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Deep frying is an old and most popular method of food processing, because it is not only easy and fast to operate, but
also can give food crisp taste and attractive aroma, which is attributed to the chemical reactions in the process of frying.
However, with the repeated frying for a long time, these chemical reactions will also produce undesirable products,
leading to the deterioration of oil, and even with the intake of fried foods into the human body, which will have adverse
effects on human health. Therefore, quality monitoring of frying oil is very important to ensure the safety of fried foods.
At present, the quality evaluation indicators commonly used for frying oil are mainly divided into physical indicators
and chemical indicators. However, the comparability and reproducibility of the results are not ideal for different frying
oils and frying systems. With the increasing consumption of fried foods, it is urgent to develop new, fast, and widely

applicable quality evaluation methods for frying oil.

In this research, frying oils were prepared from common edible oils and used as the research object. The composition,
quality and flavor characteristics of frying oil were systematically studied by means of instrument analysis methods
such as gas chromatography, liquid chromatography, gas chromatography-mass spectrometry and data processing
methods such as regression analysis, correlation analysis and principal component analysis. After thoroughly
understanding the deterioration characteristics of frying oil, three prediction models for the deterioration of frying oils
were established. These models can be used to achieve the purpose of predicting the deterioration characteristics of
edible oil during frying from the initial characteristics of the edible oil without going through complicated and time-

consuming frying operations. The thesis consists of six chapters and is organized as follows:

In Chapter 1, the research background about deterioration mechanism of edible oil during frying and evaluation
indicators of frying oil was described in detail. The chemical reactions that occur in edible oil during frying are mainly
hydrolysis, oxidation and polymerization. Due to the occurrence of these reactions during frying, edible oil is gradually

deteriorated. The indicators for evaluating the deterioration of edible oil are mainly physical indicators and chemical
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indicators. Finally, the content, purpose and significance of this research were briefly introduced.

In Chapter 2, the initial composition characteristics, quality and flavor characteristics of 10 commercially available
oils, namely olive, safflower, rapeseed, rice bran, natural sesame, sesame, corn, soybean, natural perilla, and perilla oils
were analyzed. The results showed that initial total unsaturated fatty acid (TUFA) and total tocopherol (TToc) were in
the range of 83.49%-95.28% and 16.40-236.05 mg/100 g by using gas chromatography and liquid chromatography,
respectively. Olive, safflower, rapeseed, and rice bran oils contained much oleic acid and a-tocopherol contents; Natural
sesame, sesame, corn, and soybean oils contained much linoleic acid and y-tocopherol contents; Natural perilla and
perilla oils contained much linolenic acid and d-tocopherol contents (Fig.1). The initial carbonyl value (CV) and total
polar compounds (TPC) in 10 oils were in the range of 2.36-6.30 umol/g and 0.0-6.0%, respectively. The initial CV
and TPC of roasted oils were higher than natural pressed oils, and those of polyunsaturated fatty acids (PUFA)-rich oils
(such as comn and soybean oils) were higher than monounsaturated fatty acids (MUFA)-rich oils (such as olive and
safflower oils) (Fig.2). A total of 63 volatile compounds were detected by gas chromatography-mass spectrometry in
the headspace of 10 oils, including 27 compounds produced during the roasting process that was only detected in roasted
oils. It was their presence that caused the highest levels of volatile compounds to be detected in roasted oils. Except for
roasted oils, olive oil was detected the highest content of volatile compounds. In addition to the special volatile
compounds detected only in roasted oils, the proportion of alcohol detected was the largest among the volatile

compounds detected, and the type of aldehydes was the most detected (Fig.3).

In Chapter 3, the changes in the essential composition of edible oils, namely fatty acids and tocopherols, were
discussed during frying. Ten edible oils were intermittently fried with French fries at 180 °C and the frying oil sample
was collected every 2.5 hours, a frying cycle. The results suggested that the content of TUFA and TToc decreased
almost linearly with heating time (Fig.4 and Fig.5). Using the ratio of palmitic acid to oleic acid in the oils before deep
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frying (C16:0/C18:1) (Fig.6), a model, Yrypa = [0.189 ( ) + 0.054( ) + 0.185] t, was built that

can be used to predict the decomposition rate of TUFA (Ytura) during frying in a variety of unsaturated fatty acid-based
oils. By establishing a dynamic decomposition index, TUFA and TToc in oils showed alternating dynamic
decomposition in multiple frying cycles (Fig.7). With the decomposition of TUFA, the order of the decomposition rates
of tocopherol homologues in 10 oils was y-tocopherol > a-tocopherol > d-tocopherol (Fig.8). Through multiple linear
regression analysis, the order of the effects of the decomposition of the tocopherol homologues on the decomposition

of TUFA in 10 oils during frying was also as follows: y-tocopherol > a-tocopherol > 5-tocopherol.

In Chapter 4, the quality changes of 10 frying oils were measured by using the deterioration evaluation indexes, CV
and TPC. Results showed that the CV and TPC of 10 oils increased linearly with heating time (Fig.9 and Fig.10). The
effects of the changes in the composition (unsaturated fatty acids and tocopherols) of oils on the increase in CV and
TPC with heating time were revealed by using multiple linear regression analysis. The results showed that among the
changes of oil composition, the decrease of PUFA and y-tocopherol had the greatest influence on the increase of CV

and TPC. By correlating changes in degradation indicators with the initial composition of the oil (Fig.11 and Fig.12),

2 9\ 2
the prediction models ( CV, = [4.37(%) — 5.64 (%) + 3.36]t+ CV, and TPC, = [0.024(%) -
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0.065 (%) + 0.819] t + TPC,) were established, respectively. Using these models, the CV and TPC of edible oil

during frying at 180 °C can be predicted from the initial composition of the oil. At the same time, the frying life of
edible oil can be inferred by using two models simultaneously according to the maximum allowable CV (50 umol/g)

and TPC (24%) stipulated by regulations.

In Chapter 5, the flavor changes in 10 oils during frying were evaluated. The change in volatile compounds level
during frying was mainly related to the unsaturated fatty acid composition of the oil. The increase in the total peak area
of volatile compounds was highest in oils with high oleic acid content, followed by linoleic acid rich oils (Fig.13). The
aldehydes and alcohols detected in the oil accounted for a large proportion before and after heating. The effects of
aldehydes, alcohols, and other volatile compounds detected on the flavor characteristics of oils during frying were
explored by principal component analysis. The distribution of each oil on the score plot was mainly related to the fatty
acid composition (Fig.14). The key volatile compounds affecting the changes during frying in oils with much MUFA
were hexanal, (E)-2-hexenal, heptanal, (E)-2-heptenal, octanal, 2-octenal, nonanal, (E)-2-decenal, (E)-2-undecenal, 2-
methyl-1-propanol, 1-pentanol, methylpyrazine, and butyl-cyclopentane. For oils rich in PUFA, the key volatile
compounds were (Z)-2-penten-1-ol, acetic acid, and hexane. The correlation between the changes of volatile
compounds detected and the decrease in TUFA and TToc, the increase in CV and TPC was analyzed, respectively.
With the decrease of TUFA and TToc and increase of CV and TPC, most of the volatile compounds showed an
increasing trend. The increase of pentanal showed a good correlation with the decrease of TUFA and TToc and increase

of CV and TPC in most oils.

In Chapter 6, the main conclusions and limitations of this study and prospects for future work were presented. In
general, this study can provide a deep understanding of the changes in composition, quality and flavor characteristics
of edible oils during frying, accumulate scientific data for the research on the quality evaluation of frying oil. The
establishment of three predictive models provides a reference and scientific basis for the establishment of a sound

quality evaluating method for frying oil in the future.

Abbreviations used in figures:

OL: olive oil; SF: safflower oil; RS: rapeseed oil; RB: rice bran oil; CO: com oil; SB: soybean oil; SS: sesame oil; NS:

natural sesame oil; PL: perilla oil; NP: natural perilla oil;

C16:0, palmitic acid; C18:1, oleic acid; C18:2, linoleic acid; C18:3, linolenic acid; MUFA: monounsaturated fatty acid;
PUFA: polyunsaturated fatty acid; TUFA: total unsaturated fatty acid; TToc: total tocopherol;

CV: carbonyl value; TPC: total polar compounds.
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Fig.3 The initial content of volatile compounds detected
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Fig.2 The initial CV and TPC content of oils
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Fig.4 The decomposition rates of TUFA with heating
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Fig.7 The dynamic index (DI) of oils during deep frying
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