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n recent years, the consumption of fruit juices has surged as modern consumers 

increasingly demand healthy, convenient and ready-to-drink products. From a market 

valued at USD 230.96 billion in 2016, the global fruit and vegetable processing industry is 

poised to nearly double, reaching an estimated USD 446.05 billion by 2024, with an 

impressive compound annual growth rate (CAGR) of 7.1%. Fruit juices are esteemed not 

only for their refreshing taste and extended shelf life, but also for their inherent nutritional 

benefits and providing essential vitamins, minerals, proteins, antioxidants, and calories 

naturally found in whole fruits. 

 However, the commercial production of juice poses a technical challenge: raw juices 

contain both low-molecular-weight constituents (such as sugars, acids, and flavor 

compounds) and large macromolecules like pectins, starches, suspended solids, proteins, and 

polyphenols. To ensure visual clarity and stability, traditional industrial processes apply 

enzymatic treatments (pectinase and amylase) to break down haze-forming components, 

followed by fining agents (e.g., gelatin, bentonite) to assist flocculation and filtration. While 

effective, these steps carry the risk of residual additives and potential flavor alteration if not 

fully removed. Thermal evaporation is a traditional and widely used method for concentrating 

fruit juices, but it often affects their nutritional content, flavor and overall quality. When 

juices are subjected to high heat during processes like boiling or pasteurization, heat-sensitive 

vitamins and minerals can degrade, and the natural taste and aroma can be altered. 

Furthermore, these heat-based techniques may not fully eliminate all microorganisms, raising 

potential safety concerns. During heating, components such as lipids and ascorbic acid may 

undergo oxidation, amino acids and sugars may participate in the Maillard browning reaction 

and pigments like anthocyanins, carotenoids, and chlorophyll can break down. 

 In contrast, modern energy-efficient methods such as microfiltration (MF) and 

ultrafiltration (UF) offer a promising alternative. These membrane filtration techniques help 

clarify juice without the need for additives and operate at lower temperatures, thus preserving 

the juice’s fresh, natural flavors and nutritional integrity. 

Membrane technology 
Membrane technology is defined as a broad term that contains several separation processes 

on molecular level i.e., membrane separation usually applied on < 10 µm size molecules. 

Membrane separation is performed above the atmospheric pressure (that varies with 

particular membrane process) in a closed system. so, these processes are known as pressure-

driven membrane processes. 

Feature Conventional Methods Membrane Technology 

Process 
Thermal processing, centrifugation, 

filtration 

Membrane filtration (MF, UF, NF 

& RO) 

Temperature High temperatures Low temperature or no heat 

Product Quality 
Potential loss of color, flavor and 

nutrients 

Retention of color, flavor and 

nutrients 
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Energy 

Consumption 
High energy consumption Lower energy consumption 

Chemical Usage 
Use of chemicals for clarification and 

preservation 
Minimal or no chemical usage 

Waste Generation Significant waste generation Reduced waste generation 

Process Control Difficult to control precise separation Precise control of separation 

Scalability Limited scalability 
Scalable for large-scale 

production 

Capital Cost Lower initial investment Higher initial investment 

Operating Cost Lower operating cost Higher operating cost. 

Principle of Membrane Separation 
Membrane separation uses a semi-permeable barrier that allows specific molecules or ions to 

pass while retaining others. Its selectivity depends on characteristics like pore size, surface 

charge, and hydrophilicity. By applying a pressure gradient across the membrane, the process 

forces the feed mixture to flow through it. In membrane separation process the feed stream is 

separated into two fractions 

  Permeate: The fraction of feed that permeates through membrane is called permeate.  

  Retentate: The fraction of feed stream that is retained over (doesn't permeate) through 

membrane is called retentate.  

Types of Membrane 
Polymeric Membrane: It made from organic polymers, are cost-effective and offer high flux 

but are susceptible to chemical and thermal degradation and fouling.   

Examples: 

 Polyvinylidene fluoride (PVDF),  

 Polysulphone (PS),  

 Polyether sulphone (PES),  

 Polyacrylonitrile (PAN), 

 Cellulose acetate (CA).   

Ceramic Membranes: It made from  inorganic  materials are more expensive but exhibit 

superior chemical and thermal stability, mechanical strength them suitable for harsh 

environments. 

Examples:  

 Ceramic, 

 Alumina,  

 Zirconia, 

 Titania. 

Membrane Generations 
First generation: Cellulose acetate derived membranes, which were developed to desalinate 

seawater. They were susceptible to microorganisms and disinfectants as well as sensitive to 

(3-8) pH and (maximum 50 ⁰C) temperature . 

Feature Polymeric Membranes Ceramic Membranes 

Material Organic polymers Inorganic materials 

Cost Lower Higher 

Flux Higher Lower 

Chemical Stability Lower Higher 

Thermal Stability Lower Higher 

Mechanical Strength Lower Higher 

Fouling Resistance Lower Higher 
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Second generation: Developed from synthetic polymers like polysulfone or polyolefin 

derivatives), these are better than first generation as having better resistant towards 

hydrolysis, pH and temperatures, but have lower resistance to mechanical compacting. 

Third generation: Mineral membranes consisting ceramic material based on zirconium or 

alumina oxide are usually deposited on a graphite surface. These membranes have great 

mechanical strength, are chemically inert and can be operated on high pressures, wide pH 

range (0-14) and temperatures > 400 ⁰C. Their main demerit of these membranes is their cost 

(expensive than other membrane materials), but the same is compensated by their long 

operational life. 

Fourth generation: Hybrid process i.e. combination of conventional electrodialysis & 

different pore sizes membranes (E.D.+MF/UF/NF). 

Modes of membrane filtration 

Types of membrane separation  
Membrane technology encompasses various separation techniques, including microfiltration 

(MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO). These processes 

utilize semi-permeable membranes to selectively separate juice components based on their 

size, shape or charge of the particles. 

1.   Microfiltration (MF) 

Microfiltration is a physical filtration process that uses a membrane filter to separate 

suspended particles and microorganisms from a feed. The process involves passing the fluid 

through a membrane filter with pores that are typically 0.1 to 10 micrometers in size. Allow 

the passage of smaller molecules like sugars and acids while retaining larger particles such as 

pulp, microorganisms and suspended solids. 

MF applications in juice processing 

 Clarification  

 Microorganism Removal  

 Colloidal Particle Removal  

 Pre-treatment for Further Processing  

2. Ultrafiltration (UF) 

Ultrafiltration (UF) is a membrane-based separation process that uses pressure to force a 

liquid solution through a membrane with a specific molecular weight cut-off (MWCO) of 

0.01 and 0.1 microns. The MWCO determines the size of molecules that can pass through the 

membrane. This separation process is used in industry and research for purifying and 

concentrating macromolecular (10
3
–10

6
 Da) solutions, especially protein solutions. 

UF applications in juice processing 

 Protein Fractionation  

 Concentration of Juices  

 Removal of  large molecules           

 Clarification 

3. Nanofiltration (NF) 

Nanofiltration (NF) is a membrane-based separation process that uses pressure to force a 

liquid solution through a membrane with a pore size ranging from 1 to 10 nm. The separation 

mechanism in NF is more complex than in microfiltration or ultrafiltration and involves a 

combination of size exclusion and electrostatic interactions.  

 

a) Dead end flow b) Cross flow 

 Feed flow is perpendicular to the 

membrane surface. 

 Flow of solution is parallel to the 

membrane surface. 

 Dead end flow cause a large reduction 

in the flux. 

 

 Reduced level of fouling. 



Kamalraj (2025) Agri Magazine, 02(06): 173-178 (JUNE, 2025)     

Agri Magazine ISSN: 3048-8656 Page 176 

Separation Mechanism 

 Size Exclusion:  
  Similar to UF, NF retains molecules larger than the pore size (1-10 nm). 

 Donnan Exclusion: Ions with a charge opposite to that of the membrane surface are 

attracted, while ions  with the same charge are repelled. This can lead to selective ion 

removal. For instance, a negatively charged membrane can effectively remove anions, 

while allowing cations to pass through. 

NF applications in juice processing 

 Concentration of  Pigments  

 Mineral Removal  

 Concentration of Sugars      

 Removal of Pesticides and Herbicides Residues  

4. Reverse Osmosis (RO) 

Reverse osmosis (RO) is a membrane-based separation process that uses pressure to force a 

liquid solution through a semi-permeable membrane. Reverse osmosis filters have a pore size 

around 0.0001 micron (0.1 nm). The membrane allows the passage of water molecules while 

rejecting dissolved salts and other solutes.  

Separation Mechanism 

 Pressure-Driven Diffusion: 
A pressure greater than the osmotic pressure is applied to the feed solution, forcing water 

molecules to move from the high-concentration side to the low-concentration side of the 

membrane. 

 Solute Rejection: 
The membrane pores are so small that they effectively block the passage of dissolved salts 

and other solutes, resulting in a high degree of solute rejection.  

RO applications in juice processing 

 Concentration of Juices  

 Water Recovery 

 Removal of Chemicals 

5. Electrodialysis (ED) 

Electrodialysis (ED) is a membrane-based separation process that uses an electric field to 

transport ions across semi-permeable membranes. In the context of juice processing, ED is 

primarily used for deacidification. ED is used to deacidify juices from a variety of fruits, 

including mandarin orange, passion fruit, pineapple   and tropical fruits.   

Separation Mechanism  
 Stack Assembly: An ED stack consists of alternating cation-exchange membranes 

(CEM) and anion-exchange membranes (AEM).    

 Electric Field Application: When an electric field is applied, ions in the juice migrate 

towards the electrodes.    

 Ion Transport: Cations (positive ions, like H+) pass through the CEM, while anions 

(negative ions) pass through the AEM.    

 Deacidification: As ions are removed, the pH of the juice increases, resulting in a less 

acidic product.  

ED applications in juice processing 

 De- acidification 

 Concentration  

 De-  mineralization  

 Recovery of Valuable Compounds  

6. Pervaporation 

Pervaporation is a membrane-based separation process that separates liquid mixtures by 

selective vaporization through a dense membrane. This technology offers unique advantages 

for juice processing, especially in terms of recovering aroma from fruit juices, herbal and 

flowery extracts. 
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 Membranes used: Zeolite and Poly Dimetyl Siloxane.  

Separation Mechanism 

 Liquid Feed: The liquid feed mixture (e.g., juice) is applied to one side of the membrane.  

 Vapor Permeation: The more volatile components of the feed, such as water or specific 

aroma compounds, permeate through the membrane in vapor form. 

 Permeate Recovery: The permeate vapor is condensed on the other side of the membrane, 

forming a concentrated permeate. 

 Retentate: The remaining liquid, depleted of volatile components, is the retentate.  

Applications in juice processing 
 Aroma Recovery 

 Concentration of juices 

 Removal of Ethanol  

7. Osmotic Distillation (OD) 

Osmotic Distillation (OD) is an innovative technique for concentrating fruit juices while 

preserving their natural flavors and nutrients. Unlike traditional heating methods, OD utilizes 

a gentle, low-temperature process to remove water from the juice, resulting in a concentrated 

product with superior quality. OD has several advantages including: Cost and energy saving, 

Lower operating temperature and pressure. It can be used to separate compounds sensitive to 

pressure and heat.  

Separation Mechanism  
1. Membrane placement: A membrane is placed between a low salinity feed stream and a 

high salinity draw stream.  

2. Vapor pressure gradient: The difference in solute concentration between the two 

streams creates a vapor pressure gradient across the membrane.  

3. Water transfer: Water molecules move from the feed stream to the draw stream through 

the membrane's pores.  

OD applications in juice processing 

 Concentration of Juices 

 Preservation of Quality 

 Energy Efficiency 

Membrane Fouling 
The main problem in the practical application of membrane filtration is the reduction in 

permeate flux over time, caused by the accumulation of feed components in the membrane’s 

porous structure and on the membrane surface, the chemical interaction between solutes and 

membrane material on the membrane surface (concentration polarization and gel formation), 

and bacterial growth on the membranes. 

 Membrane Fouling is a phenomenon where solute or particles either deposit onto the 

membrane surface or held into membrane pores (pore blocking) in a manner that degrades the 

membranes performance (in terms of productivity and quality). 

Factors influencing the rate of fouling Major foulants 

 Membrane properties  Bacterial Growth 

 Feed solution composition  Organic Materials 

 Mode of filtration (dead end or cross flow)  Biological Materials 

 Process duration  Colloidal & Suspended Matters 

Types of membrane fouling 
During filtration process, the loss in performance capacity of membrane process is primarily 

due to two phenomena:  

 Surface deposition:  
Formation of a boundary layer that builds up (as cake or gel) on the membrane surface. 

 Pore blocking:  
Blockage of membrane pores i.e. deposition within the membrane.  
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The formed boundary or gel layer acts as a secondary membrane and rejects smaller solutes 

also, reducing the native design selectively of the membrane. 

Membrane cleaning and fouling control 
1. Physical Cleaning  
 Backwashing: Reversing the flow direction to dislodge particles.  

 Hydrodynamic Flushing: Increasing flow rate to shear off foulants.  

 Ultrasonic Cleaning: Using high- frequency sound waves to dislodge foulants. 

2. Chemical Cleaning 

Category Mechanism Common Chemicals 

Alkali 
Dissolving organic and inorganic 

material, hydrolysis of proteins. 

Sodium hydroxide (NaOH), 

Potassium hydroxide (KOH) 

Acids 

Solubilization and chelation of 

metal oxides, dissolution of 

scales. 

HCl, Phosphoric Acid(H3PO4), Nitric 

acid (ΗΝΟ3), citric acid. 

Oxidants/ 

Disinfectants 

Disinfection, oxidation of 

foulants. 

Sodium hypochlorite (NaOCl) , free 

chlorine, Hydrogen peroxide (H2O2) 

Chelating agents 
Forming complexes with metals 

in order to keep them in solution. 

Citric acid, ethylenediamine- 

tetraacetic acid (EDTA). 

3. Operational Control  
 Feed Pretreatment: Filtering or chemically treating feed to remove suspended solids, 

which are effective in reducing the accumulation on the membrane surface.  

 Temperature Control: Generally, elevated temperatures enhance membrane cleaning. 

However, it is important to consider the limitation of the membrane.  

 Flux Control: Maintaining a suitable flux to reduce fouling.  

 Periodic Cleaning: Implementing regular cleaning cycles to prevent severe fouling.  

Conclusion 
In conclusion, membrane technology has revolutionized juice processing,offering significant 

advantages over traditional methods. These techniques operate at ambient temperatures, 

minimizing thermal degradation and preserving delicate flavors and nutrients, while also 

reducing energy consumption and wastewater generation. While challenges like membrane 

fouling exist, ongoing research and development continue to optimize membrane 

performance and expand their applications.  
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