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Impact of emerging technologies on colloidal properties
of insect proteins
Lucas S Queiroz1, Naaman FN Silva2,
Antonio F de Carvalho3 and Federico Casanova1

Edible insects have emerged as promising protein sources with
nutritional and functional advantages. There is a growing interest
in implementing insect-based products as food ingredients in
order to replace conventional animal-based foods and reduce
their environmental footprint. Emerging technologies claim to
improve protein technofunctionalities at the same time as they
operate efficiently and sustainably. However, different processing
parameters represent a relevant impact on product quality and
extraction yielding. There is a lack of knowledge on how these
processing conditions can be optimized to obtain an efficient and
functional protein-enriched product. This review aims to shed
light on the current studies involving insect products treated by
alternative technologies such as high hydrostatic pressure,
ultrasound, pulsed electric field, and ohmic heating, and how they
have contributed to protein extraction and functionalization. The
possible gaps for future research and the perspectives in this field
are briefly discussed in the present work.
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Introduction
Extensive studies have been performed on conventional
food proteins to apprehend their nutritional and functional

properties [1]. However, some concerns around animal
protein production and consumption include negative
impacts on human health, natural resource depletion, en-
vironmental footprint, climate changes, and animal welfare
[2,3]. These concerns have led to an increased interest in
alternative and prominent new protein sources, including
insects [4,5]. The human consumption of edible insects
(entomophagy) has been reported throughout history,
which is considered a common practice in several coun-
tries, mainly in the eastern world [6,7].

Edible insects are a valuable protein source that contains
all essential amino acids required for human nutrition
[8]. Their protein content can range between 35% and
60% on a dry basis, comparable to other conventional
animal protein sources [9]. However, their nutritional
composition may change according to insects' sex, feed,
specie, rearing, and processing [10,11].

During food processing, due to changes in the physi-
cal–chemical conditions, proteins undergo structural al-
terations at different levels, contributing to the stability/
destabilization of colloidal systems [12,13]. For instance,
these changes can be used to improve colloidal proper-
ties: gel-like formulations, emulsions, and foams
[8,14–18]. The development of new food ingredients
based on sustainable protein sources demands in-
novative and sustainable processing solutions, with par-
ticular attention to the raw material characteristics, target
functionality, nutritional composition, and consumer
acceptance [19,20]. Optimizing protein functionality
using sustainable technologies can be challenging and
may require a different approach, such as the disruption
of tissues and deep permeabilization [19,20]. High hy-
drostatic pressure (HHP) [21], ultrasound [22], pulsed
electric field (PEF) [23], and ohmic heating (OH) [24]
have been recently suggested as promising emerging
technologies (Table 1). However, the optimization of
such methods is yet in its infancy.

The lack of knowledge of emerging technologies results in
the usage of conventional processing methods that are
nonefficient to extract and functionalize sustainable protein
sources. This leads to a limited capacity to innovate and
discover new food ingredients with enhanced functionality
and a lower environmental footprint. The present study
aimed to identify the latest emerging techniques applied to
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insect products in order to expand the knowledge in this
area and offer insights into how these methods can enhance
insect application as food ingredients.

High hydrostatic pressure
HHP is a nonthermal treatment that can reach up to
1000 MPa over the product in a temperature-controlled
environment [25]. The method was initially developed
for milk preservation, but recent studies have applied
HPP for different purposes such as food texture mod-
ification, microorganism inactivation, emulsification,
improvement of protein digestibility, and general pro-
tein functionalization. One of the first studies evaluating
the effect of HHP on functionality of edible insect
proteins investigated the technofunctional properties of
Protaetia brevitarsis seulensis, from 0 to 500 MPa at 35°C
[27], which caused protein structure modifications at the
secondary and tertiary levels. For instance, protein so-
lubility reached the highest value after 200-MPa treat-
ment. Foam capacity (FC) and foam stability (FS) were
also impacted by HHP where FC significantly increased
(p < 0.05) for pressure-treated samples compared
with the untreated group. No difference (p > 0.05) for
foaming properties was observed between the treated
samples, except for the sample treated at 100 MPa.
During the first 20 min, the sample treated at 500 MPa
exhibited the highest foaming stability. Interesting re-
sults were observed for emulsion capacity (EC) where
samples treated at pressure higher than 100 MPa showed
a significant decrease (p < 0.05) in EC. However, sam-
ples treated at 200 MPa had a longer emulsion stability
(ES) compared with other groups.

Changes in secondary and tertiary protein structure can
impact interfacial properties of proteins, which results in
modifications of FS and ES. In fact, functional properties of
insect proteins can be enhanced by HHP, and the different
pressure and time of treatment as well as insect protein
profile might drive to a different functional application. The
impact of HHP on the functional properties of Gryllodes
sigillatus and Tenebrio molitor and their respective protein
hydrolysates were studied by Dion-Poulin et al. [28].

Pretreatment with HHP induced protein aggregation and
lowered the degree of protein hydrolysis. Mealworm
(T. molitor) sample, pretreated with HHP, had higher pro-
tein solubility when compared with untreated sample,
however, cricket meal sample had its solubility decreased
after HHP. Therefore, different insects may give opposite
results after similar HHP treatment as the functionality
relies on the applied treatment but also on protein profile
that will vary according to insect species, life stage, feed,
and so on [29].

HHP can cause breakage of noncovalent bonds such as
hydrophobic and electrostatic interactions as well as the
formation of new bonds and interactions resulting in
protein aggregation, denaturation, or/and gelation [30].
In this regard, Tenebrio molitor soluble protein structure
was deeper investigated after HHP treatment. Joao da
Silva et al. demonstrated that after pressure treatment
up to 600 MPa for short time (5 min), protein aggrega-
tion was promoted due to inter- and intramolecular in-
teractions [31]. Protein unfolding of pressure-treated
sample was addressed by the increase in surface hydro-
phobicity, decrease in intrinsic fluorescence intensity,
and turbidity analysis of pressure-treated samples. Fur-
ther studies are needed in order to investigate the im-
pact of HHP on insect protein extraction and
technofunctionalities.

Ultrasound processing
Ultrasound technique or sonication is an innovative
green technology based on high-intensity and low-fre-
quency sound waves (≥20 kHz) [32]. The application of
ultrasound waves in a liquid typically creates micro-
bubbles that will rapidly collapse with a succeeding
propagation of waves that result in a high shearing effect,
a phenomenon called cavitation [22]. The process can
cause disruption of noncovalent bonds, which results in
protein unfolding without significant modification in
amino acid composition. Ultrasound has been used to
recover and treat valuable proteins from food industry
by-products and it is usually applied as an aid to con-
ventional protein extraction methods in order to increase

Table 1

Insect protein functionality after emerging technology application.

Method Insect Protein functionality Protein extractiona Reference

HHP Protaetia brevitarsis seulensis FS, FC, EC, ES No [27]
Gryllodes sigillatus OHC, WHC, EC, ES, and foaming properties No [28]
Tenebrio molitor

Ultrasound Hermetia illucens Gelling property No [34]
CBTM Emulsifying property No [36]
Antheraea pernyi WHC, FC, FS, EC, and ES No [37]
Schistocerca gregaria FC, FS, EC, and ES Yes [38]
Apis mellifera

PEF Acheta domesticus WHC, OHC, EC, and FC Yes [40]
OH Hermetia illucens Emulsifying property Yes [18]

a The respective emerging technology was suggested as an alternative method for protein extraction.
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efficiency and reduce time and solvent needed. The
technique has several advantages such as more afford-
able application, treatment uniformity, high efficiency,
quality, and functionality of processed material com-
pared with conventional methods [33]. Protein extract
from black soldier fly (Hermetia illucens) larvae (BSFL)
was exposed to different times of ultrasound treatments
(20-kHz fixed frequency, 500 W, pulse treatment 5 s On
and OFF) to investigate their impact on BSFL gelling
properties [34]. The biggest particle size, surface hy-
drophobicity, and zeta potential was reported after
15 min of ultrasound treatment. Similarly, the highest
elastic modulus (G`) was found when the sample was
subjected to 15 min of ultrasound treatment and ramp
temperature from 25°C to 85°C. A 15-min ultrasound-
treated sample also had the smallest pore size and the
most homogeneous gel-like structure. All ultrasound-
treated samples revealed a higher storage modulus pro-
file during the temperature ramp. The formation of
protein aggregates after sonication induced the devel-
opment of a more elastic BSFL gel, and the treatment
time was a crucial parameter for that. In fact, 15 min of
treatment promoted protein–protein interactions that
favored gel formation with a more solid-like behavior.

The structural, physical, and functional features of black
soldier fly protein extract were also investigated by fixed
and sweep frequency of ultrasound treatment [35].
Changes in protein secondary structure were observed
after ultrasound treatment. The clear influence of soni-
cation on the product's visual aspects, such as color and
turbidity, was also reported in this study, which can play
an important role on consumer acceptance of future in-
sect-based products.

Wang et al. [36] investigated the emulsifying properties
of Clanis Bilineata Tingtauica Mell (CBTM) and its im-
provement after ultrasound treatment. The authors
evaluated a range of power intensities, and the sample
treated at 400 W revealed the most promising results for
emulsification properties. Physical stability of emulsions
was also tested after NaCl addition at different con-
centrations from 50 to 500 mmol/L. The addition of salt
at high concentrations normally reduces electrostatic
repulsion between droplets and causes coalescence.
However, the sonic-treated sample at 400 W had a more
stable interfacial layer than others, even when 500 mM
of NaCl was added. The data reported the relevance of
ultrasound treatment in enhancing emulsifying proper-
ties of insect proteins and broadening its application in
the food field.

Tussah pupa (Antheraea pernyi) protein isolate showed
structural changes and improved protein solubility,
water-holding capacity (WHC), foaming, and emulsi-
fying properties. This study evaluated the structural
modifications on proteins after sonication that led to an

increase of random coil structure arrangements [37]. In
another study, edible grasshopper (Schistocerca gregaria)
and honeybee brood (Apis mellifera) have been both
subjected to protein extraction using ultrasound, pulse
mode 30 s ON and OFF at amplitude 70%. Protein-
enriched extract was compared with whey protein for
their functionality [38]. Ultrasound extraction increased
the protein content in 4.6% and 15.6% for S. gregaria and
A. mellifera, respectively. S. gregaria samples extracted by
conventional alkaline and ultrasound methods had the
highest FS 74.1% and 63.4%, respectively. Values were
significantly higher than whey protein, 14.4%. The
highest ES was performed by emulsions stabilized with
S. gregaria sonic-treated fraction and whey proteins; va-
lues remained higher than 80% for both samples after
120 min of analysis. This result highlights the promising
application of insect proteins in food system replacing
conventional protein sources such as whey protein. In
addition, it demonstrated how sonication can be an ef-
fective method to improve such functionalities.

The application of ultrasound-assisted processing needs
to be fully understood since extreme treatment condi-
tions may initiate uncontrollable cell cavitation, causing
unexpected effects on protein structure. However, so-
nication has been applied as an important sustainable
alternative to conventional heating and the usage of
chemicals [26]. The method does not require complex
sample preparation and is considered relatively easy to
operate.

Pulsed electric field
PEF consists of electric pulses of short duration (10−4 to
10−2 s) and considerable high amplitude (0.1–80 kV/cm).
It creates electrical potential through the cell membrane,
which can either disrupt the cell or create pores on it, a
phenomenon called electroporation. PEF is considered a
nonthermal food processing, efficient in inducing
changes in protein hydrophobicity, protein structure,
and dissociating noncovalent bonds [39].

Cell permeabilization has been explored by using a PEF
system on Tenebrio molitor. The study reported that
when increasing electrical intensity (E) and previous
compression of insect powder (higher density), en-
hanced permeabilization kinetics was observed [39].
This improvement in permeabilization can be an inter-
esting strategy to improve the extraction of intracellular
compounds from insect biomass.

For the first time, the impact of PEF was evaluated on
house crickets (Acheta domesticus), seeking an improved
extraction yield of nutritional components and enhanced
technofunctional properties [40]. Insect powder was
placed in an electrode gap of 40 mm under bipolar
pulses of 1.5 kV/cm, pulse width and frequency of 15 μs
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and 20 Hz, respectively. The number of pulses ranged
from 100 to 1000. The study reported that treatment on
insect flour had a significant effect on oil-holding capa-
city (OHC; 41.3% increase), p < 0.05, compared with
untreated samples. Even the lowest treatment-intensity
(4.9 kJ/kg) PEF significantly increased the EC of
emulsions stabilized with house cricket flour by 22.1%.
The highest intense treatment increased EC by 74.7%.
Enhanced EC can be correlated to the protein profile
and the improved extractability of proteins to the water
fraction [40,41]. In addition, sample treated with PEF at
24.53 kJ/kg, had the highest antioxidant activity, 58.20%.
Data corroborate with previous studies in the literature,
which showed that PEF could assist the fractionation of
valuable compounds, mainly proteins with promising
antioxidant from olive oil pomace, nutritional, and
technofunctional capacity properties [42].

In another study, PEF was applied as a pretreatment
before drying an insect mass of H. illucens. The aim was
to improve the drying rate or drying time under gentle
conditions [43]. The study in fact reported an improve-
ment of drying rate of larvae treated at 2 and 3 kV/
cm. PEF has been applied in different areas of knowl-
edge, including inactivation of microorganism, extrac-
tion, drying, and cell disintegration [44]. Therefore,
there is a whole new field to explore by combining in-
sects’ matrices and PEF processing.

Ohmic heating
OH is a thermal processing technique in which an al-
ternating electric current passes inside a semiconductive
medium and generates rapid and uniform heating [45].
The presence of electrolytes, such as salt and acids, al-
lows the current to pass through food materials, which
acts as resistance in a common electrical circuit, then
generating direct or volumetric heat [46]. Besides
heating, OH causes electroporation of cell membranes,
raising conductivity and permeability, which promotes
higher exchange rates of biomass [25]. To our knowl-
edge, only one work studied the application of OH on
protein extraction and insect protein functionalities. The
study used OH as a pretreatment and the combination of
OH and ultrasound (OHU) to increase protein yield of
extraction and improve functional activity from
BSFL proteins [18]. Considering the protein content, no
significant difference was noticed, 62.0%, 66.7%, and
66.2% for alkaline, OH, and OHU, respectively. How-
ever, physical changes in protein secondary structure
were reported by Fourier transform infrared spectro-
scopy (FTIR) and Differential scanning calorimetry
(DSC) methods for all tested samples, that is, OH,
UOH, and untreated. Further studies can be developed
considering the exposure of hydrophobic and sulfhydryl
groups, which are related to protein–protein interactions
and functionalization. Oil/water interfacial properties of

OH-treated samples at 12.9 mN m−1 showed the lowest
interfacial tension among BSFL samples, the results
were similar to sodium caseinate at 12.7 mN m−1 [7].
Emulsions prepared with OH protein sample had the
best stability over 48 hours and the smallest droplet size
[7]. The potential application of OH has been described
in the literature for other protein sources such as dairy
and plant-based products [25,47,48]. Unfortunately, the
gap of knowledge involving insect proteins and OH
treatment and the possible synergism between ultra-
sound and OH limits the comprehension of how these
methods can optimize insect protein functionalities.

Conclusions and perspectives
The new drive to utilize a large variety of alternative
proteins, looking for more nutritional quality, protein
functionality, and lower environmental footprint, makes
it urgent to understand how emerging technologies af-
fect the structure–function of insect proteins. Recent
research is dedicated to maximizing the exploration of
functional and nutritional aspect from insects, where
emerging technologies have demonstrated promising
applications. According to FAO [49], there are more than
1900 edible insect species, but only a few have been
studied, and even fewer were subjected to emerging
treatments for protein functional optimization aiming for
food application.

Therefore, there is a new field that must be investigated.
The combination of sustainable food sources and
emerging techniques will shed light on new applications
and perspectives for food products with a significant
reduction in energy, water, organic solvent, and time
consumption.

The main driver for innovation in protein production is
the expanding world population and the negative impact
we have caused on the environment. However, we must
consider that developing countries represent a big portion
of this population growth, and the price of these new food
sources must be considered as we aim for product af-
fordability. Limited data on emerging technologies and
their application to insect proteins were noticed during
the development of the present study. The rise in studies
in this area of research can make it a more efficient and
cheaper application. On the other hand, the lack of stu-
dies hampers product reliability, postpones break-
throughs, and makes the process more costly.

The main challenges for the industry focusing on insect-
based products are associated with costs of manu-
facturing, final product quality, safety, product func-
tionality, and variability of the raw product [50].
Therefore, further research needs to be developed in
collaboration between research centers and the industry
in order to pin down possible reasons for product
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variability, improve insect protein functionality, provide
detailed information on nutritional characteristics, and
broaden product application in the food.
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