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1.2 Thermal processing of foods
Thermal Processing of Foods:
Heat Transfer:

Thermal processing involves the application of heat to food items to achieve

specific objectives, such as cooking, pasteurization, or preservation.
Heat transfer methods include conduction, convection, and radiation.
Product Time-Temperature Relationships in Cooking:

Cooking involves a balance between temperature and time to achieve desirable

sensory and safety outcomes.

The Maillard reaction, responsible for browning and flavor development, is

influenced by both time and temperature.
Blanching:

A preliminary heat treatment involving brief exposure to boiling water or steam,

followed by rapid cooling.

Commonly used in the food industry to inactivate enzymes, improve color

retention, and facilitate peeling or removal of skins.
Pasteurization Techniques:

Pasteurization is a heat treatment process named after Louis Pasteur, designed to
reduce the number of pathogenic microorganisms while preserving the quality of
the food.
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Different pasteurization techniques include:

Low-Temperature/Long-Time (LTLT): Typically around 63°C (145°F) for 30

minutes.
High-Temperature/Short-Time (HTST): Around 72°C (161°F) for 15 seconds.

Ultra-High-Temperature (UHT): Exposing the product to temperatures above
135°C (275°F) for a very short time (2-5 seconds).

Flash Pasteurization: A brief exposure to high temperatures, often used in

beverages.
Canning:

A method of preserving food by sealing it in airtight containers and then heating it

to destroy microorganisms.

Both heat and pressure are employed in canning to ensure the safety and shelf

stability of the product.
Sous Vide Cooking:

Involves cooking food in vacuum-sealed bags at lower temperatures for an

extended period.

Precise temperature control ensures even cooking and can result in enhanced

texture and flavor.
Thermal Death Time (TDT):

Refers to the time required to kill a specific number of microorganisms at a

particular temperature.
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Used to determine the effectiveness of heat treatments in food processing.

Thermal processing plays a crucial role in ensuring the safety and quality of food
products. Different techniques are applied depending on the desired outcome,
whether it's the preservation of shelf stability, improvement of sensory attributes,
or the elimination of harmful microorganisms. Understanding the principles of heat
transfer and the specific requirements for each process is essential in the field of

food science and technology.
Dehydration:

Involves the removal of water from food products to inhibit microbial growth and

enzymatic activity, thus preserving the food.
Techniques include air drying, sun drying, and freeze-drying.
Microwave Cooking:

Utilizes microwaves to generate heat within the food, leading to rapid and efficient

cooking.
The interaction of microwaves with water molecules is a key factor in this process.
Radiation Processing:

Involves exposing food to ionizing radiation to control insects, parasites, and
bacteria, and to extend shelf life.

Commonly used for spices, dried fruits, and certain types of meat.
Retort Processing:

A method of canning where food is heated in a sealed container under pressure to

destroy harmful microorganisms.
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Often used for ready-to-eat meals and canned vegetables.
Pulsed Electric Fields (PEF):

Involves the application of short pulses of electric fields to food products,

disrupting cell membranes and microbial structures.
Used for pasteurization and enhancing mass transfer in foods.
Thermization:

A milder form of pasteurization that involves heating a liquid product to a

temperature below that used in traditional pasteurization.

Applied to extend shelf life without compromising the quality of the product.
Ohmic Heating:

Utilizes electrical resistance to generate heat within a food product.

Effective in rapid and uniform heating, particularly in high-moisture products.
Cook-Chill Method:

Involves cooking food, rapidly chilling it, and then storing it until needed.

Commonly used in food service to maintain food quality and safety while allowing

for efficient meal preparation.
Continuous Flow Thermal Processing:

A continuous method of heat treatment, often used in industries for large-scale

food production.

Provides efficient and consistent processing of liquid and semi-liquid products.
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These thermal processing techniques showcase the diverse methods used in the
food industry to achieve various objectives, including preservation, safety, and the
enhancement of sensory attributes. Advances in technology continue to contribute
to the development of innovative and efficient thermal processing methods in the
field of food science.

Emerging Trends in Thermal Food Processing:

As food science and technology continue to evolve, several emerging trends are
shaping the landscape of thermal food processing. These trends not only address
traditional challenges but also offer innovative solutions for improving efficiency,

sustainability, and overall food quality.
Advanced Control Systems:

Integration of sophisticated control systems that enable precise monitoring and

adjustment of processing parameters.

Real-time data analytics and automation enhance the accuracy of thermal

treatments, ensuring consistent product quality.
Novel Heat Transfer Technologies:

Exploration of alternative heat transfer technologies such as ohmic heating,

radiofrequency, and infrared heating.

These technologies aim to reduce processing times, energy consumption, and

overall environmental impact.
Non-Thermal Processing Methods:

Rising interest in non-thermal methods like high-pressure processing (HPP),

pulsed electric fields (PEF), and ultrasound for food preservation.
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These methods offer the advantage of minimizing nutrient loss and preserving the
sensory attributes of foods.

Innovative Packaging Solutions:

Development of smart and active packaging materials that can interact with the

food and control the thermal environment.

Packaging innovations contribute to extending shelf life, ensuring safety, and

enhancing the overall consumer experience.

FOOD AND DAIRY ENGINEERING



