
Milking Machines



Machine Milking

 On larger farms,

 cows are milked by

 a machine

 Vacuum pump

 Vacuum vessel

 Teat cups

 Pulsator



Machine Milking

 Massage phase

 Suction is applied 
alternately to the left and 
right teats



Vacuum line runs whole system

1. Vacuum Pump

2. Vacuum Pipeline

3. Milk Cooling Tank

4. Milk Pipeline
Dairy Processing Handbook p. 6



Problems with teat cup slippage & Vacuum 
irregularity

•Tissue damage
•Milk reflux to teat end
•Cross contamination



Breast pumps

 http://www.fda.gov/cdrh/breastpumps/index.html

 http://www.medelabreastfeedingus.com/products/br
east-pumps

http://www.fda.gov/cdrh/breastpumps/index.html


What breast pump companies want





Pump vacuum impacts rate of milk released





Importance of Proper Pump Flange Fitting



ADVANTAGES to manual expression over mechanical 
methods 

 Some mechanical pumps cause discomfort and are 
ineffective.

 It is more natural.

 Skin to skin contact is more stimulating; easier 
milk ejection reflex.

 It's convenient.

 It's ecologically superior.

 It's portable. How can a mother forget her hands?

 Best of all it's free!

http://newborns.stanford.edu/Breastfeeding/HandExpression.html



Expressed human milk storage Guidelines from the Centers for 
Disease Control and Prevention

http://www.cdc.gov/breastfeeding/recommendations/handling_breastmilk.htm



Machines for Milk Processing



Clarification / Separation / Standardization



Clarifier/Separator Purpose?

 Removes extraneous 
material

 Cream removal

 Fix fat composition



Separation and Clarification Equipment

 Same equipment

 Equipment construction

 Less dense particles move 
inwards

 More dense particles move 
outwards



Separation

 Old fashioned gravity 
creaming

 Revolutionized the 
dairy industry

 Purpose

 Separator



Clarification

 Extraneous material in raw milk

 Remove extraneous material

 Self desludging equipment



Standardization

 Recombination of skim and fat to provide the desired fat content

 Throttling valve

 Direct standardization



Homogenization



Background on Homogenization

 1902 – Auguste Gaulin

 Reduces creaming of 
the fat globules in milk

 Mechanical treatment 
of the fat globules in 
milk while hot

Raw milk straight from the cow



Positive Effects of Homogenization

 No cream line in final product

 Milk’s susceptibility to oxidative rancidity is reduced

 Whiter, more attractive color

 Enhanced mouth feel

 Full bodied flavor

 Greater stability in cultured products



The Homogenizer

 Three-cylinder positive 
displacement piston 
pump and the 
homogenization valve

 It can process 
20,000L/hour

 The high pressure 
pump

Dairy Processing Handbook, Tetra Pak Processing



The Homogenizer
 Oil tanks
 Single stage – one oil tank
 Two stage – two oil tanks
 Milk is homogenized in 

first stage
 Second-stage provides a 

constantly controlled back-
pressure to the first stage

 Second-stage also breaks 
up clusters that are formed 
directly after 
homogenization.

Dairy Processing Handbook, Tetra Pak



The Homogenizer

 Milk is supplied to the 
space between the seat 
and the forcer at high 
pressure.

 Milk moves through 
the gap at a velocity of 
100 – 400 m/s and 
homogenization takes 
place in 10 – 15 
microseconds.

Dairy Processing Handbook, Tetra Pak



Pasteurization

Why?

How?



Batch Method

 Uses a vat pasteurizer, which 
consists of a jacketed vat 
surrounded by circulating water, 
steam, or heating coils of water 
and steam. 

 Milk is heated in the vat and held 
for the specified amount of time 
while being agitated. 

 Milk can either be cooled in the vat 
or it can be removed hot.

 This method is not used often for 
plain fluid milk beverages, but it is 
used mostly for pasteurizing 
special batches of milk products 
such as ice cream, creams, started 
cultures for yogurt, cheese, and 
buttermilk as well as for flavored 
milk to help the ingredients 

disperse throughout the product.



Continuous Method

 Many advantages over batch 
pasteurization:

- Efficiency: saves 90% of heating 
and cooling costs

- Saves time: it is continuous and the 
holding time is seconds rather than 
30 minutes as with the batch method

- Saves floor space

 HTST plate pasteurizer – high 
temperature short time plate 
pasteurizer

 The HTST continuous plate 
pasteurizer consists of a cooling 
section, a regenerator, and a heating 

section.

HTST continuous plate pasteurizer at the NCSU Dairy Plant



Continuous Method - Plate Heat Exchanger
 The plate heat exchanger 

consists of a stack of 
corrugated stainless steel 
plates clamped together in a 
frame.

 Corrugated means “shaped into 
alternating parallel grooves and 
ridges”. 

 This characteristic of the plate 
heat exchanger improves 
strength, fluid flow, and 
increases the surface area for 
the milk to come in contact with 
the plates. 

 Gaskets are also attached to 
the plates to prevent the milk 
from leaking during 
pasteurization. Plates from the regenerator. 



Flow of the Continuous Method

• Raw milk is held in a tank at 

4°C (39°F). From this tank, it 

is drawn into the regenerator 

section of pasteurizer and 

warmed to 57°C - 68°C 

(134°F - 154°F) by heat from 

hot pasteurized milk flowing 

in a counter-current direction 

on the opposite side of the 

steel plates.

Fill tanks at the NCSU Dairy Plant



Flow of the Continuous Method

 The raw milk then passes through the timing pump, which delivers it 

to the rest of the HTST system and directs the rate that the milk flows 

through the holding tubes.



Flow of the Continuous Method

 Next, the milk passes through the heater section where hot water on 

opposite sides of the plates heats the milk to 72oC (161oF).

 The milk is now at the pasteurization temperature and it flows, under 

pressure, through the holding tubes and is held for a minimum of 16 

seconds.



Flow of the Continuous Method

 The maximum velocity at which the milk is transported 

through the holding tubes is determined by the speed of 

the timing pump, surface friction, and the length and 

diameter of the holding tube.



Flow of the Continuous Method

 Flow diversion device (FDD) – is a three way valve. 

 When the temperature is greater than the pasteurization temperature, 

72oC (161oF), the valve opens to forward flow and the milk is transported 

through the rest of the HTST system.

 If the temperature is less than pasteurization temperature, the valve 

closes and the milk is diverted to the balance tank.

Top: figure of a flow diversion valve

Bottom: flow diversion valve at NCSU Dairy Plant



Roles of Dairy Packaging

Definition

1.To retard deterioration of the 
product by preventing microbial 
recontamination and excessive 
chemical deterioration.

2. Provide containment, facilitate 
use, identify products, and 
communicate and appeal to 
consumers 


