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Plant-based proteins are gaining popularity because of their appeal to vegetarians and vegans, alignment with
scientific and regulatory recommendations, and the environmental impact associated with livestock production.
Several techniques are employed for the separation, isolation, and purification of plant-based proteins including
membrane-based separation, diafiltration, centrifugation, chromatography, electrophoresis, micellar precipitation,

and isoelectric precipitation.

membrane technology faba bean isolate protein purification

| 1. Introduction

It has been proven that proteins play a vital role in the growth and development of the body and are essential for a
healthy lifestyle. Increasing awareness about the importance of high-quality proteins in the diet has led researchers
and nutritionists to seek environmentally friendly and sustainable protein sources. Proteins are found in both
animals and plants. However, there are a number of issues associated with animal protein, including cost, supply,
direct environmental impact, biodiversity loss, and even human health issues. In addition, there has been a growth
in the population of vegetarians, vegans, and people who have difficulty relying on animal proteins LIZIEI4IBE] |
terms of environmental impact, a significant amount of greenhouse gas emissions (GHG) is attributable to the
modern food system, which constitutes 21 to 37% of total greenhouse gas emissions. According to GHG life cycle
assessments, livestock production accounts for 18% of anthropogenic greenhouse gas emissions €. In this regard,
a wide range of plant-based proteins are increasingly being utilized in human diets as economical and versatile
substitutes for animal proteins. Alternative dairy and meat products made from plant-derived proteins can meet the
same nutritional needs at considerably good prices while preserving forests and reducing greenhouse gas
emissions 7. In addition to their anti-diabetic properties, plant proteins are low in calories and fat, and have a high

level of antioxidant activity, essential amino acids, minerals, and vitamins &,

Industrial-scale production and commercialization of plant-derived proteins have become commonplace, such that
they are widely used in edible products including food supplements, edible coatings, food stabilizers, bioactive
peptides (BAPs), and hydrogels L. | egumes, soy proteins, lentils, and cereals are the most common plant-based
protein sources. Proteins can be isolated and purified using a wide range of approaches, determined by their

physicochemical properties and the biological characteristics of their sources.
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A growing market for plant-based proteins has led to many studies on legumes, including faba beans. Faba beans
are the third most popular legume after soy and peas and like other legumes, they provide a high amount of lysine-
rich protein. In addition to its essential nutrients, the faba bean is one of the most affordable protein sources in
developing countries B2 Although faba beans are becoming increasingly popular as a source of protein, some
of their low functional properties and antinutritional compounds such as pyrimidine glycosides (vicine and
convicine), condensed tannins, and protease inhibitors limit their use. Thus, various processing methods would be
required to remove or degrade antinutritional compounds from faba beans in order to improve their features and

ensure their safety for consumption [12[131[14](15]

Protein purification takes place to achieve high purity standards, concentration enrichment, inhibition of undesired
catalysis, meet product specifications, improve protein stability, and minimize protein denaturation. There are a
number of methods that can be utilized to purify proteins, including membrane-based separation, diafiltration,
centrifugation, chromatography, electrophoresis, micellar precipitation, and isoelectric precipitation [LI16][17I[18]{19]
Although these techniques have been used for protein purification for years, they still have some limitations, such
as: scale-up challenges, high solvent consumption, chemical/biological disposal, low purity, and potential loss of

proteins due to precipitation or elution [221211122],

Membrane technology has been proven to be one of the most sustainable and cost-effective approaches for
protein purification/recovery 22, The use of membrane-based processes has gained growing attention in recent
years owing to their ability to separate and purify proteins based on their size and charge. It has been found that
pressure-driven processes such as microfiltration (MF), ultrafiltration (UF), and nanofiltration (NF) are the most
promising techniques among the membrane-based separation processes [241231[261271[281129]  \jembrane filtration
possesses beneficial features such as its ability to work at mild operational conditions (low temperature and
pressure) without phase changes, bioactivity preservation, molecular separation, high separation efficiency, low
footprint and chemical consumption, high protein recovery yield, and easy scale-up, which make it suitable for a
broad range of applications B9[31132],

| 2. Faba Bean Protein Isolate

Faba bean isolate refers to a protein extracted from faba beans, which is used as an ingredient in various food
products. The goal of using plant-based protein isolates in food products is to create more sustainable and
environmentally friendly food choices by reducing reliance on animal protein sources 28l Faba bean isolate
consists of approximately 80-95% crude protein 24 and has two main protein fractions: globulin and albumin. The
globulin fraction is composed of vicilin and legumin, and the faba bean protein isolate consists of this fraction 32,
Multari et al. reports that the production of protein isolates and concentrates can significantly improve the nutritive
value of legumes B8 and the protein structure plays a very important role in its functional properties. Various
chemical, enzymatic, and physical treatments can be used to modify protein structures and tailor protein isolates to

specific applications 32,
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Because the composition of faba beans includes antinutritional components, the production of the protein isolate is
a promising approach to produce high-quality functional nutritional foods and supplements free of favism-inducing
components 87 However, the manufacturing process, that is, the method and conditions of isolation, is a
determinant factor on the composition and functional properties of the protein isolate, such as solubility, foam

expansion, gelation capacity, emulsifying capacity, and others 28],

According to GEA, protein isolate manufacturing consists of three main processes: extraction, purification, and
drying, as shown in Figure 1. For the first step, the alkaline condition promotes the dissolution of protein fractions
in the aqueous extract, yielding a vegetable isolate with a protein content of 80% [8l. However, various techniques
can be used besides alkaline extraction, and different extraction techniques can vyield different properties.
Afterwards, by using an appropriate technique such as decantation or isoelectric precipitation, the aqueous extract
can be separated from other solids. The proteins that are dissolved in water can be precipitated and separated.
Further dilution, pH adjustments, thermal treatment, and finally drying are necessary to obtain the protein isolate

powder [38],
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Figure 1. Example of protein isolate process.

Figure 2 shows the protein isolate process based on alkaline extraction used by Vioque et al. 7. According to the
authors 7l the process yielded 92% protein isolate with a high oil absorption capacity; favism-inducing
components were almost completely eliminated. Furthermore, by-products presented a great potential use in the

food industry.
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Figure 2. Production process for Vicia faba protein isolates.

Martinez-Velasco et al. investigated the effect of high-intensity ultrasound treatment of faba bean proteins.
Physicochemical and surface properties were analysed, as well as foaming ability, stability, morphology, bubble
size, and rheology foams. Lower interfacial tension, zeta potential and viscosity, and higher solubility were
observed. Furthermore, the structure and relative digestibility of the faba bean protein isolate were studied.
According to the response surface methodology, an optimized faba bean protein isolate was obtained under

amplitude of 72.7% for 17.3 min 22,

3. Membrane Technology for Purification of Plant-Based
Protein Isolate
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Following the enrichment procedure, proteins need to be purified. There has been an increasing implementation of
membrane technologies in the industrial processing of food products/by-products. Membrane separation processes
have been adopted as purification/concentration procedures in the production of plant-based proteins and protein
nanofibrils due to their selective separation, simple operational conditions, and easy automation 49[41142]43] The
difference between protein isolates and concentrates is the protein content in each one. Protein isolates should
have at least 70% of protein content and protein concentrates at least 90% of protein content, both on a dry basis
(441 Moreover, membrane separation can provide specific benefits for the purification of different plant-based

proteins, including preserved protein properties, low recovery cost, and high recovery yields and purity [21441145][46]
471,

3.1. Advantages of Membrane-Based Separation in Plant-Based Protein Purification

In the realm of plant-based protein purification, membrane-based separation offers a number of distinct advantages
over other methods. Membrane-based separation has been proven to be a viable technique for large-scale
production in industrial applications 8. Membrane filtration can be used for the separation/purification of soluble
proteins, based on their size, through a pressure-driven process (microfiltration (MF), ultrafiltration (UF) and
nanofiltration (NF)) without altering their structure (preserving their functional and nutritional properties) 32491501
B, Ultrafiltration (mean pore size of 1-100 nm) is the most effective process to purify/isolate proteins and other
macromolecules, while microfiltration is ideal for separating fine particles sized 0.1-10.0 um 24, Nanofiltration
(mean pore size of 0.2—2 nm) can also be employed in the separation/purification of the smaller proteins and some
types of peptides/amino acids. Wang et al. 22 employed UF and NF processes for the purification of glutathione
after extraction. According to their findings, the combination of UF and NF processes showed promising results for
the concentration/purification of glutathione from yeast extracts. UF was used first to concentrate glutathione in the
permeate stream (larger particles were separated). Subsequently, the NF process was applied to the glutathione-

rich solution obtained from the UF permeate to purify glutathione.

The efficacy of protein hydrolysates can be enhanced through the use of UF. The application of appropriate UF
membranes would produce highly purified, food-grade proteins with a desired molecular size 53, The functional
properties of faba bean protein isolates were found to be inadequate for use in food applications owing to their low
solubility. In this regard, Eckert et al. 4 aimed to enhance the solubility and functional properties of faba bean
proteins through the application of the UF technique following enzymatic hydrolysis. UF membranes with two
different molecular weight cut-offs of 10 and 5 kDa have been used for the fractionation of faba bean hydrolysates.
According to their results, the use of ultrafiltration resulted in enhanced foaming and oil holding capacity, as well as
significantly improved emulsifying capacity. Therefore, it was deduced that ultrafiltration following enzymatic
hydrolysis is a viable approach for markedly enhancing the solubility and functional characteristics of faba bean
proteins. The protein composition of faba beans reveals that a significant portion, ranging from 69 to 78% of the
storage proteins, is comprised of salt-soluble globulins, which are primarily located in the membrane-bound protein
bodies. In order to produce clean-label proteins that are low in salt or free of added salt, filtration techniques such
as dialysis, ultrafiltration, or diafiltration could be employed over wet processing, which can denature proteins

through heat and pH changes (345356 Membrane-based separation presents a promising alternative to the
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conventional acid-leaching process for protein separation and isolation. This approach involves the use of a variety
of membranes that selectively separate and extract components based on their molecular sizes 8. As reported by
Vose B, ultrafiltration was utilized to isolate protein from faba beans, and it resulted in a protein yield of 94%
(w/w). The protein obtained from this process exhibited comparable foaming and emulsifying properties to those
obtained from isoelectric precipitation, which yields 91% (w/w) of proteins. In another study by Jeganathan et al.
(58] ultrafiltration and dialysis were employed to isolate faba bean proteins without using alkali/acid and thermal
treatments (clean-label proteins). The results demonstrated that protein isolates obtained using a cellulose
membrane with a molecular weight cut-off of 6—8 kDa, following water extraction, at 35 °C and a solvent/feed (S/F)
ratio of two, had a higher protein yield, recovery rate, and protein content, as compared to the protein concentrates
that have been produced through alkali extraction followed by acid precipitation. However, due to the impracticality
of performing large-scale dialysis for the extraction, ultrafiltration (Nuetch filter, LJ Star W.T. Maye) was used as a
substitute. High-tannin faba bean dehulled flour was subjected to water extraction at a S/F ratio of three, followed
by ultrafiltration and spray drying, which yielded a protein fraction of 16.46 + 0.12% with a purity of 82.80 + 0.03%
and recovery rate of 40.08 + 0.28%.

3.2. Diverse Applications of Ultrafiltration in Protein Processing

One specific membrane technology that has gained significant prominence in protein processing is ultrafiltration. Its
diverse applications extend across various facets of protein purification and processing, offering unique
advantages for different protein sources and end products. Aside from in faba bean isolation, ultrafiltration was
used in a study on protein enrichment from ryegrass and alfalfa, and it was compared to coagulation/centrifugation.
Despite the fact that crude protein yields were almost identical between these methods, ultrafiltration resulted in a
higher protein solubility and 14% higher crude protein recovery B2, In another study, Vishwanathan et al. assessed
the ability of MF and UF membranes of various pore sizes/MWCO to eliminate non-protein substances from okara
—a by-product of the soymilk production—and soy protein extract 44l Figure 3 shows the lab-scale procedure
utilized in the study. The system consisted of a cross-flow flat sheet membrane operated in batch mode. The
results obtained by Vishwanathan et al. indicated that both MF and UF are feasible processes for the
purification/concentration of okara and soy protein concentrates. The protein content in okara extract increased by
approximately 13% for both processes, reaching about 80%. Soy extract presented better protein content
improvement, reaching 85%. All membranes tested had a similar performance, but the larger pore size offered
reduced processing time as the result of a higher average flux. Overall, the study indicated that membrane
technology can be successfully applied to produce protein concentrates without compromising protein properties
and adding value to underutilized products such as okara 4. In another study, a UF membrane was used in the
purification of Lupin proteins following liquid/solid extraction at various pH levels by Albe-Slabi et al. 82, The protein
retention rate and permeate flux were measured using an Akta Flux®6 system coupled with a hollow fiber cartridge
with different molecular weight cut-offs (MWCO) (10, 30, 100, and 300 kDa). The UF membrane with MWCO of 10
kDa retained proteins completely with a flux of 0.09 mL/min-cm?. It has also been reported that even 300 kDa
MWCO results in 97% protein retention (flux of 0.11 mL/min-cm?). After washing with five diafiltration volumes (DV)

using ultrapure water, the rejected proteins were collected and freeze-dried.
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Figure 3. Scheme for processing of SPC/OPC using membrane technology.

Soybeans have played an important role in the human diet as a rich source of protein; and its functional forms such
as flours, isolates, and concentrates became very popular. Traditionally, the proteins from the soybean were
extracted using defatted flour with acid or alcohol, followed by a separation process such as centrifugation or
filtration (48], Kumar et al. adopted a membrane separation process to produce soybean protein concentrates as
shown in Figure 4. Using a polyvinylidene difluoride membrane (18 kDa), ultrafiltration (UF) was conducted in
batch mode while diafiltration (DF) was operated continuously. According to the study, UF presented higher yields
than conventional processes but still presented limitations. The retention of salts in the retentate, high viscosity,
and higher solids losses in the permeate at high concentration factors limited the protein level to 60-70%. To
overcome these limitations, UF was combined with DF, and optimum results were obtained with the following
configuration: UF-DF-UF. A higher protein content was obtained (90%), while sugars were almost completely

removed “43],
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Figure 4. Schematic of ultrafiltration process for soy protein concentrates. UF, ultrafiltration concentration; DF,

diafiltration.

Mondor et al. investigated the impact of four different sequences of UF and DF to purify soy protein extract with pH
6. The pH 6 extract was obtained via electro-acidification and the filtration was performed using a polysulfone
hollow fibre membrane. The study concluded that the UF/DF sequence had a significant impact on membrane
fouling, permeate flux, and protein concentrate properties such as ash and phytic acid content and solubility. Also,
the most effective process which yielded a higher protein content was the one in which DF was performed
continuously with a more concentrated solution. However, it was also the one more severely affected by membrane
fouling 48] Hernandez-Marin et al. 1 used a combination of ultrafiltration and diafiltration (5 kDa membranes) for
the purification of Huauzontle seed protein after alkaline extraction. The protein isolation/purification process was
completed successfully with about 66% purity for precipitated protein isolate (SPI). To improve purity, they repeated
the process with a 10 kDa membrane. A membrane with larger pore sizes was used to separate compounds with
higher molecular weights and allow the transport of all proteins to the permeate, resulting in a 78% SPI purity.
Taherian et al. compared properties of commercial and membrane-processed pea protein isolates from yellow
peas. Four pea protein isolates were obtained using KCI extraction followed by UF and DF. The level of phytic acid
was reduced in the range of 28-68% and functional properties were enhanced 62 UF and DF following alkaline
extraction have also been used in the production of protein isolates from Camelina sativa, as reported by Sarv et
al., yielding a protein content of 67% in the protein isolate [63] Boye et al. compared the functional properties of the
protein concentrate from pea, chickpea, and lentil using UF/DF and isoelectric precipitation [64] Figure 5
summarizes the process used in the study to obtain the protein extracts. The membrane separation process
yielded products with a higher protein content (69.1-88.6%, w/w) compared to isoelectric precipitation (63.9—
81.7%, wiw), and all concentrates presented good functional properties (in terms of solubility, water holding

capacity, emulsifying properties, and foam stability) with expected variability among different legumes [64]
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Figure 5. Schematic of the process used for the pilot scale production of the pulse protein concentrates.

Membrane dialysis has also been used in protein purification to improve separation efficiency and yield. In a study
on protein extraction from soybean, Khan et al. 3 used membrane dialysis to remove the salt from the trypsin
inhibitor protein extract. The supernatant from protein extraction was subjected to centrifugation followed by
ammonium sulfate precipitation. Membrane dialysis was then used to successfully purify the centrifuged pellets.
Hansen et al. €8 also used dialysis for pea protein purification following alkaline solubilization, isoelectric

precipitation, and salt solubilization. The results (protein purity, yield, and ash content) were compared with those
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obtained from purification via ultrafiltration and the combination of dialysis and ultrafiltration (Vivaflow® membrane
with 3 kDa). It was found that ultrafiltration did not completely remove salt from the proteinaceous supernatant,
leaving a low protein purity and high ash content. In contrast, dialysis increased the protein purity and decreased
the ash content (still noticeable). The most favorable results were obtained from the combination of UF and

dialysis, such that protein purity, yield, and ash content reached 92.8%, 72%, and 1.56%, respectively.

Plant-based peptides (short chains of amino acids €7y have been widely used in the food, pharmaceutical, and
cosmetic industries B8IEATA Membrane technology has made it possible to fractionate/isolate peptides from
complex feedstocks based on their electric charge, size, or molecular weight 12 According to Nuchprapha et al.
73l yltrafiltration membranes with 3, 5, and 10 kDa molecular weight cut-offs were employed sequentially to
separate the peptides from protein hydrolysates (from longan seeds). Peptides with four different ranges of
molecular weight cut-offs were separated (>10 kDa, 5-10 kDa, 3-5 kDa, and <3 kDa). According to their research,
ultrafiltration improved the purification efficiency of small peptides which also had the most angiotensin-converting
enzyme inhibition (ACEI) activity (ACEI helps in controlling hypertension and promoting cardio protection). The
combination of electrodialysis with ultrafiltration membranes (EDUF) proved to be an effective method to
fractionate peptide mixtures with charged solutes that have a similar molecular weight. This method has been
employed in several studies for bioactive peptide separation ZABIZEITIE | EDUF, electrodialysis and
electrophoresis principles are combined using ultrafiltration membranes, which serve as a molecular barrier and
separate the components by the electric potential difference 4. Firdaous et al. /2 employed EDUF for the
separation of bioactive peptides from a plant-based (alfalfa) protein hydrolysate. It has been reported that EDUF
was able to overcome some of the fouling issues associated with conventional pressure-driven processes and also
separate/concentrate charged peptides simultaneously at a transport rate of up to 7.3 g/m%h. More recently,
Gonzélez-Mufioz et al. B9 used EDUF for the separation of peptides from quinoa. The results showed no
significant fouling development, and peptide fractionation from quinoa hydrolysate was proven successful as an
antihypertensive and antidiabetic food alternative. In another study conducted by Doyen et al. 1l it was reported
that using ultrafiltration facilitated the separation of peptides with lower molecular weights (300-500 Da).
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