Overview of Food Engineering

Overview of Food Engineering
Key concepts, major sub?disciplines, and typical applications

1. Definition & Scope

e Food Engineering = application of engineering principles (thermodynamics, mass transfer,
fluid mechanics, material science, etc.) to the production, preservation, packaging, and
distribution of food.

e Goal: Create safe, nutritious, high?quality foods while optimizing cost, energy use, and
environmental impact.

2. Core Engineering Principles in Food Processing

Principle Relevance to Food Typical Unit Operations

Pasteurization, sterilization, Heat exchangers, ovens, autoclaves,
Heat Transfer _ _
drying, cooking spray dryers

Diffusion of solutes, moisture Evaporation, dehydration, osmotic
Mass Transfer

removal, extraction dehydration, extraction columns
_ ) Flow of liquids, slurries, gases in ) o
Fluid Mechanics _ Pumps, mixers, pipelines, spray nozzles
equipment
Texture, flow behavior of semi?
Rheology . Viscometers, rheometers, extruders
solid foods
) Phase changes, energy _ _ . _
Thermodynamics Refrigeration cycles, boiling, freezing
balances
Reaction Enzymatic, microbial, chemical Fermenters, reactors, enzymatic
Engineering reactions hydrolysis
. _ Food?contact surfaces, Polymers, metals, composites,
Materials Science _ ) ) )
packaging barriers biodegradable films

3. Major Sub?Disciplines
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. Food Process Design

o Conceptual layout ? detailed engineering ? scale?up.
o Tools: Process flow diagrams (PFD), piping & instrumentation diagrams (P&ID),
simulation software (ASPEN, COMSOL).

. Food Safety & Quality Engineering

o Hazard analysis (HACCP), microbial inactivation kinetics, shelf?life modeling.
o Sensors & control systems for real?time monitoring (temperature, pH, CO?).

. Food Packaging Engineering

o Barrier properties (oxygen, moisture, light), mechanical strength, recyclability.
o Technologies: Vacuum packaging, Modified Atmosphere Packaging (MAP), active &
intelligent packaging.

. Food Preservation Technologies

o Thermal (pasteurization, UHT), non?thermal (high?pressure processing, pulsed
electric fields, irradiation, ultrasound).
o Combination methods (hurdle technology) to extend shelf life with minimal quality loss.

. Bioprocess Engineering

o Fermentation, enzymatic conversion, probiotic production.
o Bioreactor design, downstream recovery (centrifugation, membrane filtration).

. Sustainability & Environmental Engineering

o Energy integration, waste valorization (by?product streams ? ingredients, bio?fuels),
water reuse.
o Life?cycle assessment (LCA) for product and process decisions.

4. Typical Unit Operations & Equipment

Unit Operation Primary Function Example Equipment

Mixing/Blending Homogenize ingredients Ribbon mixers, high?shear mixers
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Unit Operation Primary Function Example Equipment
Separation Remove solids/liquids Centrifuges, decanters, filtration units
Drying Reduce moisture to improve stability Spray dryer, freeze dryer, drum dryer

Heat Treatment Kill pathogens, inactivate enzymes Pasteurizer, retort, continuous sterilizer
Cooling/Freezing Preserve freshness, control texture Plate freezer, cryogenic freezer

Extrusion Shape, cook, and texturize Single?screw, twin?screw extruders
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