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ABSTRACT

Deep fat frying (DFF) is a very common, complex and dynamic process in food
processing sector. The major chemical reactions during DFF include hydrolysis, oxidation,
polymerization and isomerization in frying oil and produce volatile and nonvolatile compounds.
The volatile compounds evaporate into the atmosphere, whereas the nonvolatile compounds
participate in in-situ chemical reactions, thereby generating chemical compounds responsible for
deteriorating quality of oil and fried food items. Present study focused on the current status of the
Indian frying food industry, especially considering the unorganized food sector. Through a field
study in Delhi, the important parameters responsible for deteriorating quality changes in oils/fats
during DFF were identified. These include frying cycles, operational temperature, intermittent
cooling along with changes in trans fat, free fatty acids, polar compounds, peroxides and
polyunsaturated fatty acids. Also, an innovative method to improve the performance of frying oil
using natural antioxidants was developed and tested.

To begin with, in order to understand the existing frying food scenario, a field study in
various food outlets related to frying practices, quality of frying medium and quantity of fat in
fried food items was conducted and samples collected were analyzed for various parameters.
Data reveal that the amount of trans fat in oils used ranged from 5.1-23.0 g/100g of oil, which is
5 to 11 times higher as compared to maximum limit set for TFAs in Denmark and approx. 2 to 5
times higher if compared to recently established maximum limit set for TFA in India. The
analysis of the TFA levels in the food products obtained from halwais, street food, etc. in South
Delhi as well as in hostels and canteens located in IIT Delhi campus were found in the range
1.61-2.79, 2.27-2.72, 0.69-1.20-and 1.38-1.72 g/100g of food serving respectively. TFA have
adverse effects on health and are strongly associated with many clinical conditions, so such
knowledge regarding TFA content in food would enable people to make proper food choices.

During the DFF process, various oils show their performance in different ways which
mainly depend on their fatty acid composition and frying protocols. Also, in the Indian
subcontinent, reusing the same oil repeatedly for successive frying cycles is a common
traditional frying practice due to economical aspect especially in the unorganized food sector.
Therefore, the behavior pattern of individual oil during discontinuous DFF of vanaspati (VO),
palmolein oil (PO) and soybean oil (SBO) was studied. The highly positive and linear
relationship between frying time and frying oil quality based on the generation of TFA,
peroxides, FFA, TPC and loss of unsaturated fatty acids were noted in each oil. Surprisingly,
SBO fresh oil in spite of having the best initial composition as compared to other selected oils,
its stability was found inferior to VO and PO under the same frying conditions. The maximum
increase in TFA was found in SBO (1.8 fold) followed by PO (1.4 fold) and VO (1.2 fold). The
content of TPC after 6 days frying cycles increased from 8% to 34.5%, 7.5 to 33.5% and 8.5 to
39% in PO, VO and SBO respectively.

The process of DFF involves the oil-food interaction due to which nutritional quality of
food gets deteriorated. Moreover, the extent of deteriorating changes occurring in frying medium
can be determined by the composition of fried food. To understand both these concepts, two
different types of commonly consumed food products [protein rich mung dal pakoda (MDP) and
carbohydrate rich potato chips (PC)] were fried at every 4 hours frying cycle up to 24 hours in
vanaspati oil. The quality changes in frying medium as well as nutritional changes in fried food
were determined. The results revealed that successive frying cycles of MDP causes early and
major deteriorating changes in the oil than frying cycles of PC. The TFA content increases from
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its initial value (9.02%) to 11.5% and 10.9% in the frying medium used for MDP and PC
respectively. Total polar compounds were increased from 7.5 % to 39.5%, 37.5% and 35.5% in
the frying medium used for MDP and PC respectively. The protein content of fried MDP
decreased significantly (P<0.05) in the successive frying cycles. The first batch of MDP
constituted about 20.93% protein, which is decreased to 20.21, 20.06,19.51, 19.25 and 19.01% in
MDPs batches of 2™, 3, 4™ 5™ and 6™ frying cycles respectively. The MDP prepared during
first frying cycle absorbs 15.1¢g of fat, whereas MDP prepared at 6™ frying cycle absorb 22.5g of
fat. The increase in oil absorption of the food products also increases the energy intake from 135
kcal to 202 kcal per 100g serving of MDP. Similar increase in energy intake was noted for PC.
No significant loss was observed in mineral content in fried products in both the cases.

Efficacy of natural antioxidants as substitute of harmful synthetic antioxidant (BHT) to
improve the frying performance of selected oils was also studied. Ten different plant leafy
biomass procured from IIT Delhi campus as natural antioxidants were investigated. In addition to
determining phenolic and flavonoid content, DPPH assay, reducing assay, rancimat assay
(antioxidant activity index at 110°C), FTIR, thermo-gravimetric analysis was performed to know
their antioxidant potential and thermal stability. Thermo-gravimetric analysis confirmed the
higher thermal stability of natural leafy extracts than BHT. Finally, on the basis of the best
characteristics of guava leafy biomass as antioxidant, it was evaluated under frying conditions in
sunflower oil and palmolein oil. In sunflower oil (without extract), the TFA significantly
(p<0.05) increased from its initial value 2.49 to 3.37% within 6 hours and then finally to 4.1%
after 12 hours of the frying process. In comparison, sunflower oil with added leafy extract
(1000 ppm) inhibits the generation of TFA. Similarly, addition of guava leaf extract successfully
increased and improved the frying performance of palmolein oil at frying temperature for 24
hours. Therefore, application of such natural antioxidants obtained from the plant kingdom in oil
and fat industry may prove a novel way of improving the thermo-oxidation stability of
commonly used oils in the unorganized food sector.

In order to bridge the gap between the food and health, the milk fat, especially ghee
(butter oil) as per Ayurveda health care system is reported to possess both nutritional and
therapeutic value. Preparation of ghee particularly in rural areas are closely associated with the
local knowledge and devices. The change in the chemical profile of ghee owing to the different milk
sources and methods of preparation was attempted. To investigate this important aspect, cow and
buffalo ghee was prepared using traditional knowledge system (TKS) with two different
churning processes involved, i.e. manual churning with local wooden device and a modern
electric churner. Significant differences were found in the overall fatty acid profile of cow ghee
owing to the method of preparation (including churning process). However, the method of
preparation did not affect the value of FFA, PV, color etc. Overall, cow ghee prepared using the
manual churning method was found to have the best nutritional quality as compared to other
ghee samples prepared.

The research findings of the present study demonstrated the complexity of the lipid
thermo-oxidation stability phenomenon affected by frying process and oil composition. The
frying operations above 180°C not only shortened the frying shelf life of the oil but also impact
the nutritional quality of fried items. Furthermore, natural plant based antioxidants can
effectively increase the usage time and better performance of the oil during frying. Overall, the
research findings would help in evolving guidelines regarding the selection of oil vis-a-vis raw
food to be fried, food quality vs frying cycles, frying performance, oil quality parameters,
optimization of frying process and application of natural antioxidants etc.
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