetic modification was
suggested to be a potential alternative to hydrogenated frying oil [23].

Table 1. The color of fried oils from the factor of types of oils (average + standard deviation)

Oils L* a* b*

PO 92.19+1.06° -1.8940.33° 24.24+4.16°
SO 93.41+0.88° -1.07+0.26* 17.36+4.40°
RO 92.32+1.34° -1.7540.64° 24.04£5.13%

Means of each treatment for each attribute (from column) with different letters were significantly
different at p <0.05.

Table 2. Viscosity, P and TA of fried oils from the factor of types of oils (average + standard deviation)

Oils Viscosity (cp) %FFA P (%) TA (%)

PO 67.87£1.62° 0.69£0.05° 10.91£1.77°¢ 0.7240.60"
SO 52.79£2.40°¢ 0.2940.03° 14.4443.162 0.86+0.71"
RO 64.83+2.14° 0.254+0.02° 11.66+2.58° 1.4240.66*

Means of each treatment for each attribute (from column) with different letters were significantly
different at p <0.05.

Table 3.The color of fried Chinese dough from the factor of types of oils (average + standard deviation)

Oils L* a* b* TA (%)

PO 58.21+£2.22% 7.27+1.65° 22.05+1.78* 0.71£0.41°
SO 58.63£3.30* 7.80+2.02° 22.3442.99° 0.80£0.19
RO 55.0942.94° 8.26+1.77° 20.93+2.36* 1.01+0.34°

Means of each treatment for each attribute (from column) with different letters were significantly
different at p <0.05.

3.2 Effect of frying conditions

The results were shown on Tables 4-6. The color, viscosity and acid value of fried oils from factor
of high and low temperature were not significant (p<0.05) difference but P and TA of high
temperature were higher than low temperature. The color and TA of fried Chinese dough (Table 6)
were not significant (p<0.05) difference. In line with TA of potatoes fried with commercially
canola oil at 160, 180 and 200 °C by the tenth frying operation was increase with increasing
temperature [24].

Table 4. The color of fried Chinese dough from the factor of the frying conditions (average + standard
deviation)

Frying conditions L*ns a*ns b*ns
High temperature 92.77£1.35 -1.54+0.48 21.144+5.98
Low temperature 92.50+1.04 -1.60£0.65 22.62+5.04
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Means of each treatment for each attribute (from column) with different letters were significantly
different at p <0.05.

Table 5. Viscosity, Acid value, P and TA of fried oils from the factor of the frying conditions
(Average + standard deviation)

Frying conditions | Viscosity (cp) ns | % FFA ns P (%) TA (%)
High temperature 62.04+7.45 0.42+0.40 12.65+3.18? 1.34+0.92°
Low temperature 61.62+6.52 0.41+0.47 12.02+2.71° 0.66+0.36°

Means of each treatment for each attribute (from column) with different letters were significantly
different at p <0.05.

Table 6. The color and TA of fried Chinese dough from the factor of the frying conditions
(Average + standard deviation)

Frying conditions L*ns a*ns b*ns TA (%) ns
High temperature 56.41£3.31 8.10+1.70 22.2242.60 0.48+0.16
Low temperature 58.21+2 .91 7.45+1.91 21.33+2.25 0.69+0.39

Means of each treatment for each attribute (from column) with different letters were significantly
different at p <0.05.

3.3 Effect of repeated frying cycle

The results were shown on Tables 7-9. The more cycles resulted the darker color, the increased
viscosity, FFA, P (15.75 %) and TA (1.46 %) of fried oils but the color of fried Chinese dough
(Table 9) was not significant (p<0.05) difference but TA was increased, in accordance with the
study of Abdulkarim [13], it was found that Moringa seed oil, canola oil, SO and PO were polar,
increasing in duration and number of frying. Increasing of TA in accordace with TA of potatoes
fried with commercially canola oil at 160, 180 and 200 °C by the tenth frying operation was 0.99-

1.05 /100 g lipids that was little impact [24].

Table 7. The color of fried oils from the factor of frying cycles. (average + standard deviation)

Frying cycles L* a* ns b*
4 93.45+0.64* -1.60+0.72 18.71+4.14°
9 93.03+0.65° -1.62+0.53 20.20+4.13°
16 91.43+1.19" -1.5+£0.44 26.7444.73*

Means of each treatment for each attribute (from column) with different letters were significantly
different at p <0.05.

Table 8. Viscosity, P and TA of fried oils from the factor of frying cycles. (average + standard
deviation)

Frying Viscosity (cp) %FFA P (%) TA (%)
cycles
0 55.16+5.36* 0.10+£0.35° 9.96+1.03 ¢ 0.26+0.29°
4 60.23+7.37° 0.39+0.47° 10.88+1.88°¢ 0.54+0.39°
9 61.23+6.33° 0.41+0.47° 12.75+1.94° 0.97£0.27¢
16 64.02+6.39¢ 0.4440.32° 15.75£2.69* 1.46+0.25¢

Means of each treatment for each attribute (from column) with different letters were significantly
different at p <0.05.
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Table 9. The color and TA of Chinese dough from the factor of frying cycles. (Average + standard
deviation)

Frying cycles L*ns a*ns b*ns TA (%)
4 58.1943.61 7.01+£1.41 21.58+2.20 0.375+0.12°
9 57.05+3.39 8.27£1.79 22.2443.11% -
16 56.7+2.61 8.05£2.07 21.50+2.01* 0.69+0.32°

Means of each treatment for each attribute (from column) with different letters were significantly
different at p <0.05.

4. Conclusions

Fried Chinese dough was safe from frying with PO, RO, and SO with the conditions of frying
180 °C, 2 min and 160 °C, 4 min and 16 frying cycles because P value of three fried oils was lower
than 25 %. PO was better than RO or SO for Chinese dough frying. However, the taste of the
products should be tested as well as the shelf life in case of long-term storage.
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