Introduction to Dairy Engineering

Introduction to Dairy Engineering
Key concepts, processes, and technologies used to design, operate, and optimize dairy?product
facilities.

1. What Is Dairy Engineering?

Aspect Description

Application of engineering principles (mechanical, chemical, electrical, civil, and
Definition food?process engineering) to the production, processing, storage, and
distribution of milk and dairy products.

» Ensure product safety and quality
_ » Maximize yield and efficiency
Primary Goals
* Reduce energy, water, and waste

» Meet regulatory and sustainability standards

Typical Dairy farms, milk collection centers, processing plants (pasteurization, cheese,
Workplaces  yogurt, ice?cream), packaging lines, cold?storage facilities, research labs.

2. Core Process Areas

Critical Engineering

Process Main Operations Typical Equipment _ _
Considerations
L ) Rapid cooling (<4?°C) to
_ _ Filtration, cooling, Plate heat exchangers, = . _
Milk Reception & o _ inhibit bacterial growth;
standardization, fat  centrifugal separators, o )
Pre?treatment _ » hygienic design (CIP?
separation bulk coolers, clarifiers _
compatible).
Plate, tubular, or Precise temperature?time

Pasteurization &  Destroy pathogenic & scraped?surface heat control; fouling

Heat Treatment spoilage microbes exchangers; HTST, management; energy
LTLT, UHT units recovery.
High?pressure
o Reduce fat globule . Pressure drop, pump wear,
Homogenization _ a homogenizer (15-257? _
size for stability temperature rise.
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Process

Fermentation &
Culturing

Cheese Making

Ice?Cream &
Frozen Desserts

Packaging

Cold Storage &
Distribution

Main Operations

Typical Equipment

Critical Engineering
Considerations

Production of yogurt, Fermenters, incubators, Temperature uniformity, pH

cheese, kefir, etc.
Coagulation, curd
cutting, cooking,

pressing tanks

Continuous freezer, air?

Freezing, overrun,

injector, hardening

hardening ) |
unne

Aseptic fillers, retorters,

Aseptic filling,

flow?wrap machines,

sealing, labeling

cooling jackets

Vat, cutter, cheddaring
tables, presses, brine

control, aseptic conditions.

Precise pH & temperature
ramps; steam/heat
integration.

Heat?transfer coefficient,
shear stress, crystallization
control.

Material compatibility,
ClIP/clean?in?place, line

0—47?°C (or lower for coolers, refrigerated
frozen) trucks

cartoners speed.

Maintain product at  Blast freezers, walk?in Insulation, refrigerant

choice, load?curve
management.

3. Engineering Disciplines Involved

Discipline

Mechanical

Chemical/Process

Electrical &
Automation

Civil/Structural

Environmental

Food?Safety &
Quality

Role in Dairy Engineering
Design of pumps, compressors, agitators, heat?exchangers; vibration
analysis; equipment reliability.
Mass & energy balances, reaction kinetics (e.g., fermentation),
separation processes.
PLC/SCADA control, sensor networks (temperature, pH, flow), motor
drives, energy monitoring.
Layout of plant, floor loading, hygienic zoning, drainage, wastewater
treatment.
Wastewater treatment, effluent reuse, CO? and methane capture, life?
cycle assessment.
HACCP implementation, validation of cleaning?in?place (CIP), microbial
testing.
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