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Abstract 

Whey is the major by-product of cheese industry which contains valuable organic 

materials. Further processes are needed before these organic materials can be used in food 

industry. Membrane filtration is a convenient alternative to traditional processes. Low 

energy consumption, reduced processing costs and enhanced quality of products are the 

main benefits of membrane filtration. Due to these advantages membrane filtration 

techniques have affected dairy industry in many aspects and become important part of the 

dairy processing. Pressure driven membrane filtration techniques namely, microfiltration 

(MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO) have found wide 

range of application areas to produce value-added dairy products. Depending on their 

application ranges, all the milk components can be separated and fractionated efficiently.  

In this paper, a comprehensive review is presented on the researches and developments 

related to membrane separation and fractionation of milk proteins.  

Keywords: membrane filtration; milk proteins; whey separation; protein 

fractionation. 
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1. Introduction 

Separation technologies benefit from the physical and chemical characteristics of the mixture components. These 

technologies are used to separate or purify mixtures [1]. Membrane-based separation processes (Figure 1) unlike others 

(evaporation, ion exchange, electrodialysis etc.) do not require addition or removal of heat or chemicals that affects 

physical and chemical specifications of the target components. Therefore, using membrane techniques provide 

separations at lower temperatures which target components can be obtained at their native state [2, 3]. 

 

 

Figure 1. Schematic representation of membrane separation process. 

 

Microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO) are the most common pressure-

driven membrane processes used in the dairy industry. Also, based on their pore sizes and molecular weight cut-offs 

(MWCOs), shown at Table 1, it is possible to separate or fractionate components of the milk from casein micelles to 

monovalent ions [4, 5]. 

 

Table 1. Size distribution among filtration methods [2, 6-9]. 

Filtration Method  MWCO (kDa)  Pore Diameter (nm)  Pressure (bar) 

Microfiltration  >200  50-10000  1 

Ultrafiltration  1-200  10-100  1-15 

Nanofiltration  0.3-1  1-10  20-30 

Reverse Osmosis  0.1  -  10-50 

 

 

Main driving force, refers to transmembrane pressure (TMP), is the pressure gradient between the side of retentate and 

permeate. The fraction retained by membrane is called as retentate whereas the fraction passes through membrane is 
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referred as permeate [10]. Chemical composition of the membrane, temperature, pressure, feed flow and interactions of 

feed components with the membrane surface influence the separation performance [9]. It has been reported that UF is 

the most prevalent membrane filtration method in dairy industry with an installed area of about 350000 m2. For NF, RO 

and MF this area is about 100000 m2, 65000 m2 and 15000 m2, respectively [11]. 

In filtration process, organic polymers or inorganic materials (mostly ceramic) are used to produce membranes. Organic 

polymers, compared with inorganic membranes, are economically convenient and have high package density. They have 

a broad range of pore sizes which can perform in limited ranges of temperature, pH, and TMP. On the other hand, 

inorganic materials can be used in more extreme cases and serves longer physical life [10]. 

Membrane processes have been taken part in dairy industry for a long time and recently they have a wide range of 

implementation for the concentration of whey and milk. Whey processing is the leading industrial membrane application 

because of the simplicity, urgency and the economics of disposal problems [12]. Besides, separation and fractionation 

of milk and whey proteins draw increasing interest in food industry due to their functional, biological and nutritional 

properties. Whey protein fractionation provides recovery of value-added protein ingredients like whey protein 

concentrates (WPC) and isolates (WPI). Furthermore, well-established and clean process nature of membrane separation 

processes not only suitable for industrial scale-up but also considerably cost effective [13]. In this study, the literature 

on separation and fractionation of milk and whey proteins were discussed.  It was aimed to give an overview about 

membrane techniques which take part in full fractionation of the milk proteins. 

 

1.1. Properties of whey and milk proteins 

Milk proteins can be categorized into three nitrogen fragments: caseins (αs1-, αs2-, β-, and κ-casein), whey proteins (α-

lactalbumin (α-LA), β-lactoglobulin (β-LG), bovine serum albumin (BSA), immunoglobulins (Ig)) and the nonprotein 

nitrogen (NPN). Caseins, whey proteins and nonprotein nitrogen fractions composed 78%, 17% and 5% of total milk 

proteins, respectively. [14].  These milk proteins show different characteristics with respect to size, structure, physical 

and chemical properties (Table 2). Also, caseins and whey proteins possess distinct chemical and physical features. 

Composition of milk can be modified according to individual properties its components. Therefore, developed filtration 

processes can separate milk with respect to molecular weight of its components (Table 3) [5]. 

Therefore, different approaches including self-healing processes were studied to improve the material properties and 

process. 
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Table 2. Approximate concentration and size distrubution of the milk components [15-18]. 

 

 

 

 

 

 

 

Component  Concentration 

in milk 

(g L-1) 

 Concentration in 

Gouda cheese whey  

(g L-1) 

 Size range 

Water  871  935  - 

Fat globules  40  0.5  0.1-15 µm 

average 3.4 m 

Casein  26  -  20-300 nm, 

average 110 nm 

α s1 -Casein  10  -  23 kDa 

α s2 -Casein  2.6  -  25 kDa 

β -Casein  9.3  -  24 kDa 

κ -Casein  3.3  -  19 kDa 

α -Lactalbumin  1.2  3  14 kDa 

β -Lactoglobulin  3.2  1.2  18 kDa 

Immunoglobulins  0.8 0.7 150-900 kDa 

Serum albumin  0.4 0.4         66 kDa 

Lactoferrin 0.1 0.045        86 kDa 

Transferrin 0.1 -       76 kDa 

Proteose-pepton 0.8 0.6        4-40 kDa 

Lactose 46 47 350 kDa 
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Table 3. Application of membrane separation in dairy industry. 
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2. Membrane Filtration Methods 

2.1. Microfiltration 

MF can selectively provide separation of particles that have MWCO of larger than 200 kDa (Table 1). It is a pressure 

driven system usually working at transmembrane pressure of the order of 1 bar. Pore diameters of MF membranes are 

between 0.05 to 10 µm [7].  

Membranes are manufactured mainly from ceramics and polymers for dairy industry. Most of the MF membranes are 

formed from polymeric materials, but inorganic materials are also widely used: aluminum (Al) oxide, zirconium (Zr) 

oxide, titanium (Ti) oxide, carbon, silica carbide, and various metals such as steel, tin, nickel, etc. [19]. Manufacturing 

of polymeric membranes cost less but they are sensitive to chemicals and high temperatures. Therefore, polymeric 

membranes have limited lifetime [20]. On the other hand, ceramic membranes that have wide range pH stability (0 to 

14) and temperature resistance over 100°C provides remarkable advantages over the polymeric membranes with regard 

to chemical, thermal, and mechanical stability [2]. 

In dairy industry, MF has found many application areas due to various range of pore size. MF is primarily applied for 

the removal of bacteria and spores from skim milk to reduce the bacterial load [21, 22]. Bacteria in milk have size ranges 

between 0.4-2.0 µm [15] and thus pore diameters of 1 to 2 µm MF membranes are used for removal of microorganisms. 

MF membranes having different pore sizes are also used for casein enrichment. Fractionation of milk proteins can be 

done with the help of advanced MF membranes which have pore sizes between 0.05-1.0 µm [23]. MF of milk provides 

retention almost all of the casein in the retentate and passage of a great majority of whey protein into the permeate 

fraction [24, 31]. MF produces a permeate which contains mainly β-LG, α-LA, lactose, minerals, and NPN [25]. Micellar 

casein concentrate is obtained by MF of skim milk to use in manufacturing of cheese or production of milk proteins 

concentrates [24].  

Ceramic membranes having pore size between 0.05 and 0.20 µm can be used to concentrate the casein micelles of skim 

milk. Typically, MF is performed at a temperature of 5-55 °C and pH of 6.0 to 6.8 at a concentration factor of 3-fold to 

6-fold for a period of time ranging from 1-18 hours [24]. In order to decrease fouling rate, high cross-flow velocities are 

needed, often in combination with the uniform TMP [22] which copes with the most of the heterogeneous fouling of the 

MF membranes [15, 22]. Micellar casein concentration can be achieved by applying MF to full fat milk or skimmed 

milk. Then, by using diafiltration (DF) procedures, 90% of casein purification can be done on a total basis [26]. DF is a 

kind of membrane process provides reduction of soluble permeate components by dilution and filtration of retentate 

several times. Thus, concentration of retained component is increased in the retentate [27]. 

In traditional manufacturing of cheese, most of the whey proteins are not retained in the cheese and passes through to 

the whey. However, they undergo denaturation during the cheese making process [28]. However, when the MF retentate 

is used for the production of cheese, whey proteins are separated in native form before the cheese production [24]. MF 

permeate is named as “ideal whey” because of its composition and characteristics. It has sterile composition which 

contains commercially extractable amounts of non-denatured and native state whey proteins. Unlike traditional whey it 

does not involve measurable amount of fat or casein and also glycomacropeptides, rennet or starter culture [24, 29]. For 

this reason, MF permeate can be directly used as a feed to use for separation and purification of whey proteins without 
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any pretreatment [30]. Cross flow microfiltration is a useful method for production of pure α-LA and β-LG rich fractions 

from milk [31]. 

Serum proteins (0.003–0.010 μm) are soluble in milk whereas casein exists as colloidal micelles (0.02–0.40 μm) [32]. 

Therefore, MF separation of skim milk with pore sizes of 0.05-0.1 μm provides retentate with rich of casein and permeate 

with rich of whey proteins. Casein concentrated with MF is a colloidal suspension of micellar casein, a little amount of 

whey proteins, lactose and minerals. Depending on the targeted concentration factor or weight reduction factor, 60 to 

95% (w/w) of whey proteins of skim milk can be passed to the permeate [33]. Native micellar casein and its co-product, 

the WPI, are obtained after the subsequent step of UF of MF milk. They are further processed to fractionate and isolate 

individual caseins and whey proteins [34]. Furthermore, it is necessary to use combinations of membranes in order to 

get highly concentrated or purified protein fractions. Commercial MF membranes are manufactured with specific pore 

sizes. For this reason, using combination of membranes can provide to get different fractions of a single feed. 

The major concern with MF is fouling that causes decreasing rates of permeate flux and membrane selectivity [35]. 

Using MF to concentrate micellar casein cause membrane fouling which decreases permeation of whey proteins [15]. 

In order to decrease fouling, high cross-flow velocity and constant flux methods are commonly used [36]. However, 

these two methods together with cleaning procedures cause high cost and lower productivity. Although there are various 

fouling control methods in literature, it has been reported that back pulsing is a good controller of fouling in MF of skim 

milk [36]. Addition to this, back pulsing provides energy saving by decreasing the cross-flow velocity requirements 

during MF.  Arkell, Vrgoc [37] have used 1.4 µm ceramic membrane in order to MF of skim milk and according to their 

findings, back pulsing method can only be efficient only at lower flux rates. 

Temperature is important for casein concentration in order to maintain milk viscosity at low constant level without 

inducing any reactions [38]. In literature, some of the MF experiments done for the casein concentration are shown at 

the Table 4. Concentration factor is defined as the weight of skim milk (feed) divided by the weight of permeate. In 

order to get higher casein concentrate, some experiments shown below also involves DF step. 

 

Table 4. Concentration of casein with MF from skim milk [29, 31, 39-41]. 

Membrane  

Concentration 

Factor 
 

Retentate Composition 

Total Solid (%)  True Protein (%)  Casein (%) 

0.05 µm ceramic  2.50  12.54  7.27  5.29 

0.10 µm ceramic  2.30  11.14  5.79  5.04 

0.10 µm ceramic  1.26  9.13  3.65  2.88 

0.10 µm ceramic  1.51  9.72  4.23  3.45 

0.10 µm ceramic  1.82  10.37  4.15  4.15 

0.14 µm ceramic  3.02  10.56  8.52  7.45 

0.20 µm ceramic  2.50  10.77  -  4.93 

0.30 µm PVDF  1.50  10.03  4.48  3.68 

0.30 µm PVDF  3.00  14.06  7.71  6.67 

Samuelsson, Dejmek [42] have used 0.14 µm tubular ceramic membrane to filter skim milk in order to get optimum 

parameters for fractionation of casein and whey products. They reported whey protein content decreased in the permeate 
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with low circulation velocities at low temperatures. According to their findings, the retention of whey proteins was 12% 

at 8 m s-1 circulation velocity and at 55°C while it was 39% at 6 m s-1 circulation velocity and at 15°C. In another study, 

Lawrence, Kentish [21] used 0.3 and 0.5 µm polyvinylidene flouride (PVDF) MF membranes in order to filter the milk. 

They found that increase in TMP causes higher rejection of total casein and lower rejection of β-LG. In their experiments, 

permeate flux with 0.3 µm membranes show variation between 6 to 18 L m2 h-1 with 98% casein and 69% β-LG 

retention at 10ºC with 1.5 bar TMP and 0.4 m s-1 tangential flow rate. Also, it has been reported that at a mean TMP of 

137.9 kPa with a cross flow velocity of 5.4 m s-1 at 50°C, 0.05 µm ceramic membrane can retain all the caseins and 

allows only β-LG and α-LA and smaller molecular weight component to pass through [31]. Since casein micelle sizes 

are between 20-200 nm and serum proteins size are between 3-6 nm, this result is possible. According to their results, 

0.05 µm MF membrane is good separator of casein from milk. By using this membrane, all of the casein can be retained 

in the retentate and most of the α-LA and β-LG can be collected in permeate [31].  In similar study, Kuperus, Janakievski 

[43] reported that at higher temperatures, milk viscosity decreases and thus flux rates and whey protein permeation 

increases. However, longer membrane filtration processes at high temperatures such as 50°C, α-LA and β-LG 

permeation capacities are declined due to denaturation of the proteins. 

2.2. Ultrafiltration 

UF can selectively provide separation of macromolecules having molecular weights of 1 to 200 kDa from solvent and 

dissolved solutes which is equal to a nominal pore diameter of 10 to 100 nm [8].  Pressure ranges in UF varies 1 to 15 

bar which is very lower than RO and NF [6]. Due to its advantages like industrial familiarity and ease of scale-up UF 

can be used in different areas in the dairy industry.  

UF membranes can be produced either of polymers or of inorganic materials mainly Al and Ti oxides [19]. Traditionally 

UF used in dairy applications utilizes polysulfone membranes due to their low cost and superior mechanical properties. 

Although it is considered that hydrophobic polysulfone membranes causes lower fluxes with critical fouling degrees 

than ceramic and hydrophilic polysulfone membranes, Doyen, Adriansens [44] showed that almost the same flux and 

whey permeability coefficients are obtained with ceramic and polysulfone membranes during whey processing. 

Fractionation of whey proteins with UF is a complex process due to the fact that parameters affects the protein 

transmission or protein rejection of the membrane. Some of these parameters are flux, TMP, porosity and morphology, 

surface charge and hydrophilicity or hydrophobicity of the membrane etc. [45]. The molecular weights of the main 

serum proteins are very close to each other which are 14 kDa and 18 kDa and thus purification of these proteins with 

UF becomes difficult. Besides, since the isolelectric points of these proteins are also very close to each other (4.5-4.8 

for α-LA and 5.2 for β-LG), efficient separation could not be achieved by using of electrostatic interactions between the 

membrane and the proteins [46]. Therefore, protein fractionation by UF has some technical challenges in order to 

separate similar size components. It is possible to increase selectivity of UF membranes by adjusting the solution pH, 

salt concentration or system hydrodynamics. However, it should not be forgotten that while trying to obtain high 

selectivity, membrane fouling has to be keep in minimum amount in order to have successful fractionation of serum 

proteins [45]. Fouling affects membrane performance adversely that causes to decrease in membrane life and also 

increase in cleaning costs.  

The permeate of MF skim milk can be further performed by UF to obtain high class WPC. For example, UF of this 

permeate provides a WPC which has 77% protein (dry base) and by means of DF this value can be increased to over 
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90% to obtain WPI [34, 47]. The WPC and WPI can be further processed to obtain lactoferrin, β-LG and α-LA by using 

ion-exchange chromatography. Also, it is possible to separate these serum proteins by applying UF to the MF permeate 

at 50°C. In this way, β-LG will be retained in the retentate but α-LA will pass in the permeate [24, 48, 49]. 

Atra, Vatai [50] used polyvinyl-difluoride and polyethersulfone UF membranes in order to concentrate serum proteins 

and they reported that at 50°C, 92-98% protein rejection was reached while the flux was 30 L m-2 h at approximately at 

3 bar. On the other hand, Baldasso, Barros [51] used 10 kDa polyethersulfone membrane in order to perform UF of whey 

followed by DF at 50 °C and TMP of 2 bar with a feed flow rate of 840 L h-1. They achieved 71% of total protein 

purification by weight (dry basis). Moreover, Holland, Kackmar [52] used 100 kDa UF membrane to fractionate α-LA 

from skim milk. According to their results, the recovery of α-LA in the permeate was only 10% and the enrichment of 

retentate with β-LG was not achieved. However, Arunkumar and Etzel [53] used 300 kDa charged regenerated cellulose 

UF membrane to fractionate α-LA and β-LG from milk-serum permeate and they achieved 180% greater selectivity than 

uncharged membranes. Moreover, they managed to purify α-LA to 87% and β-LG to 83%. These results shows that 

separation of milk proteins was influenced from surface morphology and internal structure of the membranes. In charged 

UF membranes phenomena such as electrostatic interactions and Donnan effects can occur and thus these can affect the 

separation mechanisms [5]. Also, it is clear that these studies show that UF membranes associated with DF can be used 

not only to concentrate serum proteins but also to fractionate milk and whey proteins. 

2.3. Intrinsic Self-Healing 

Separation of solvent, monovalent salts, small organics from diavelent ions and larger species can be performed by NF 

process. In dairy industry, NF is widely used to concentrate and partially demineralize whey solution since 

demineralization increases the nutritional value of the products. NF is an alternative to other methods (evaporation, 

electrodialysis) for partial demineralization of whey for energy-saving, high-quality and protein-rich products meant for 

nutritional use as it reduces the processing costs as well. NF membranes have MWCO from 0.3-1 kDa with pore sizes 

between 1 and 10 nm and the operating pressure is in the region of 20-30 bar [9]. Actually, NF is a process between UF 

and RO with respect to MWCO and permeability [7]. The size and length of pores, material and charge of membrane, 

viscosity, pH, ionic strength, ion valency and salt composition are the major characteristics of membrane and feed that 

affect separation processes importantly [54].  Also, the selectivity of NF membrane is important feature for separating 

lactose from lower molecular weight/ionic species since major amount of monovalent ions, organic acids, and a little 

amount of lactose can pass through the membrane [55]. Moreover, NF membranes have negative charge at their surfaces 

[9], thus charge interaction plays a dominant role, which means that the separation mechanisms of NF membranes consist 

of steric and electrical effects [56].  

During the NF of milk/whey, small molecules are removed along with water whereas larger molecules (lactose, protein 

and fat) are retained. NF provides concurrently separation and concentration of minerals [50]. Lactose or demineralized 

whey production was obtained by partial removal of acid and mineral from acid and sweet whey, respectively [9]. 

Nowadays, technologically developed NF membranes can be used concentrate liquid WPC and WPI before entering 

spray drying process, thus crucial amount of energy saving in drying processes are performed [7]. 

UF and MF permeates are concentrated or demineralized by using NF [2]. It is desirable for manufacturing lactose or 

lactose derivatives from the permeates of UF operations. According to a study 90% of lactose yield achieved by using 

polyamide membrane which has MWCO of 400 Da at proper operating conditions [50]. In another study, Lipnizki [4] 
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stated that by using NF mineral content of whey can be decreased about 35% and this value of mineral reduction is 

possible to get increased up to 45% by using DF step. Furthermore, approximately 35% demineralization was achieved 

while concentrating total solid to 20-22% by using thin film composite membranes [55]. However, Pan, Song [57] 

indicated that approximately 72% of ash removal is acquired through the DF step at their study.  Also, they pointed out 

that at different pH of feeds the degree of demineralization changes. They obtained best demineralization pH as 4.60 

which is the isoelectric point of whey proteins. 

NF also can be used for fractionating of whey peptides. Depends on the MWCO of the UF membranes, UF permeate 

may contain lactose, salts, peptides, amino acids and non-protein nitrogen. NF is a proper membrane process for 

separation or fractionation of these peptides due to the suitable MWCO of the membranes and the electrochemical effects 

[58]. According to a study which reported that polypeptide separation can be achieved from lactose, UF permeate was 

passed through to 1 kDa polyether sulfone NF membrane at pH values 9.5 and 3.0. Results of this study indicates that 

selectivity of the NF membranes toward peptides with respect to lactose was 0.82 and 6.81 at pH 9.5 and 3.0, 

respectively. Therefore, researchers concluded that the purification of peptides was mainly affected by the fouling layer 

structure at acidic pH and by low flux value [59]. Moreover, Nguyen, Reynolds [60] pointed out the potential of applying 

NF on other by-product streams to concentrate protein and lactose in order to reduce treatment cost and recover more 

daily solids. 

2.4. Reverse Osmosis 

RO provides selectively separation of molecules having molecular weight of approximately 0.1 kDa with pressure 

between 10-50 bar which is 5–10 times higher than the pressure occurred in UF [9]. 

The separation by RO is achieved with pressure driven diffusion process, not by the size of the solute unlike UF. Also, 

RO membranes are consisting of an ultra-thin nonporous skin layer and singular configured films made from synthetic 

organic polymers. RO is commonly used for concentration of milk or whey by removing of water and ionized minerals. 

The dairy residual can be concentrated by RO and NF membranes at low temperatures. The osmotic pressure of skim 

milk or whey is about 0.7 MPa during RO. However, it is observed that in order to concentrate milk or whey to 25% 

(w/w) dry matter by RO, increase in osmotic pressure is required up to 2.7–3.5 MPa [47]. Increasing osmotic pressure 

has a limiting effect on permeate flux and retentate concentration. Transport of components occurs by diffusion through 

the thin layer of the semipermeable membrane. The rate of transportation is affected by the solubility and diffusivity of 

the component in the membrane [47]. 

The main application area of RO is the pre-concentration of whey due to low energy consumption (9 kWh) in comparison 

with vacuum evaporation (9 to 150 kWh) [34]. Limit of concentration of whey is up to 18–27% dry matter since after 

this point filtration performance affects negatively by the reason of the increase in osmotic pressure and viscosity of 

retentate along with the crystallization of lactose and precipitation of calcium phosphate. The high salt content also 

causes some problems during process such as slow lactose crystallization rate and nutritional imbalance in human food. 

Therefore, demineralizing is an important step before evaporation and drying to achieve higher productivity [34]. 
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3. Conclusion 

In this review, we deal with the current applications of membrane technology used for separating or fractionating milk 

and whey proteins. Membrane separations can be recognized as a valid choice to conventional techniques or as a novel 

food processing technique since it is considered as green technology. There is a widespread implementations of 

membrane techniques in several fields including dairy industry as well. The fractionation techniques like membrane 

filtration is the best possible way to use milk components for human nutrition since it has many advantages such as, 

reduced energy consumption, less processing steps, more efficient separation, enhanced final product quality and being 

environmentally friendly. Moreover, it is important to understand the effects of membrane processing conditions on the 

separation and fractionation of casein and whey proteins from milk for developing innovative process to obtain highly 

functional whey proteins. Whey and milk components have a sustainable market future since they have a wide range of 

application area in food industry as additives in bakery, dairy products, meats, and beverages. However, their usage area 

is limited because the functionality of these products are not consistent in food industry. For this reason, there has been 

significant commercial interest in the production of milk and individual whey proteins with recognizable functional and 

nutritional properties. Recent improvements in membrane processing provides new exciting and economically 

convenient opportunities to obtain high-quality products with low energy consumption and low cost, meant for both 

functional and nutritional use. Therefore, membrane filtration technology should concentrate more on these new 

opportunities in order to obtain milk proteins with desired nutritional and functional level. 
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