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INTRODUCTION

The presence of a foam layer is very common, 
particularly in aerobic fermentation



 Foams  are  comprised  of  thousands  of  tiny  bubbles  of  
mechanical  or  chemical  origin  and  are generated  within  
a  liquid. 

 If  these  bubbles  rise  and  accumulate  at  the  liquid  
surface  faster  than they  decay,  foaming  occurs. 

INTRODUCTION



 Gas  makes  up  the  larger  volume  fraction  of  such  a  
foam; therefore,  the  bulk  density  of  the  foam  
approaches  that  of  the  gas  rather  than  the  liquid.  

 The bubbles  are  separated  only  by  a thin  liquid  film. 
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 Foam is a two-phase system of 
gas and bubbles separated by a 
thin liquid layer known as the 
lamellar phase

INTRODUCTION

 True  foaming  only  occurs  
when  the  intervening liquid  
between  two  bubbles  thins  
down  to  a  lamella,  instead  
of  rupturing  at  the  point  of  
closest approach.



Finally a honey comb structure of air bubles
separated by very thin walls of liquid connected by 
Plateau borders results from this process.

INTRODUCTION



Foam is…

• …a random packing of bubbles in a relatively small 
amount of liquid containing surface-active impurities
• Four levels of structure:

• Three means of time evolution:
• Gravitational drainage
• Film rupture
• Coarsening (gas diffusion from smaller to larger bubbles)



Foam is…

• …a most unusual form of condensed matter
• Like a gas:

• volume ~ temperature / pressure

• Like a liquid:
• Flow without breaking
• Fill any shape vessel

• Under large force, bubbles rearrange their packing 
configuration

• Like a solid:
• Support small shear forces elastically

• Under small force, bubbles distort but don’t rearrange



Foam is…
• Everyday life:

• detergents

• foods (ice cream, meringue, beer, 
cappuccino, ...)

• cosmetics (shampoo, mousse, 
shaving cream, tooth paste, ...)

• Unique applications:
• firefighting

• isolating toxic materials

• physical and chemical separations

• oil recovery

• cellular solids

…

Undesirable occurrences:
mechanical agitation of multicomponent 
liquid
pulp and paper industry
paint and coating industry
textile industry
leather industry
adhesives industry
polymer industry
food processing (sugar, yeast, potatoes)
metal treatment
waste water treatment
polluted natural waters



Condensed-matter challenge

• To understand the stability and mechanics of bulk 
foams in terms of the behavior at microscopic scales

bubbles are the “particles” from which foams are assembled

• Easy to relate surfactant-film and film-bubble behaviors
• Hard to relate bubble-macro behavior

• Opaque: no simple way to image structure
• Disordered: no periodicity
• kBT << interaction energy: no stat-mech.
• Flow beyond threshold: no linear response

• hard problems!
• new physics!



The gas content is very high, 
usually 60-90%. Foam has 
to be distinguished from 
hold up, which indicates the 
bubble in the bulk of the 
liquid.

The gas content for hold up 
is usually << 50%, much 
smaller than a foam.



Measuring Foam

 There are a number of definitions and related measuring 
methods to quantify the foaming behavior of a liquid.

 The most simple one is given by Bikerman (1953) and 
Kalischewski et alm, (1979). They define the foaminess, ∑(s), 
of a liquid in a small-buble colomn with a porous glass 
sparger as

In which:
Vfe = Equilibrium volume of foam (m3)
Fg = volumetric gas flow rate (m3 s-1)



 A simple method to define the foam stability is given by 
Bumbullis and Schugerl (1981).

 A stirrer rotates above the foaming liquid and is moving 
slowly downward.

When it reaches the foam it will destroy the foam.
Moving downward further there will be a position at 

which the foam is not destroyed anymore.
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 The corresponding foaminess at this position is ∑e (s). Foam 
stability s then is defined as

 These two methods give values that are dependent on the 
measurement method itself, instead of independent 
absolute values.

Measuring Foam



Advantages and Disadvantages
DISADVANTAGES

 Decrease of the effective 
bioreactor volume and even 
product loss when overflow occurs.

Schematic representation of 
adsorbed protein molecules.

ADVANTAGES

 Foaming liquids also tend to be 
noncoalescing. Therefore, they will 
have favorable mass transfer 
characteristics.

Schematic representation of 
protein molecules in a solution 



THEORY OF FOAM STABILITY

The most widely accepted theory is that foam 
stability is caused by the presence of proteins on the 
gas-liquid surface. 

1. Protein Properties
2. Relevant Process in Fermentation 



THEORY OF FOAM STABILITY
1. Protein Properties



THEORY OF FOAM STABILITY
1. Protein Properties

 Among the factors that influence 
foam texture are surfactants 
and proteins. 

 Surfactants migrate 
rapidly,against a gradient, 
towards thinner regions of the 
bubblewalls, whereas proteins 
bind to the interface and 
interact with it by means of 
electrostatic or hydrophobic 
forces, hydrogen bonds, or 
covalent linkages.

Bubble glycoprotein distribution. 
Hydrophilic polysaccharides oriented in the 
liquid layer and hydrophobic proteins in the
gas bubble



THEORY OF FOAM STABILITY
2. Relevant Process in Fermentation 

Examples of process taking place during fermentation 
in which surface phenomena play a role are:

 Drainage of liquid from a thin film between two bubbles
 Drainage of liquid from the Plateau borders in the foam
 Stability of thin liquid films as affected by the presence of 

antifoam liquids
 Oxygen transfer from the rising bubbles to the surrounding 

liquid



THE INFLUENCE OF BROTH PARAMETERS 
AND OPERATING PARAMETERS

Some general remarks will be made now about the 
influence of a number of parameters.

1. Protein
2. Salts
3. Alcohols
4. Antifoam agents 
5. pH
6. Temperature
7. Cells
8. Gas flow rate
9. Viscosity



FOAM DESTRUCTION METHODS

For commercial fermentation foam control is 
necessary due to the possibility of overflow. Mass 
transfer of a foaming liquid is favorable to mass 
transfer of its nonfoaming counterpart.

1. Antifoam agents
2. Mechanical and physical methods



Chemical Antifoams

• Surface active compounds 
which destabilise foam 
structure at low 
concentrations

• Part of the medium 
and/or pumped in as 
necessary

• Can decrease oxygen 
transfer to the medium



Desirable Antifoam Properties

• Effective

• Sterilisable

• Non toxic

• No interference with downstram processing

• Economical



• The antifoam requirement will depend on
 the nature of the medium. 
Media rich in proteins will tend to foam more readily than simple media. 

 the products produced by the fermentation. 
Secreted proteins or nucleic acids released as a result of cell death and 
hydrolysis have detergent like properties. 

 the aeration rate and stirrer speed. 
Increasing the aeration rate and stirrer speed increases foaming problems. 

 the use of mechanical foam control devices 
Foam control devices such as mechanical and ultrasonic foam breakers help 
to reduce the antifoam requirement. 

 The head space volume 
The larger headspace volume, then the greater the tendency for the foam to 
collapse under its own weight. For example, for fermentations in which high 
levels of foam is produced, a 50% headspace volume may be required. 

 Condenser temperature 
In laboratory scale reactors, a cold condenser temperature can help to 
control the foam. The density of the foam increases when it moves from the 
warm headspace volume to the cold condenser region. This causes the foam 
to collapse.



Antifoams - Examples

• Fatty acids and derivatives (vegetable oils)
• Metabolisable
• Cheaper
• Less persistant

• Foam may reoccur : more has to be added.
• Used up before downstream processing



Antifoams - Examples

• Silicones
• Non metabolisable
• More expensive
• More persistant

• Less needed.
• Could interfere with downstream processing

• Often formulated with a metabolisable oil “carrier”



Mechanical Foam Breakers

• Fast spinning discs or 
cones just above the 
medium surface

• Fling foam against the 
side of the bioprocessor 
and break the bubbles

• Can be used with or 
without antifoams



Ultrasonic Whistles
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FOAM CONTROL SYSTEM

• Foam control is an essential 
element of the operation of 
a sparged bioreactor. The 
following photograph shows 
the accumulation of foam in 
a 2 litre laboratory reactor.



• Excessive foam formation can lead to blocked air exit 
filters and to pressure build up in the reactor. 

• The latter can lead to a loss of medium, damage to the 
reactor and even injury to operating personnel. 

• Foam is typically controlled with aid of antifoaming 
agents based on silicone or on vegetable oils. 

• Excessive antifoam addition can however result in poor 
oxygen transfer rates.

FOAM CONTROL SYSTEM



FOAM IS TYPICALLY DETECTED USING 
TWO CONDUCTIVITY OR "LEVEL" PROBES

When the upper level probe is above the foam 
level, no current will pass between the level probes 
and the antifoam pump remains turned off.

When the upper level probe is immersed in 
the foam layer, a current is carried in the 
foam. This causes the antifoam to turn on.



• One probe is immersed in the fermentation liquid while the 
other placed above the liquid level. 

• When the foam reaches the upper upper probe, a current is 
carried through the foam. 

• The detection of a current by the foam controller results in the 
activation of a pump and the antifoam is then added until the 
foam subsides.

FOAM CONTROL SYSTEM
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