
SCHOOL OF CHEMICAL AND BIO-ENGINEERING 

ADDIS ABABA INSTITUTE OF TECHNOLOGY 

ADDIS ABABA UNIVERSITY 

Dairy  Engineering

Instructor: Shimelis Admassu (Dr.Eng.)

Professor (Associate) 

March 21,2020



Outlines
2

1. Principles of Dairy Food Process Design

2. Dairy Processing Unit operations

Reception, separation and standardization of milk and 
cream

Processing equipment and their working principles

(Separator, Homogenizer, Pasteurizer, Heat 
Exchanger )



Milk and Milk products
3

Milk  is a marvel of nature & a very variable Biological 

Fluid: Healthy Food

The importance of milk and milk products in the diet

Intake of milk and milk products  throughout life 

Dairy food intake improves nutrient intake

Sources of milk-Species:



Table 1. Average composition (%) of milk of    

some species of mammal4

 

Species  
Total 

solids  
Fat  Protein  Lactose  Ash  

Human  12.2 3.8 1.2 7.0 0.2 

Cow  12.6 3.7 3.4 4.8 0.7 

Goat  12.3 4.5 2.9 4.1 0.8 

Ewe  

Pig 

Mare 

 19.3 

18.8 

11.2 

7.4 

6.8 

1.9 

5.5 

4.8 

2.5 

  5.4 1.0                 

6.2 

6.3 

1.0 

0.5 

Ass 

Reindeer  

11.3 

33.1 

1.4 

16.9 

2.0 

11.5 

7.4 

4.7 

0.5 

- 

Domestic 

rabbit  
32.8 18.3 10.9 1.8 1.8 

Bison  14.6 3.5 4.5 6.0 0.6 

Indian elephant 

Polar bear  

31.3 

47.7 

17.6 

33.1 

9.9 

10.9 

3.1 

3.3 

0.7 

1.4 

Grey seal  64.0 53.1 11.2 0.7 - 

Camel                  12.9       4.2 3.7 4.1 0.9 



Composition of cow’s milk
5

Main constituent 
Range 

(%) 
Mean 
(%) 

Water 85.5 – 89.5 87.0 

Total solids 10.5 – 14.5 13.0 

Fat 2.5 – 6.0 4.0 

Proteins 2.9 – 5.0 3.4 

Lactose 3.6 – 5.5 4.8 

Minerals 0.6 – 0.9 0.8 

 



….Covered topics
6

Milk composition, factors affecting milk composition

Chemistry of milk: Milk Chemical properties 

Physical status of milk

Chemical composition of major milk components

pH and Acidity

Milk constituents

Microbiology of milk and milk products

Phases of bacterial growth

Factors affecting bacterial growth

Starter culture and preparation of culture



Continued

International standards milk and milk products

Results of Microbial Growth in Milk

(Milk spoilage indicators)

Detection and Enumeration of    

Microorganisms
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Products of Microbial Growth
8

 Enzymes

 Decomposition products (fats, proteins, sugars)

 Pigments

 Toxins

Miscellaneous changes



Dairy Engineering

Milk Physics

Milk Chemistry/Milk Biochemistry

Dairy Microbiology

Dairy Process Technology

Dairy Products Quality and Safety

Shelf life stability, Consumer satisfaction

9



Methods for the destruction of Micro-organisms
10

Heat : Most widely used. Pasteurization & sterilization.

Ionizing radiation - Such as ultraviolet rays etc.

High frequency sound waves – Supersonic and ultrasonic.

Electricity – Microbes are destroyed actually by heat 

generated.

Pressure -Should be about 600 times greater than 

atmospheric pressure.

Chemicals – Includes acids, alkalis, hydrogen peroxide, 

halogens etc

Advanced  methods of food preservation



Dairy Plant: Primary operations
11

Milk separation, standardization

Working principles of Pasteurizer, Homogenizer and 

others

Fluid milk and powder milk production lines and its 

Engineering Components



Milk Processing 
12 Diversified milk products

 Fluid milk

Pasteurized milk, Cultured milk, Flavored milk 

 Evaporated and Concentrated milks

Evaporated milk, sweetened condensed milk

 Dried milk

Skim milk powder

 Fermentation/cultured milk

Yogurt, sour cream, cultured butter milk

Other milk products

Cheese, Butter

Ice Cream, Sour cream and Weaning foods

 Imitation milk-contains no milk products at all

It is composed of water, vegetable oil, syrup, sugar, preservatives, stabilizers and 
emulsifiers. (Vitam.+ Minerals)



Process

Process is the industrial operations that modify the 

properties of raw materials with the purpose of 

obtaining products to satisfy the needs of a society. 

 Such modifications of natural raw materials are 

directed to obtain products with greater acceptance in 

the market, or with better possibilities of storage and 

transport.

Transforming, and consuming resources available in 

natural  surroundings.
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Dairy Food Process Design

Process design: a component of Chemical 
Engineering and it is applied mainly in the 

chemical and food  process industries,

Basic part of an industrial project: Process and Plant 

Design

Engineering Design includes Process Equipment, 

Process Control  and Plant Utilities 

14
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Dairy Process Engineering

Dairy Process Engineering can also be defined 
as “the science and technology  of conceiving, 

calculating, designing, building, and running the 

facilities where the transformation processes of 

agricultural products, at the industrial level and 
as economically as possible, are carried  out.”

The transformation processes of agricultural raw 

materials into final products, or on conservation 

of materials and   products.
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Dairy Engineering: Concepts

Dairy engineer in the dairy industry should know 

the basic principles of process engineering and 
be able to develop new production techniques 

for agricultural products. 

He/She should also be capable of designing the 

equipment to be used in a given process. 

Transformation and Commercialization of 

Agricultural Products

Leadership quality and business oriented
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Dairy food process engineering

The main objective is to study the principles and 

laws governing the 

Physical, 

Chemical, or 

Biochemical stages of different processes, and 

the apparatus or equipment by which such 

stages are industrially carried out.

 Physical, chemical, and biochemical: Unit operations based on 

the nature of transformation
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Process Block Diagram

Dairy processes are usually schematized by 
means of flow charts to synchronize the process.

These are diagrams of all processes that 

indicate different manufacturing steps, as well 

as the flow of materials and energy in the  

process.
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Unit operations

Physical stages: grinding, sieving, mixture, 
fluidization, sedimentation, flotation, filtration, 

rectification, absorption, extraction, adsorption, 

heat exchange, evaporation, drying, etc.

Chemical stages: refining, chemical peeling

Biochemical stages: fermentation, sterilization, 

pasteurization, enzymatic peeling

All stages that take place in the transformation 

processes of agricultural products constitute the so-

called Unit Operations of the Dairy food industry.
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Unit operations

Unit operations can be classified into different 

groups depending on the transferred property, 

since the possible changes that a body may 

undergo are defined by variations in either its 

mass, energy, or velocity. 

Thus, unit operations are classified under mass 

transfer, heat transfer, or momentum transfer.
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Heat transfer Unit Operations

These operations are controlled by temperature 

gradients. They depend on the mechanism by 

which heat is  transferred:

Conduction: in continuous material media, heat 

flows in the direction of temperature decrease 

and there is no macroscopic movement of mass.

Convection: the enthalpy flow associated with a 

moving fluid is called convective flow of heat. 

Convection can be natural or   forced.
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Heat transfer Unit Operations

Radiation: energy transmission by 

electromagnetic waves. No material 

media are needed for its  transmission.

Thermal treatments (sterilization and 

pasteurization), evaporation, heat 

exchangers are studied based on these 

heat transfer mechanisms.
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Dairy Plant Overview
36



Heat treatment and separation unit operations

37



Critical Unit Operations in Dairy Processing 

Plant38



Butter Churner for Batch Production
39



Continuous Butter Making Machine
40



UHT Unit
41
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Milk Separation: Unit Operations in Dairy 

Engineering
44

Cream separation

Gravity separation

V=

n
r g

dd

9

21

2












45



46



47



Cream separation
48

Centrifugal separation

V= 2
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Control of the Fat Content in Cream
55



Milk Processing Technology
56

Cooling

Pasteurization

Sterilization

Homogenization

The most important unit operations/Machinaries in dairy 

processing: Chiller, cream separator, pasteurizer, sterilizer, 

homogenizer, Churners, Packaging, Incubation and cheese 

processing machineries.
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Pasteurization
58

Fluid milk is pasteurized to destroy pathogenic bacteria, 

yeasts and molds

Pasteurization increases the shelf life of perishable food 

commodity

 Thermal processing of milk/dairy ingredients at the 

following times and temperatures:

63
o
C for 30 minutes-LTLT pasteurization

72
o
C for 15seconds-flash method; HTST pasteur.

88
o
C for 1 second

Pasteurizers: A plate type heat exchangers



Sterilization
59

138-150
o
C for 2 seconds-UHT processing 

(sterile, aseptic)

The milk does not require refrigeration until it is 

opened.



Homogenizer

The Technology behind Disruption

of Fat Globules: Homogenization

60

One of the essential unit operation in dairy Industries (can 

reach 65 
0
C)

The function of homogenization is to prevent 

creaming/the rising of fat to the top of the container of 

milk

Expected result after homogenization: Milk maintains a 

more uniform composition
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At homogenization the milk is forced through a 

narrow gap where the fat globules are split
63



Single-stage and Second-stage 
Homogenization64
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Principles  of  Homogenizer
66

 Mechanically increases the number and reduces the size of the fat globules (from 2-

6μ down to < 2 μ)

 Milk pumps under high pressure [2000-2500lbs/sq.in(psi)]

through small mesh orifices of a homogenizer 

 There are single and double stage homogenizers

 The homogenization process: Emulsifies the fine fat globules

and as the surfaces of many new fat globules are formed

 Each fat globule becomes coated with a lipoprotein membrane and additional 

proteins from casein. These proteins adsorb to the freshly-created oil surface 

preventing globules from reuniting and the fat remains homogenously distributed 

throughout milk.

 Homogenization process prior to subsequent pasteurization



Characteristics of Homogenized Milk
67

No creaming or separation of cream to the top of the 

containers

More viscous and creamy milk due to a greater number of 

fat particles

Decreased fat stability as fat globule membranes are 

broken

Whiter milk due to a finer dispersion of fat

More bland due to smaller fat particles
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Butter and Dairy Spreads 

Processing Technology71



Butter Categories
72



Butter Composition
73

Fat-80%

Moisture-16%

Salt-2%

Milk SNF-2%

Butter is an emulsion of water in oil, which the moisture 

evenly dispersed throughout.

In most dairying countries Legislation defines the 

composition of butter.



Butter Making
74

Butter- Fat concentrate which is obtained by churning cream, 
gathering the fat into a compact mass and then working it.

History: The art of butter making is a long history.Old Testament

In the past it was an article of commerce and a sign of wealth. At 
farm: Gravity creaming…

At the middle of 19th : the development of centrifugal cream 
separator, fat test (Babcock 1890, Gerber 1892) butter churners, 
Refrigeration lead butter making rapidly.



Butter Making Theory
75

Milk or cream is agitated vigorously at a temperature at which the milk fat is partly solid 

and partly liquid.

Churning process takes place in partly filled chamber

 The resultant whipped cream occupies a larger volume than the original cream due to a 

large volume of air into the cream as bubbles.

Whipped cream became coarse (semi-solid) butter granules

 Removing the buttermilk

 Kneading the butter granules into a homogenous mass

 Adjust the water and salt contents to the levels desired



Theory of the Mechanism of Churning
76

Fisher and Hooker’s Phase reverse Theory(1917)

Rahn’s Foam theory

King’s modern theory

The function of air

The difference in structure between butter and cream

The temperature dependence of the process



Manufacture of Butter
77

1.Traditional methods of butter making

2.Industrial manufacture of butter

It has two-step process

 Concentrating the fat globules to fat granules and separating the granules from the other 

constituent of the milk or cream, namely butter milk

Working or kneading the granules to obtain a homogeneous fatty product, the butter, by which 

the fat in water dispersion is reversed into a water in fat dispersion.

- Washing of cream( if poor quality)

 Pasteurization and deodorization

 Cooling (13-15 
0
C, tropical condition) and fermentation (ripening has two objectives: acidify the 

cream to solidify part of butter fat)

 Churning and working (Kneading) the butter

 Washing the butter granules and salting if needed (*)



Objectives of Fermentation/Ripening of 

cream in butter production78

Ripening of cream refers to the fermentation of cream with 

the help of desirable starter cultures

 The butter starter culture contain lactic acid producers such 

as Str.lactis and/or Str.Cremoris, together with aroma 

(diacetyl) producers (Str.diacetilactis) with 0.5-02.0 %, 15-

16hr,150C

To produce butter with pronounced characteristic flavor and 

aroma, uniformly from day to day

To obtain exhaustive churning i.e low fat loss in butter milk 

due to souring/ripening



Butter Making Equipment 

(Milk processing unit operations in dairy plant)
79

Butter churner 

Butter packing machine

Continues butter-making 

machines  (efficient)
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Butter Churner for Batch Production
81



A continuous Butter Making Machine
82



Churning Efficiency and Overrun**
83

It is measured in terms of the time required to 

produce butter granules and by the loss of fat in the 

butter milk

Efficiency is influenced markedly by churning 

temperature and the acidity of the milk or cream

Overrun (see.pp161.) Sukumar De. (1983). 



84



85



Production of Whipping Cream
86



Production line for Half and Coffee Cream
87
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Pasteurization plant supplemented with 

Bactofugation or micro-filteration plant
89
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Milk processing unit operations in dairy plant: 
A revision91



Rice and Coconut milk92



Whole milk transportation
93



Design

Layout

Product

Logistics Process



Flow analysis

Raw material Finished product

Layout facilitates this flow



96



97



98



99



100



101



102



103



Unit Operations and Dairy Foods 

Processing

What are the unit operations in Pasteurized 

milk, yoghurt and Cheese manufacturing?

104
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Few and far between: egg in milk
106



 Self assessment and keynote preparation 

from various sources: Hard and soft copy

 It might reach you to the wisdom of 

knowledge and skill transformation

Revision: The CRITICAL ASSET
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Next… Lecture 
108

Dairy Engineering towards Fermented 
Products Processing 

Yogurt Manufacturing 

Kefir Mnaufacturing



Production line for Stirred Yoghurt
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Production line for the Set Yoghurt
110



Final Steps in set Yoghurt Production
111



Process Alternatives for Drinking Yogurt

112



Bulk starter preparation for kefir with a freeze-

dried culture113
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Production of Kefir
115

The Process stages are much the same as for most cultured 

milk products. Traditional production of 



Dairy Plant Overview
116



Heat treatment and separation unit operations

117



Critical Unit Operations in Dairy Processing 

Plant118



UHT Unit
119
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S u c c e e d i n g  l e c t u r e :

S p r a y  d r y i n g  a s  p a r t  o f  d a i r y  
e n g i n e e r i n g

122


