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Finite Element Modeling for Bi-Directional
Transport Phenomena During Atmospheric
Deep Fat Frying of Kofta: Simulation and
Experimental Validations

Rahul Das *“ and Kamlesh Prasad

Abstract. The growing demand for convenient, nutritionally improved, and lower-oil
traditional foods has encouraged the development of optimized ready-to-use (RTU)
mixes to deliver consistent quality. In this context, the present study focuses on
optimizing banana and chickpea flour for the development of an RTU kofta dry
composite mix using a statistical optimization technique. A 2D axisymmetric finite
element method (FEM) was applied to model atmospheric deep-fat frying at 170°C
for 180 s, with a 30 s time interval, for a kofta ball using COMSOL Multiphysics 6.0.
Simulated results showed that the surface temperature quickly reached the bulk
temperature of frying oil, while the center temperature gradually increased to 113°C
after 180 s as expected. The dry-basis moisture content at the surface decreased by
52.60% during frying, while the oil content increased by 11.17%. However, the crumb
portion exhibited minimal change in both moisture and oil content. The optimized
kofta had a 42.68% reduction in surface oil compared to the control, with comparable
texture and flavor. Experimental data were used to validate the FEM predictions using
statistical parameters such as mean absolute error, mean square error, root mean
square error, chi-square, and coefficient of multiple determination, highlighting the
accuracy of the FEM in tracking HMT phenomena. Future research should focus on
refining the HMT model for different-shaped and sized food products, improving oil
absorption mechanisms, exploring alternative frying methods, such as air frying and
vacuum frying, to further reduce oil content at the pilot plant or industrial scale to
maintain the product quality.
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1. Introduction

Indian food differs from that of the rest of the world due to its unique taste.
Local and homemade snacks have always been a part of Indian culture. In
India, fried foods are in high demand at every festival and social gathering,
as they are considered essential to a complete meal. This love for fried foods
extends beyond India, as consumers worldwide are captivated by their
distinctive golden color, crispy texture, and enticing aroma (Wang et al.,
2023). Banana kofta is a delicious fried food made from a mixture of pre-
boiled mashed banana, chickpea flour (CF), and other suitable ingredients. It
is characterized by a golden-brown crust and a soft, flavorful interior, often
enhanced with various spices and seasonings. However, in today’s fast-paced
society, busy lifestyles and the search for easier alternatives are driving
consumers towards convenient, ready-to-use (RTU) composite food
products, particularly those that offer low-fat fried options.

Considering these factors, the development of a popular Indian RTU kofta
composite mix product with banana as the primary ingredient is of great
concern to food technologists and researchers for the production of fried
banana kofta. In this innovative approach, the pregelatinized banana flour is
substituted with the required proportion of CF, and the careful selection and
homogeneous dry mixing of other ingredients, such as bell peppers, including
green, red, and yellow, NaHCOs, salt, and spices, are equally important for
the successful development of the composite flour blends. To prepare smooth,
spherical dough balls before frying, a required quantity of mild warm water
is added to the developed dry composite flour. This step ensures that the
dough achieves the right consistency, facilitating the formation of uniform
kofta that can be fried to perfection.

Furthermore, to enhance the quality of fried products and reduce oil
absorption during frying, it is essential to optimize key process parameters
and frying conditions (Dehghannya and Ngadi, 2021). The color of dried food
items is an important parameter that directly affects the final quality of fried
foods. It is influenced by pretreatments and the adaptation of appropriate
dehydration methods. Besides, pretreatment methods also reduce the oil
uptake of fried foods (Dehghannya and Ngadi, 2023). Various pretreatment
methods, including coating potato strips with different concentrations of
alginate (Naghavi et al., 2018a)and blanching (Moyano and Pedreschi, 2006),
are used before deep-fat frying to reduce oil absorption. In addition,
blanching can be used to inactivate enzymes, which subsequently cause the
leaching of carbohydrates and starch gelatinization, and induce cell
disintegration. It helps produce samples with reduced moisture content,
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MSE: 7.68x10°-21.45; RMSE: 0.003-1.520; x* 0.001-1.207; R* 0.937-
0.999) confirmed the model accuracy, offering valuable insights for
improving product quality and frying efficiency in food engineering.
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