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Tutorial 4 : Unit Operations in Food Processing

Exploring Unit Operations — From Theory to Industrial Application
(presentation)

1. Definition and Importance of Unit Operations

Unit operations are fundamental physical, chemical, or biological steps used to transform raw
food materials into finished products. They do not alter the fundamental nature of the food but
influence its properties (texture, taste, nutritional value, shelf life, etc.).

They represent the building blocks of any industrial process. For example, to produce fruit
juice, several unit operations are performed in sequence: extraction, filtration, pasteurization,
cooling, etc.

Mastering these operations ensures the quality, safety, and technological efficiency of
processed foods.

2. Main Categories of Unit Operations
a. Mechanical Operations

e Mixing: used to homogenize ingredients.

Example: bread dough, sauces, yogurts.
« Size Adjustment: grinding, slicing, grating, or emulsifying to change particle size.
e Fluid Flow: management of liquid or gas movement (pumps, pipes).

b. Heat Transfer

e Heating:
o Objectives: destroy microorganisms (pasteurization, sterilization), alter texture
(cooking), or inactivate enzymes.
o Modes: conduction, convection, radiation.
e Cooling:
o Objectives: slow down enzymatic and microbial activity, extend shelf life.
o Types: refrigeration (0-8°C), freezing (-18°C), deep freezing (-40°C).

c. Mass Transfer and Separation
e Mass Transfer: movement of a component (e.g., water evaporation during drying,
aroma diffusion).
« Separation: centrifugation (e.g., milk cream separation), filtration (juice, beer).

3. From Operation to Process

When several unit operations are combined for a specific purpose, we refer to it as a unit
process.

Example: Jam Production

e Mixing sugar and fruit
e Cooking (heating + evaporation)
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e Hot filling into jars
« Cooling

Each step relies on one or more well-defined unit operations
4. Specific Case: Thermal Processes in the Food Industry
Desired effects of heating:

« Inactivation of pathogenic microorganisms
e Improved digestibility
o Development of flavors and colors

Possible undesirable effects:

e Loss of vitamins
e Color degradation
e Formation of undesirable compounds (e.g., acrylamides)

Examples of thermal treatments:

e Blanching: short treatment at 80-100°C, preparation for freezing

o Pasteurization: 63-90°C, short duration to eliminate germs without greatly altering
the product

e Sterilization: >100°C for 20 to 60 minutes for long-term preservation

« Drying & concentration: remove water to stabilize food products

« Distillation & extrusion: aroma extraction or production of puffed food products

5. Cold and Ambient Temperature Processes

e Cold processes: essential for preserving the nutritional and sensory qualities of fresh
products. They reduce microbial growth and slow enzymatic reactions.
e Ambient temperature processes:
o Raw material preparation: sorting, washing, peeling, cutting
o Fermentation: e.g., bread, yogurt, sauerkraut
o Enzymation: used to transform specific components

6. Practical Applications in the Food Industry

Below are some food products that illustrate the combination of unit operations:

\ Product H Key Unit Operations \
\Bread HMixing, fermentation, baking \
\Yogurt HPasteurization, inoculation, incubation \
\Fruitjuice HExtraction, filtration, pasteurization \
[Extruded cereals IMixing, cooking-extrusion, drying |
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Conclusion

Unit operations are essential for the transformation and preservation of food. They allow
optimization of processes, product standardization, and ensure quality and safety.
Understanding and mastering these operations is important for any professional in the food
industry.



