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ABSTRACT
The aim of this study was to evaluate the effects of a natural antioxidant derived from
rosemary extract on the stabilization of palmolein oil during deep-fat frying of Noodles.
Palmolein oil with tertiary butylhydroquinone (TBHQ), a synthetic antioxidant and
palmolein without antioxidant were used as positive controls. Thermo-oxidative
transformation were measured according to various physical and chemical parameters.
Total polar compounds (TPC), free fatty acids (FFA) were measured during the study. All
the parameters evaluated in the study increased with the number of frying cycles. The
order of effectiveness of antioxidants for inhibition of palmolein oil degradation in deepnoodles was: PRESOL (rosemary based extract) > TBHQ > Control. In terms of oil
consumption, it was observed that noodles fried in oil with rosemary extract had lower
value of oil consumption as compared to TBHQ and control. The TBHQ degradation
kinetics was also evaluated with frying cycle. It showed an exponential decay with
increase in frying cycles. Also samples containing natural antioxidant had a least changes
in the colour as compared to TBHQ and control at the end of frying cycle.

Introduction
Over the past decade , fried noodles are gaining global
popularity (Fu, 2008). It is a known fact that fats and oils
in fried noodle are oxidized during processing, circulation
and preservation. This reaction causes a deterioration in
taste, flavour, odour, colour, texture and appearance, and
a decrease in the nutritional value of the foods (Rho et al.,
1986). The shelf life of fried noodles is also limited to
around 4-5 months due to oxidative rancidity. Thus,
controlling oxidation during frying of noodles is of
paramount importance. Also a high level of oil absorption
and calorie is a one of the primary concern of the instant
fried noodles as its effects product cost and overall shelf
life.
To prevent oxidation, the use of synthetic antioxidant
is in practice from past many decades. Low-cost synthetic
antioxidants are often used to slow down lipid oxidation,
such as butylated hydroxytoluene (BHT), butylated
hydroxyanisole (BHA) and tertiary butylhydroquinone
(TBHQ). However, BHT and BHA have been reported to
have toxic and carcinogenic effects (Frankel, 2014). Also,
they are very effective during the storage and transport of
oils and fats, but they are less effective at frying
temperatures, due to their volatility. However, in the
recent years, much of the interest has developed in
naturally occurring antioxidants, because of the adverse
attention received by the synthetic antioxidants, and

because of the worldwide trend to avoid or minimize the
use of artificial food additives (Filiz and Seydim, 2014;
Gad and Sayd, 2015; Saral et al., 2014). Also the use of
natural antioxidants for frying purposes has increased
during the last few years (Bera et al., 2006; Budak et al.,
2015; Riveros et al., 2015; Urbancic et al., 2014). Plant
extracts, especially antioxidants obtained from herbs and
spices, have been proposed for stabilizing frying oils.
Among natural antioxidant sources, rosemary
(Rosmarinus officinalis L.), a woody aromatic herb that is
native to the Mediterranean countries, has recently been
authorized by the European Union under Directive
95/2/EC and assigned E-392 as its E number (European
Union Directives 2010/67/EU and 2010/69/EU).
Rosemary extracts provide an important source of natural
antioxidants used commercially in foods. These extracts
are particularly active as antioxidants at the high
temperatures in frying fats. They protect the oils during
frying and their antioxidant activity is carried over into
the fried foods (Rho et al., 1986).
Thus the objective of this study is to carry out
comparative analysis by incorporating natural antioxidant
(rosemary based) PRESOLTM (brand name), THBQ
(synthetic antioxidant), and control (without antioxidant)
in the palmolin oil for frying instant noodles.
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Material and Methods
Materials
PRESOLTM (Rosemary based extract), a product
developed through patented process technology (Mooppil
& Francis, 2013) of Prasan solutions India pvt. Limited
(Cochin, Kerela), was used in this present study. Amount
of antioxidant added was 200 ppm for the present study.
The contents of the major rosemary anti-oxidative
components, carnosic acid, was 1.7%. All of the
chemicals for the analysis and the synthetic antioxidants
was of analytical grade, and were purchased from Merck
(Darmstadt, Germany). Refined wheat flour and salt was
purchased from the local market. The palmolein oil
without added antioxidant was purchased from the
Parrisons Limited Company, Cochin.

panellists were chosen from among staffs of the Prasan
solutions (India) Pvt. Ltd. (Larmond, 1977). All panellists
regularly participated in sensory evaluation and are also
regular consumers of fried noodles. Also the colour of the
oil was analysed visually and digital photographs were
taken for different batches for comparative analysis.
Statistical Analysis
Each analysis was carried out in triplicate. The
Fisher’s least significant difference procedure was used to
determine the significant differences among the means of
treatments, at P<0.05. The data were analysed statistically
by ANOVA and Duncan’s multiple range test using
commercially available software package SPSS software
program (SPSS Inc., Chicago, IL).
Result and Discussion

Noodle Preparation
The trial methodology for the preparation and frying
of noodle is presented in the Figure 1. The noodles were
prepared using automatic noodle making machine
(Company- Sohon, China; Model Number: SH-M3).
After noodle extrusion, it was fried in the palmolein oil. A
domestic deep-fat fryer with a 3-L-volume vessel was
used for the deep-fat frying. Temperature was monitored
with digital thermometers. For each deep-frying cycle,
after heating the oil to 150ºC, extruded noodle (100 g per
batch) was added and deep fried for 45 sec. for a frying
cycle. The frying temperature and time was decided as per
as standard industry procedure (Hou, 2010). The use of 60
frying cycles was chosen as the endpoint because the best
performing oil reached approximately 21-25% polar
compounds at this stage, which is close to that of the
standard for spoiled oils in various countries worldwide
(Bastida and Sánchez-Muniz, 2002).
Estimation of Free Fatty Acid
Free fatty acid (FFA) content, of heated oil samples
were determined as per (AOCS, 2003).
Total Polar Content (TPC) Value Analysis
The temperature of sample oils were maintained at 4550ºC and TPC of samples were measured using a Testo TM
265 cooking oil tester according to the manufactures
operation guide. Each sampling was done in triplicate and
each experiment was repeated three times. The principles
of Testo 265 cooking oil tester is to measure the changes
of dielectric constant in the oil samples, the concentration
of which is highly correlated with the concentration of
total polar matter (Stier, 2004; Stier, 2013, Weisshaar,
2014).
Determination of TBHQ in The Oil
The TBHQ in the oil was analysed by the HPLC
(Shimadzu LC) as per standard method (Kitada et al.,
1984).
Sensory Evaluation and Colour Analysis
The fried noodles were subjected to sensory
evaluation by semi trained panellist. Ten semi-trained

Effect of TPC during Deep Fat Frying
Determination of polar compounds in used oils and
fats is a well-accepted method due to its accuracy and
reproducibility. It provides the most reliable measure of
the extent of deterioration in frying oils and fats in most
situations (Fritsch, 1981). The nonpolar fraction of the
deteriorated oil and fats is made up of all unaltered
triacylglycerol (Aladedunye and Przybylski, 2009). Total
polar compounds are considered to be nonvolatile
compounds that have a higher polarity than
triacylglycerol as a result of thermal, hydrolytic and
oxidative alteration. Consequently, the higher the amount
of polar compounds in oil, the worse is its quality
(Gharachorloo et al., 2010). Recommendations of the 3rd
International Symposium on Deep‐Fat Frying in 2000
have defined TPC Value less than 25% as criteria for the
assessment of used frying oils and frying fats (Weisshaar,
2014).
The purpose of this method is to determine the level of
polar oxidized components in an oil sample used for
frying noodle. Faster rate of formation of polar
components is cumulative indication of progressive
degradation of oil. TPC was found to increase with the
frying time for all the oils. The rate of increase was
gradual for sample containing PRESOL as compared to
TBHQ added samples at the end of the frying period. It
can be seen that addition of natural antioxidant
(PRESOLTM) effectively reduced the formation of polar
compounds effectively as compared to TBHQ added oil
sample. The PRESOL at 200 ppm had least value of TPC
(13.9%) after 60th batches of frying as compared to
TBHQ (16.3%) and control (21.6%). The variation of
TPC with frying cycle is presented in the Figure 2.
Changes in Free Fatty Acid Content (FFA)
The amount of FFA in fats and oils can be used to
indicate the extent of its deterioration due to hydrolysis of
triacylglycerol (TAG) and/or cleavage and oxidation of
fatty acid double bonds. Free fatty acid (FFA) is an
important fat quality indicator during each stage of fats
and oils processing and is generally accepted as a regular
quality parameter in noodle industry (Fu, 2008; Gotoh et
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al., 2007). The changes of FFA with frying cycle is
presented in the Figure 3. As shown in Figure 3, there was
a linear increase in the values of FFA with different frying
cycles. Despite the inexistence of mandatory rejection
points for used oil regarding hydrolysis (Paul et al.,
1997), this parameter is mostly used in rapid commercial
tests as an estimation of the rejection point. Based on the
information obtained from these frying experiments, at

the end of the frying cycle, the total change in FFA values
from the initial to end of the frying cycle, the lowest were
found to be in oil with natural antioxidant (PRESOL) and
TBHQ and highest value was found in control oil
samples. This data does indicate that the natural
antioxidant could be used in case of synthetic antioxidant
TBHQ for controlling the FFA of oil.

Figure 1 Trial Methodology for noodle making and frying
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Figure 2 Changes of TPC with Different Frying batch
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Figure 3 Changes of FFA with Different Frying batch
Table 1 Comparative analysis of Oil consumption
Control(Kg Oil/Kg
Experimental design
fried Noodle )
Oil Level before Frying (0th Batch)
3.53
Oil Remaining After Frying for (60th Batch)
2.01
Total Oil Consumed (Kg.)
1.52
Oil Consumptions
The Table 1 shows the comparative analysis of oil
consumption. Using PRESOL at 200 ppm gives a distinct
advantage over TBHQ in terms of significant reduction in
Oil consumption (Table 1). We can understand that the oil
consumption/kg of the fried noodle using PRESOL is
comparatively less as compared to TBHQ and control.
This observation gives a distinct advantage to the
manufacture in terms cost saving by increasing the
productivity of the fried noodles.
The reason for the lower oil consumption behaviour
could be attributed to interfacial phenomenon. The
interfacial phenomenon has also been reflected in past
studies (Dana and Saguy, 2006; Gertz, 2014; Moreira and
Barrufet, 1998). The materials which affect the heat
transfer at the oil food interface must act to reduce the
surface tension between the two immiscible materials.
These materials act as and are referred to as surfactants.
As the oil degrades, more surfactants are formed causing
increased contact between the food and oil, excessive oil
pickup by the food, and increased heat transfer to the
surface of the food resulting in excessive drying and
darkening of the surface. Consequently, the oil viscosity
increases which increase the amount of oil on the food

PRESOL (Kg Oil/Kg
fried Noodle )
3.53
2.155
1.375

TBHQ (Kg Oil/Kg
fried Noodle )
3.53
2.075
1.455

surface (Orthoefer et al., 2006). However, it could be
assumed that due to lower value of TPC natural
antioxidant PRESOL, there would be lesser amount of
surfactants in the oil which might play a significant role in
lower oil consumption as compared to TBHQ and control.
Kinetics of TBHQ Degradation
Synthetic antioxidants like TBHQ have been used
extensively in deep-frying fats, because they provide
protection when heating fats. It has been reported in past
by many researcher that chemical degradation of
antioxidants seems to be the major pathway for
antioxidant loss at high temperatures. Volatilization and
steam distillation due to the high temperature and the
large amount of steam water escaping from the food have
also been postulated to be the reason for chemical
degradation (EFSA, 2004; Velasco et al., 2008).
Moreover, it has also been found that effectiveness of
antioxidants is reduced with number of frying (Mehta and
Swinburn, 2001). In past it has been proposed that TBHQ
degrades into Tert-butylbenzoquinone (TBBQ) as a
primary oxidation product during frying (Mehta and
Swinburn, 2001).
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Figure 4 TBHQ degradation Kinetics

Figure 5 Comparative Analysis of color of Frying oil at different Frying Batch

Figure 4 shows the degradation kinetics of TBHQ
during frying. An exponential trend was observed for
TBHQ degradation. After 30th batch of frying, the
concentration of TBHQ was very limited. It could be due
to conversion of TBHQ to its oxidation products. The
reduced concentration of TBHQ might be the reason for
the lower effectiveness during the end of frying cycle.
Studies on the fate of synthetic antioxidant like TBHQ,
BHA and BHT have been carried our extensively (Lin,
Warner, & Fazio, 1981; Warner, Daniels, Lin, Joe Jr, &
Fazio, 1986). It was found from these studies that TBHQ

had the highest volatility during frying. The breakdown
products of antioxidant compounds can have antioxidant
properties (Kmiecik et al., 2015). Kim and Pratt (1990)
identified and characterized the decomposition products
of TBHQ heated at frying temperatures, including tertiary
butylbenzoquinone (TBBQ) as the primary and major
oxidation product of TBHQ. They reported that the
interconversion between TBHQ and TBBQ played the
greatest part in the antioxidant effectiveness and carrythrough effect of TBHQ.
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Sensory Evaluation and Colour Changes in Frying Oil
There were no significant changes in the fried noodles
for all the samples used in the study by the sensory
panellist. However, noticeable difference was observed in
the colour of the oil as seen from the Figure 5. Colour has
been widely used as one of the important parameter to
understand an index of oil quality during deep fat frying.
When foods are fried in heated oil, many complex
chemical reactions occur resulting in the production of
degradation products. As these reactions proceed, the
functional, sensory and nutritional quality of the fat/oil
changes and may eventually reach a point where it is no
longer suitable for preparation of high quality fried
products and the frying fat/oil will have to be discarded
(Maskan, 2003; Paul and Mittal, 1996). The oil rapidly
changes from a light yellow to an orange brown Colour
during frying. This is the combined result of oxidation,
polymerization and other chemical changes which also
result in an increase in viscosity of the frying oil
(Sánchez-Gimeno et al., 2008).
The comparative analysis of color of frying oil at
different frying batch is presented in the Figure 5. As seen
from the Figure 5, with increasing frying batches, the
Colour of the oil degrades to brown–yellow as compared
to initial batch oil. However, in case of natural antioxidant
(PRESOL), one can visually notice that there is least
degradation of Colour as compared to other samples. The
changes in Colour and viscosity of frying oil are the signs
of oil deterioration. In past many authors have reported
high correlation between colour parameters and oil
degradation during frying (Krokida et al., 2001; SánchezGimeno et al., 2008). The Colour may darken as heating
or frying proceeds. This is mainly the result of oxidative
reactions; highly coloured compounds being formed by a
mechanism that is still not fully understood (Maskan,
2003). Thus on the basis of Colour also, one can see that
PRESOL plays an effective role in reduced rate of change
of Colour thereby indicating less sign of oil deterioration
with frying cycle.
Conclusion
The present study has revealed that PRESOLTM, a
rosemary extract based natural antioxidant formulation
effectively slows palmolein oil deterioration during
noodle frying. In terms of the TPCs, FFAs, our study
shows that the oil treated with rosemary extract had lower
values compared to the control oil and the oil with the
addition of TBHQ. The rosemary extract showed
considerable antioxidative effects at a much lower
concentration of active ingredient compared to the
synthetic products (200 mg/kg active ingredient). Also
there is a reduced amount of oil consumption using
PRESOL as compared to TBHQ. Thus, it can be
concluded that rosemary based natural antioxidant can be
used to control the frying oil deterioration of fried
noodles. However future work in terms of shelf life
estimation need to be carried out.
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