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Definition
Membrane technologies can be used in the dairy industry for many applications, such as milk
clariﬁcation or fractioning and a concentration increase in speciﬁc components or the separation of
them, since they cover a huge range of pore sizes (from 0 to 2 μm) and MWCOs (from 1 to 100,000
Da). For instance, MF can be used for fat globule (10 μm) fractionation as well as bacteria and spore
(1 μm) removal. UF can be used for casein micelles (100 nm) or serum protein (10 nm) separation,
whereas NF and RO can be used for lactose (1 nm), salt (0.1 nm) and water recovery.

1. Introduction
One of the key processing tools in agro-food industries for the treatment of food products, as well as byproducts or agro-food waste, is membrane technology

[1][2][3][4][5].

In addition, the global market of

membranes for food and beverage processing is estimated to achieve around USD 8.26 billion by 2024,
an increase of 6.8% of the compound annual growth rate (CAGR) over the forecast period (2019–2024)
[6].

Among them, the pressure-driven membrane processes, such as micro- (MF), ultra- (UF) and nano-

(NF) ﬁltration and reverse osmosis (RO), have been applied in agro-food industries to treat raw material
streams and by-products

[7][8][9][10][11][12].

The driving force of these membrane processes is the

transmembrane pressure (TMP). Additionally, the key component in the membrane separation processes
is the molecular weight cut-oﬀ (MWCO, usually expressed in Da)

[7].

For that, pressure-driven membrane

processes can be characterized according to these two parameters (TMP and MWCO)

[8].

In this sense, MF

requires > 100,000 Da and 0.1–2 bar; UF utilizes 1000–100,000 Da and 2–10 bar; NF uses 100–1000 Da
and 5–40 bar; and RO needs 1–100 Da and 30–100 bar

[13][14].

The largest share of the membrane market is for UF systems, accounting for 35% of the market, followed
by MF processes (33%) and, lastly, NF/RO systems (30%). Otherwise, other ﬁltration systems and
membrane processes, such as electrodialysis (ED), pervaporation (PV) and membrane liquid contactors
(MLCs), have only a small market share

[15].

Compared to conventional methods, membrane technologies oﬀer several advantages, including
operation at a low temperature, the absence of phase transition, high separation eﬃciency, high
productivity in terms of permeate ﬂuxes, low energy consumption, simple equipment, simple operation
and easy scale-up

[7][15][16].

However, the bottleneck of membrane ﬁltration is membrane fouling and

concentration polarization phenomena, which cause a reduction in the ﬂux and, consequently, process
productivity losses over time

[17].

The use of regular cleaning steps can minimize these phenomena [15].

Regarding the dairy industry, MF can be used as a pretreatment to remove both bacteria and fat, as well
as to fractionate milk products. UF can be applied as a standardization process of milk; however, the
breakthrough use of UF was to convert milk whey into reﬁned proteins for commercial use. ED, with
bipolar membranes (named EDBM), can be used to alkalinize acid whey
demineralization

[19]

[18].

NF can be utilized for whey

and RO for concentration steps.

2. Market role of Membrane Technologies in Dairy Industry
Milk products have high nutritive value, and, for this reason, they are more regularly included in daily
dietary routines. This fact is driving the market size.

A change in demographic shifts and dietary patterns (e.g., taste, health needs and/or nutritive value) has
led to a high consumption of yogurt, cheese and cream, boosting product demand and acting as a major
driving factor for market growth. Shifting trends toward balancing nutrition with ﬂavor and a variety of
products may act as a major contributing factor toward industry growth. Therefore, the continuously
increasing consumption and production of dairy products coupled with a rise in the deployment of
production automation processes have also been identiﬁed to boost market demand. Indeed, technology
innovation, an increase in the production of dairy products in various countries (such as the Netherlands,
Germany, India, and Australia) and the rising consumption of processed milk products have been
identiﬁed to boost market expectations over the forecast period. Moreover, automation in dairy
processing favors the industry’s growth since it reduces contamination and cost while increasing
eﬃciency, meeting the required quality standards

[20][21]

.

In fact, the global dairy processing equipment market size was around EUR 7285 million in 2016
the global world milk and milk product market in 2017 was around 835 million tons

[21]

[20],

and

. Moreover, in

2016, the USA market was valued at EUR 650 million, and it is predicted to grow at a CAGR of 6.1% (from
2017 to 2025). Therefore, it seems that processed milk product consumption is increasing while its
production is decreasing, which is due to the reduction in the number of cows. Therefore, one of the major
changes has been the increase in milk consumption per capita.
Moreover, as mentioned throughout the manuscript, membrane ﬁltration techniques can be used for
several purposes, such as processed milk concentration (e.g., before transportation) or protein
concentration, solid particle separation, fat fractioning, spore and bacteria removal and lactose recovery.
For instance, it is possible to reduce the carbohydrate content in milk, as well as remove bacteria during
the process of production.

3. Bibliometric
Industry

Evolution

of

Membrane

Technologies

in

Dairy

A bibliometric analysis of scientiﬁc publications, based on the Scopus database, was performed to identify
the global research trends regarding membrane technology applications in the dairy industry during the
time from 1980 to 2021. This analysis could improve our understanding of the most popular membrane
applications in this ﬁeld and provide a comparison of the membrane market view. The distribution of
annual publications and the evolution of the number of accumulated articles containing the words “dairy”
and “membrane” in the title, abstract or keywords are depicted in Figure 1 a.

Figure 1. (a) Number of publications regarding “dairy” and “membrane” per year; (b) number of
publications (from 1980 to 2021) regarding “dairy” and “membrane” per country; and (c) number of
publications regarding “dairy” and “UF or MF or NF or RO or diaﬁltration” per year, from the Scopus
database

[22].

As can be seen in Figure 1 a, the trend increases over the years from 26 articles (1980) up to 218
articles, which are the maximum published articles in a year (accomplished during 2019 and also during
2020). This trend conﬁrms that membrane technologies are on the rise in dairy industries, and the
integration of them into conventional processes could be a sustainable option for dairy processing,
following a circular economy scheme for product valorization and waste minimization.
Finally, Figure 1 c was plotted to understand the evolution of the number of publications considering
several membrane technologies, such as MF, UF, NF, RO and diaﬁltration, in dairy industries from 1970 to
2021. As reported in Figure 1 c, diaﬁltration is the membrane technology with the lowest number of
publications in the dairy ﬁeld (maximum of 9 articles in 2018), followed by NF (a maximum of 18
publications during 2018) and RO (2015 was the year with the most publications, up to 21). MF and UF are
the most researched membrane technologies in relation to the dairy industry: a maximum of 36
publications were published in 2020 for MF and dairy, while 42 articles on UF and dairy were published
during 2018. Therefore, the research on membrane technology, especially on the most popular
techniques, such as MF and UF, must be considered as a very relevant issue within the global
investigation regarding chemical engineering processes in the dairy industry.
Therefore, research investment in the dairy industry is in concordance with the membrane technology
market in this industry, aforementioned in Section 3 . For instance, it is possible to conclude that UF is the
most widely used process in the dairy industry as well as the most researched technology (with the
highest number of publications). On the other hand, it can also be seen that the USA is the largest
producer in the dairy industry, as well as the country with the highest scientiﬁc productivity.

4. Membrane Technology Processes in Dairy Industry
Therefore, MF can be used for bacteria and spore removal to be able to produce other dairy products,

since there are many applications in the dairy industry for bacteria-free milk, such as cheese production.
In this case, low-bacteria milk improves cheese quality, removing its oﬀ-ﬂavors. Moreover, in the
production of whey protein concentrates and isolates, bacteria removal by MF increases the quality of the
product and keeps the heat treatment to a minimum, which better preserves the functional properties of
the whey proteins

[15][23]

.

Indeed, two whey protein products can be mainly obtained in the dairy industry: whey protein concentrate
(WPC), which is a concentrated protein solution (80%), and whey protein isolate (WPI), which can be
produced by the separation of lactose and sugar from the whey protein concentrate. Kowalik-Klimczak

[24]

proposed the integration of UF and MF technology for cheesemaking treatment in order to produce whey
proteins. UF was carried out to make cheese, obtaining whey protein concentrates (WPCs) as retentate.
Moreover, if the retentate solution from UF was treated by MF, it was possible to obtain whey protein
isolates (WPIs) as permeate (see Figure 2 ).

Figure 2. WPC and WPI production from cheesemaking by integration of UF and MF (adapted from [24]).
Moreover, it is possible to obtain inhibitors of diﬀerent bacteria by treating the UF permeate of whey
protein tryptic hydrolysate by NF. Furthermore, the retentate stream, rich in peptides, from the tryptic
hydrolysate of whey protein can be valorized as a natural bio-preservative

[25]

.

To summarize, the integrated scheme with membrane technologies for milk and cheese production would
improve the quality and texture of milk and cheese, and also, the whole process would be optimized,
recovering added-value by-products, such as whey proteins, lactose and casein.
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