Current Food Science and Technology Reports (2023) 1:91-98
https://doi.org/10.1007/s43555-023-00009-1

=

Check for
updates

Dry Fractionation of Plant-Based Proteins for Better Meat Analogue
Applications

Andreas Hopf'® - Fariba Dehghani'® - Roman Buckow'

Accepted: 1 November 2023 / Published online: 1 December 2023
© The Author(s) 2023

Abstract

Purpose of Review With the increasing global demand for protein, there is a critical need to make nutritious and cost-effective
protein from alternative sources widely accessible. Dry fractionation emerges as a promising technology for producing
sustainable, protein-rich raw materials from plants such as pulses. This paper offers an overview of recent advancements in
the extrusion of dry-fractionated plant proteins (DFPPs) for applications in meat analogues.

Recent Findings Fibrous meat analogues can be produced from plant-based proteins through both high- and low-moisture
extrusion processes. Dry-fractionated pulse proteins, which are products with high protein content (exceeding 70%), can be
utilised either independently or blended with protein isolates or other ingredients. However, it is important to note that dry-
fractionated protein can have adverse effects on the colour, sensory characteristics, and textural properties of the extruded
products. Consequently, adjustments in extruder parameters are necessary to create fibrous materials incorporating DFPPs
effectively.

Summary This review article provides insights into technologies employed for protein extraction, options for enhancing
their functional and sensory properties (including addressing beany tastes), and various techniques developed to achieve a

fibrous and meat-like texture.

Keywords Plant-based protein - Pulses - Meat analogue - Dry fractionation - High-moisture extrusion

Introduction

The global demand for protein is expected to grow remark-
ably over the next decades. Although animal proteins, and in
particular, meat from ruminant animals such as beef have a
high impact on the environment, their consumption is increas-
ing even faster than that for protein overall [1, 2] The FAO
(Food and Agriculture Organization) [3] estimates an increase
of 14% in meat protein consumption until 2030, compared to
the period average of 2018-2020. Eleven percent are due to
global population growth, whereas the remaining 3% are con-
nected to an increased per capita meat consumption. On the
other hand, plant-based proteins are gaining increased interest
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as some consumers shift their diet towards more sustainable
options [4, 5]. Wheat gluten and soy are the main sources of
plant-based protein in the human diet but come with several
limitations. Wheat gluten can cause celiac disease, and soy is
not only a common allergen but also is grown under extensive
monocultural production that contributes to deforestation and
destruction of natural habitat [6]. Therefore, there is a need to
explore other, more environmentally sustainable, sources of
plant-based proteins. Other plant-based protein sources include
oilseeds, nuts, algae, and cereals, but pulse crops in particu-
lar are attractive due to their high protein content (19-43%)
[6], cheap production cost, and resource efficiency [6, 7, 8e].
Extrusion has become the most commonly used technology to
create plant-based meat analogues, but while it can be used for
a large variety of proteins, the use of air-classified pulse pro-
teins is still largely unknown [9]. This article aims to provide
insight into recent advances of sustainably extracted pulse pro-
teins used in the manufacture of plant-based meat analogues.
For this, the promising potential and current challenges of
high-moisture extrusion in combination with air-classified
pulse protein concentrates have been reviewed.
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Dry and Wet Fractionation of Pulse Proteins

A commonly employed method for obtaining protein-rich
fractions from pulses is wet extraction. This method, out-
lined schematically in Fig. 1, encompasses several steps.
Following grinding or milling, a defatting step is typically
carried out, utilising techniques such as cold pressing or
solvent extraction to yield defatted legume flour. Next, the
legume flour is mixed with water to eliminate insoluble
fibres under alkaline conditions (~pH 9) and subsequently
remove soluble fibres through protein precipitation at their
isoelectric point (~4.5—4.8). In the final step, the resulting
slurry is dried to yield protein isolates with a protein content
exceeding 90% and a yield ranging from 60 to 90% [10-12].

Wet fractionation yields protein isolates with a notably
higher level of purity and a lower concentration of anti-
nutritional factors compared to dry fractionation. However,
this method demands a substantial amount of energy and
necessitates the use of various chemicals and substantial
volumes of water, resulting in the generation of wastewa-
ter. Consequently, it is not considered an environmentally
friendly technique when compared to dry fractionation [10,
13]. Protein isolates obtained through wet fractionation are
vulnerable to losing their functionality, such as solubility, as
they may undergo significant denaturation due to exposure to
harsh processing conditions such as high temperatures and
acidic and alkaline solutions. The denaturation of proteins
has a notable adverse impact on their subsequent process-
ing in the food manufacturing industry [8e]. Nevertheless,

Fig. 1 Flowchart of simpli-
fied wet extraction and dry
extraction processes to obtain
proteinaceous fractions from
pulses

Wet fractionation
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despite these drawbacks, wet fractionation remains a pre-
ferred method for producing soy and pea protein isolates,
especially for the creation of meat analogues [9, 14-16].

Dry fractionation is a process that produces protein con-
centrates by mechanically segregating proteins from starches
and other impurities based on their particle size and den-
sity. In this method, pulses are first finely milled to sepa-
rate proteins from starches and other cellular components.
Subsequently, the milled flour undergoes air classification,
which divides it into two fractions: a coarse fraction rich
in starch and a fine fraction rich in proteins. The protein-
rich fraction typically contains between 40 and 65% protein
content and can be used as an ingredient in meat analogue
applications. Dry fractionation has been successfully used
for a wide range of pulses, including peas, chickpeas, faba
beans, mung beans, and lentils [7, 17].

Dry fractionation offers several advantages over wet frac-
tionation, primarily in terms of environmental impact and
preservation of protein structure and functionality. Unlike
wet fractionation, dry fractionation does not necessitate the
use of chemicals or a significant amount of water and does
not produce wastewater. Consequently, it eliminates the need
for energy-intensive drying processes and results in lower
water consumption [18]. Furthermore, this method main-
tains the native structure and functionality of proteins. How-
ever, it is important to note that dry-fractionated proteins
often exhibit lower yields and protein content. They may
also contain significant amounts of starch and other impuri-
ties, including oils and fibres, which, in turn, can influence
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their functionality and performance during storage and pro-
cessing [19, 20]. Additionally, pulses are known for their
characteristic “beany” and “grassy” off-flavours, attributed
to volatile components [7].

Functional Properties of Dry-Fractionated
Pulse Proteins

When substituting protein isolates with dry-fractionated
pulse proteins, it is crucial to preserve their functional prop-
erties to not compromise the quality of the final product [6].
Key functional properties for meat analogue applications
include solubility, gelation, water-holding capacity (WHC),
and oil-holding capacity (OHC) [14, 21, 22ee]. Additionally,
emulsification and foaming properties are highly relevant for
a wide range of food applications, including baked goods,
pastas, beverages, and dairy alternatives [11]. An overview
of selected functional properties of dry-fractionated pulse
proteins and soy protein isolate is provided in Table 1.
Solubility refers to a protein’s ability to dissolve in
an aqueous solvent. In its native state, a protein exposes
its hydrophilic groups, enhancing solubility. However,
increased denaturation and aggregation lead to reduced
solubility. These structural changes often occur during the
wet extraction of commercial protein concentrates and iso-
lates, making this process less suitable for food applications.
Vogelsang-O’Dwyer et al. [23] compared the solubility of
air-classified faba bean protein flour (FPF) and wet-fraction-
ated faba bean protein isolate (FPI). FPF exhibited higher
protein solubility than FPI at both the isoelectric point of pH
4.5 (15% vs. 3%) and neutral pH 7 (85% vs. 32%).
Water-holding capacity (WHC) and oil-holding capacity
(OHC) describe the maximum amounts of water and oil a
protein can retain, respectively. Unlike solubility, WHC and
OHC of plant proteins can be increased by partial protein
unfolding during denaturation [24, 25]. An increased WHC
can be partly attributed to the fact that denatured protein is
less soluble (and thus is not discarded as part of the watery

supernatant) and due to the greater exposure of the proteins’
hydrophobic core, respectively [14]. Both WHC and OHC
have distinct effects on the texture and sensory properties
of meat analogues. Proteins high in WHC enhance product
juiciness by retaining more water, while OHC contributes
to mouthfeel and texture. Biihler et al. increased the water-
holding capacity of dry-fractionated faba bean concentrates
through dry heating treatment, illustrating the impact of pro-
cessing history on plant protein functionality [21]. Schlan-
gen et al. [17] reported comparable WHCs for air-classified
pulse proteins, including mung bean, yellow pea, and cow-
pea (2.1, 1.5, and 2.1 g/g, respectively), which is slightly
higher than the WHC of wet-fractionated faba and pea pro-
tein (1.8 and 1.7 g/g, respectively) [14].

Protein gelation is the process in which protein solutions
transform into semi-solid structures through unfolding, dis-
sociation, association, and aggregation of the proteins. These
three-dimensional, cross-linked networks have an isotropic
structure (direction-independent) and impact various spe-
cific characteristics of food systems, including thickening
and water retention. Protein gelation can be employed for the
structuring of foods like yogurts, desserts, or jellies. Vari-
ous techniques, including heat, pressure, pH shifting, salt
addition, or enzymes, can induce gelation, each with differ-
ent underlying mechanisms [26-28]. Heat-induced gelation
of proteins is a common practice in food manufacturing,
typically occurring when proteins are heated above their
denaturation temperature, causing them to unfold and form
network structures.

Schlangen et al. [17] demonstrated that dry-fractionated
pulse proteins, including those from mung bean, yellow pea,
and cowpea, can form heat-induced gels. These rheological
properties have the potential to be suitable for plant-based
food applications. Furthermore, they emphasised that rheo-
logical properties change between pulse varieties, likely due
to their unique protein compositions. This suggests that cer-
tain food applications may be especially suited for certain
pulse varieties based on their distinct protein composition
and characteristics.

Table 1 Protein content and

. : Pulse source Extraction  Protein%, dry Protein solubil- WHC (g/g) OHC (g/g) Ref
functional properties of selected .
X X method ity% (pH 7)

dry-fractionated pulse proteins

and soy isolate Faba bean DF 63.5 14-87 058-0.63  1.12-124  [23,29]
Mung bean DF 59-66 - 2.14 - [17]
Yellow pea DF 47-63 85 1.53 - [10, 17]
Pea DF 44-46.2 19-25 0.93-0.97 1.15 [29]
Soy WF 85-90 17 4.5-7.57 1.36-1.9 [28, 30]
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Protein Texturisation Using Low-
and High-Moisture Extrusion to Create Meat
Analogues

Meat analogues are developed to replicate the texture
and flavour of meat products, providing consumers with
a sensory experience similar to traditional animal protein
sources, in the absence of using animal-derived ingredients
[31, 32]. An essential aspect of meat analogues lies in their
capacity to develop anisotropic, fibrillar structures akin
to animal muscle tissues [28]. Various techniques, such
as shear cell, freeze casting, spinning, and self-assembly,
have been explored to achieve these structures. However,
their practical application currently remains mostly limited
to laboratory-scale or initial scaling-up phases [26].

Extrusion technology emerges as the standout method
with substantial commercial viability and utilisation.
Extrusion technology can be classified into two approaches
based on the moisture content employed during the extru-
sion process. Low-moisture extrusion deals with pro-
tein slurries containing less than 40% moisture content,
while high-moisture extrusion handles mixtures with over
40% moisture content [9]. Low-moisture extrusion is a
well-established technique for texturising plant proteins,
yielding textured vegetable proteins (TVPs) character-
ised by their slightly expanded structure [33]. The pro-
cess involves a rapid pressure drop as the material exits
the extruder die, resulting in water evaporation, cooling,
increased viscosity, and a transition to a glassy state. This
evaporation induces bubble expansion and stabilises the
material’s structure. TVP serves as a foundational ingre-
dient for various meat analogue products such as burgers,
nuggets, and mince but requires rehydration and further
processing [34].

In contrast, high-moisture extrusion represents a more
recent method for creating larger chunks with meat-like
fibrous structures and desired sensory attributes. It entails
combining proteins with other components at low tem-
peratures, followed by heating and shearing within the
extruder. This process induces the denaturation and melt-
ing of protein structures. The cooling die, located in the
final section of the extruder, cools the melt to below its
boiling point, preventing expansion and water evapora-
tion upon exit. The slow and controlled flow of the melt
in the cooling die aids in the shear alignment and stabi-
lisation of fibrous structures [14]. This technique offers
versatility in producing various fibrous textures, includ-
ing extrudates resembling whole cuts [16, 35]. Despite its
widespread commercial adoption, there remains a limited
understanding of the underlying mechanisms in extrusion
that contribute to the formation of fibrous structures in
plant proteins [9, 36].

@ Springer

Texturisation of Dry-Fractionated Pulse
Proteins Using Extrusion Technology

The use of extrusion technology for creating meat analogues
has been extensively explored, particularly for soy, wheat
gluten, and pea protein concentrates and isolates obtained
through wet fractionation [37-39]. However, applying extru-
sion technology to dry-fractionated pulse proteins presents
certain challenges. These challenges arise from their het-
erogeneous chemical composition, which includes higher
levels of starch and oil and lower protein content compared
to isolates, as well as pulse-typical off-flavours. Addition-
ally, there is a limited understanding of how the functional
properties of proteins interact with fibre formation in extru-
sion processes.

Few studies have investigated the impact of extrusion
cooking on dry-fractionated pulse proteins. Some of the
pulses used and their effects on meat analogues are sum-
marised in Table 2. For instance, De Angelis et al. [40ee]
combined dry-fractionated pea protein (DF-pea), wet-frac-
tionated pea protein isolate, and soy protein isolates with
oat protein from a hybrid dry- and wet-milling process.
They then subjected these mixtures to low-moisture extru-
sion (20-25% moisture content) and analysed their chemi-
cal composition, functionality, and sensory attributes. The
mixture containing DF-pea and oat protein exhibited the
highest carbohydrate content and the lowest protein content
before extrusion, attributed to the typical composition of
dry-fractionated pulse proteins. While the protein content
remained suitable for meat analogue applications, the high
carbohydrate content had the potential to negatively impact
fibre formation by absorbing water and expanding the extru-
date at the expense of fibre formation. The DF-pea and oat
protein extrudate also displayed the lowest hardness and
the highest overall odour and taste intensity, including the
pulse-typical bitterness and aftertaste. These findings under-
score the challenges related to the functional and sensory
properties of DF-pea proteins in meat analogue applications,
emphasising the need for further improvement in extraction
methods and formulation.

The feasibility of high-moisture extrusion using dry-frac-
tionated faba bean concentrate (protein content 63.5%, dry
basis) to create meat analogues was explored by do Carmo
et al. [41ee]. The study assessed the impact of specific pro-
cess parameters on the physicochemical, functional, and
sensory properties of meat analogues. It demonstrated the
possibility of producing fibrous meat analogues with dry-
fractionated faba bean as the sole source of protein, with
an optimal combination of barrel temperature and moisture
content for improved sensory profiles. Similarly, Ferawati
et al. [22e¢] created fibrous meat analogues from dry-frac-
tionated faba bean concentrate (protein content 56%) and
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Table 2 Texturisation of dry-fractionated pulse proteins

Protein source Extraction method Moisture content

Findings Ref

Pea, soy, oat DF, WF Low-moisture extrusion, 20-25%

Faba bean DF

Faba bean DF, WF High-moisture extrusion, 58-62%

Faba bean DF, WF

Mung bean DF High-moisture extrusion, 40-50%

High-moisture extrusion, 46-65.5%

High-moisture extrusion,60-62.5%,

DF-pea blended with pea protein isolate and oat proteins [400e]
and compared to control extrudate. Addition of DF-pea
increased specific mechanical energy, imparted brown-
greenish colour, and increased off-flavour intensity. A
potential synergy in flavour development between DF-pea
and cereal protein (oat) was observed

DF-faba bean can produce fibrous meat analogues with posi- [41ee]
tive sensory properties using high-moisture extrusion tech-
nology. Higher moisture content during extrusion increased
WHC, which correlated to impact on textural properties

DF-faba bean requires lower moisture content in extrusion [2200]

than commercial protein isolates to produce fibrous struc-

ture. Chemical composition and WHC of protein source

most strongly affected extrudate texture

DF-faba bean blended with faba bean isolate (30-70%
mixture) achieved fibrous structure. DF-faba bean affected
colour, WHC, and mechanical properties of extrudate

[4200]

DF-mung bean can produce fibrous, anisotropic structures
that resemble meat analogues

[430]

DF dry fractionation, WF wet fractionation

compared them to meat analogues made from wet-extracted
yellow pea and faba bean protein isolate using high-moisture
extrusion. They aimed to identify critical factors influencing
texture properties. The study revealed that dry-fractionated
faba bean produced meat analogues with lower water-
holding capacity (WHC) and firmer texture due to its low
protein and high carbohydrate content, favouring protein-
carbohydrate interactions over protein—protein interactions
during extrusion cooking. This underscores the importance
of considering the composition of dry-fractionated protein
ingredients to achieve optimal fibre formation, particularly
when used as the primary protein source.

Furthermore, Kantanen et al. [42e¢] used different blends
of DF-faba bean concentrate (protein content of 55.2%) and
wet-fractionated faba bean isolate (protein content of 80.1%,
dry basis) to create meat analogues through high-moisture
extrusion. Their study revealed that a higher proportion of
DF-faba bean in the blend resulted in a lighter colour, higher
WHC, and a more organised fibre structure, all desirable
attributes in meat analogues. This suggests that blending
dry-fractionated and wet-fractionated faba bean proteins
may offer an opportunity to improve the textural properties
of meat analogues. However, the functional properties and
chemical composition can vary significantly with different
extraction methods and pulse cultivars, necessitating fur-
ther investigation to determine whether these findings can
be replicated with different pulses and varying functional
properties. Additionally, De Angelis et al. [43ee] charac-
terised the rheological properties of dry-fractionated mung
bean concentrate (protein content of 55%) using a closed
cavity rheometer, simulating extruder-like conditions. They

subsequently developed meat analogues through high-mois-
ture extrusion (moisture content of 40-50%). The result-
ing meat analogues exhibited clear fibrous structures, and
texture properties such as hardness and chewiness in the
extrudate correlated directly with the extruder temperature,
resembling the properties of some commercial meat ana-
logues. These findings suggest that further investigation
is needed to establish a connection between raw material
properties and extrudate characteristics to design improved
texture and structure for meat analogues.

In the reviewed studies, DFPPs from three pulse varieties
(pea, mung bean, and faba bean) could successfully form
fibrous meat analogue structures using low- and high-mois-
ture extrusion, both as a single protein source and blended
with other proteins. However, DFPPs required adjusted pro-
cessing parameters and showed a negative impact on colour,
fibre formation, functional properties, and sensory properties
of the meat analogues.

Various pulse cultivars and diverse parameters employed
during milling and air classification have a notable impact
on the chemical composition, nutritional quality, and func-
tional properties of the resulting pulse fractions [7]. The dry
fractions of different pulse cultivars, such as yellow pea and
cowpea, have been comprehensively characterised and have
exhibited functional properties comparable to those of pea,
mung bean, and faba bean. This similarity suggests that they
might be suitable for the manufacture of plant-based meat
analogues using extrusion technology [17]. An alternative
approach could involve the blending of these pulse proteins
to address potential nutritional deficiencies and enhance fibre
formation [44]. Consequently, further research is essential
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in both the extraction and texturisation of dry-fractionated
pulse proteins to develop protein-rich food products that are
both sustainable and appealing to consumers.

Conclusion and Future Directions

Pulses, renowned for their rich protein content and sustain-
able cultivation practices, present an attractive source of
nutritious protein for human food applications. Dry frac-
tionation, a technology used to separate protein fractions
from pulses, excels in preserving the inherent functional-
ity of the proteins and boasts superior environmental sus-
tainability when compared to traditional wet fractionation
methods. Nevertheless, the utilisation of dry-fractionated
pulse proteins (DFPPs) for meat analogue applications is
still limited, because of the presence of unwanted impurities
and typical pulse-related off-flavours. Thus, it is imperative
to explore treatment methods such as heat treatments of the
raw legume flours that not only enhance protein purity but
also mitigate off-flavours to improve DFPPs for human food
applications. Furthermore, the intricate impact of protein
texturisation technologies on fibre formation in DFPPs is
largely unknown and hampers the development of analogues
that closely mimic meat’s texture.
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