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Introduction

A membrane is a thin, semipermeable barrier that
allows certain molecules or particles to pass through while
preventing others from passing. It is used in separation
processes to divide a mixture into different components based
on size, charge, or molecular properties. The separation or
concentration of food components using membranes is widely
employed, particularly in the fruit, dairy, and alcoholic
beverage industries. It is also used to purify process water and
treat wastewater across a wide range of food industries.

Desirable Properties
Engineering)

of Membranes (in Food

A membrane used in separation processes should
have the following properties:

1. High Selectivity: The membrane should selectively
allow certain molecules to pass while rejecting others.

2. High Permeability (Flux): It should allow a high
rate of flow of the solvent or permeate to increase
process efficiency.

3. Mechanical Strength: The
withstand pressure and mechanical stress during
operation.

membrane must

4. Chemical Stability: It should resist chemical
degradation from acids, alkalis, and cleaning agents.

5. Thermal Stability: The membrane should tolerate
temperature variations during food processing.

6. Resistance to Fouling: It should resist the
accumulation of proteins, fats, microorganisms, and
other particles.

7. Long Operational Life: A good membrane should
be durable and maintain performance for a long
period.

8. Ease of Cleaning: It should be compatible with
cleaning-in-place (CIP) systems.

9. Food-Grade and Non-Toxic: The membrane
material must be safe for food contact and not
contaminate the product.

10. Cost Effectiveness: The membrane should be
economical and easy to replace.

What Is Membrane Processing?

e Definition: Membrane  processing  involves
separating, concentrating, or purifying substances

using a thin barrier (membrane) that permits the
selective passage of molecules.

e Driving Forces: Separation is achieved through
gradients such as:

» Hydraulic pressure
» Concentration

» Electrical potential
» Temperature

Membrane processing is a separation technology that
uses semi-permeable membranes to selectively allow certain
components of a fluid to pass through while retaining others.
Unlike traditional thermal methods, membrane techniques
rely on pressure, concentration, or electrical gradients rather
than heat, making them particularly suitable for sensitive food
products in which flavour, nutrients, and bioactive
compounds must be preserved.
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Fig. 1. Separation of different-sized substances using
membrane systems.

Types of Membrane Processes

In food engineering, membrane processes such as
microfiltration, ultrafiltration, nanofiltration, and reverse
osmosis are widely applied. They are used to clarify juices,
concentrate milk proteins, desalinate whey, purify water, and
stabilize beverages.

Mechanism in the membrane separation process
The mechanisms of membrane separation in food
engineering are based on the selective permeability of a semi-

permeable membrane, which allows certain molecules to pass
through while retaining others. The separation occurs mainly
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due to driving forces such as pressure, concentration, or
electrical potential.

Table 1. Membrane techniques are categorized by pore
size and separation capability

Process Pore | Drivin | Applicatio | Key Features
Size | g ns
Rang | Force
e
Microfiltrat | 0.1- | Pressu | Removal | Largest
ion (MF) 10 re of pores, low
pm bacteria, pressure
suspended
solids
Ultrafiltrati | 0.01 | Pressu | Protein Retains
on (UF) 0.1 | re separation | macromolec
pm , food | ules
processin
g
Nanofiltrat | 0.00 | Pressu | Water Partial  salt
ion (NF) 1- re softening, | rejection
0.01 pesticide
pm removal
Reverse < High | Desalinati | Highest
Osmosis 0.00 | pressu | on, separation,
(RO) 1pm | re ultrapure | removes
water salts and
small
molecules

1. Feed Solution Contact

The liquid mixture (feed) containing dissolved or
suspended components is brought in contact with the
membrane surface.

2. Driving Force

A driving force pushes the solvent or small molecules
through the membrane. Common driving forces include:

e  Pressure difference (used in wicrofiltration, ultrafiltration,
nanofiltration, reverse 05m0sis)

e Concentration gradient (used in dialysis)
e Electrical potential (used in electrodialysis)
3. Selective Permeation
The membrane acts as a selective barrier:

e Small molecules and solvent pass through the
membrane and form the permeate.

e Larger molecules or patticles are retained and form
the retentate (concentrate).

4. Separation Based on Size or Properties
The separation may occur due to:
e Particle size (sieving effect)

e Molecular weight

e  Charge differences
e Solubility or diffusion properties
5. Product Streams Formation
Two streams are produced:

e Permeate: The filtered liquid passing through the
membrane.

e Retentate: The concentrated solution remaining on
the feed side.

Advances in Membrane Separation Process in Food
Engineering

Recent developments in membrane technology have
improved efficiency, selectivity, and durability in food
processing.

1. Development of New Membrane Materials

e Advanced materials such as polymeric, ceramic, and
composite membranes are now used.

e These membranes provide higher
resistance, thermal stability, and longer life.

chemical

2. Nanotechnology-Based Membranes

e Nanofiltration membranes and nanocomposite
membranes have improved pore control.

e They allow better separation of small molecules, salts,
and organic compounds.

3. Anti-Fouling Membranes

e New membranes are designed with surface
modifications or coatings to reduce membrane
fouling.

o This increases operating time and efficiency.

4. Membrane Bioreactors

e Combination of biological treatment and membrane
filtration in one system.

e Used for wastewater treatment and recovery of
valuable food components.

5. Integrated Membrane Processes

e Membrane systems are now combined with other
processes such as evaporation, adsorption, and
chromatography to improve separation efficiency.

6. Improved Cleaning Techniques

e Development of better cleaning-in-place (CIP)
methods and chemical cleaning agents to maintain
membrane performance.

7. Energy-Efficient Membrane Systems

e Modern membranes require lower pressure and less
energy, making them more economical for industrial
food processing.
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Advantages of Membrane Processing

v' Low Temperature Operation: Separation occurs
without high heat, helping preserve nutrients, flavour,
colour, and aroma of foods.

v Energy Efficient: Requires less energy compared to
thermal processes like evaporation.

v' Selective Separation: It can precisely separate
molecules based on size or molecular weight (e.g.,
proteins from whey).

v Improved Product Quality: Maintains natural taste
and nutritional value since no phase change is
involved.

v" Continuous Processing: Membrane systems can
operate continuously, improving productivity.

v Envitonmentally Friendly: Reduces the use of
chemicals and generates less waste.

v' Compact Equipment: Membrane units generally
occupy less space compared to conventional
processing equipment.

Disadvantages of Membrane Processing

v' Membrane Fouling: Accumulation of particles,
proteins, or microorganisms on the membrane
reduces efficiency and requires frequent cleaning.

v' High Initial Cost: Membranes and associated
equipment can be expensive.

v Limited Membrane Life: Membranes degrade over
time and must be replaced.

v' Concentration Polarization: Build-up of solutes
near the membrane surface reduces separation
efficiency.

v’ Pressure Requirements: Some processes (like
reverse osmosis) require high pressure, increasing
operational cost.

v' Not Suitable for Highly Viscous Fluids: High
viscosity or high solid content may reduce filtration
efficiency.

v Cleaning and Maintenance: Requites petiodic
chemical cleaning (CIP) to maintain performance.

Key Applications in Food Processing
Dairy Industry
¢ Cold pasteurization (removal of bacteria/spores from
milk)
e  Separation of casein micelles and fat globules
e Concentration and demineralization of whey

e Fractionation of whey proteins and desalination of
whey permeates

Beverages (Wine, Beer, Fruit Juice)

e C(larification and stabilization without chemical

additives
e Removal of suspended solids and microorganisms
e Concentration of flavours and nutrients
Sugar Industry
e Purification of sugar solutions
e Reduction of colorants and non-sugar impurities
Waste Management in Food Production

e Treatment of effluents and recovery of valuable by-
products

e Reduction of environmental footprint

- Removal of bacteria and spores by MF

- Separation of casein micelles by MF

- Separation and fractionation of fat globules by MF
Concentration and demineralization of whey by RO,
NF or ED

- Fractionation of whey proteins by UF, membrane
chromatography or ED

- Clarification by MF

- Decrease of turbidity and
improvement of microbiological
stabilization

L i
Classical membrane Fruit
processes for food juices
applications TT———""- Clarification by UF or MF

- Concentration by RO, MD,
_ —— 0D or integrated processes

/" _\ / \ - Deacidification by ED
| Beers \SU gar )
- Clarification by MF —_— —— - Purification of sugar cane juice by UF

- Tank bottom recovery by - Demineralization of sugar juice by
MF ED

Fig. 2. Classical membrane process for food
Applications

Conclusion

Membrane processing has become an important
technology in modern food engineering because it provides
efficient and gentle separation of food components. Unlike
traditional thermal methods, membrane processes operate at
low temperatures, which helps in preserving the nutritional
value, flavour, and quality of food products. These processes
offer several advantages, such as high selectivity, energy
efficiency, continuous operation, and minimal chemical usage.
Membrane technology is widely used in the dairy industry for
milk and whey protein concentration, fruit juice clarification,
beverage processing, and water purification. With the
development of advanced membrane materials and improved
anti-fouling techniques, membrane systems are becoming
more reliable and cost-effective for industrial applications.
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