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Summary The use of insects as food is a hot topic today and the obtaining and comprehensive characterisation of
insect meals is relevant since any scientific information represents progress towards the real use of these
‘new foods’. Therefore, the objective of this study was to evaluate the chemical composition of flours
obtained from Sphenarium purpurascens Ch. and Nauphoeta cinerea, identify the main components and
know their functional properties and thermal profile in flours and their mixtures to establish their poten-
tial applications as ingredients in the food and feed industry. The results revealed that flours and their
mixtures can be used to increase the nutritional value of foods, especially thanks to their high protein
content (35%-38%); in addition, their potential uses are numerous and range from baking, snacks, drinks
and meat substitutes thanks to their techno-functional and thermal properties. Regarding the thermal pro-
file, this study presents results above 250 °C that have not been reported before for these insects and
relate to the decomposition of acetylglucosamine units and the evaporation of low molecular weight vola-
tile products that have not been reported for the flours of these insects. This study represents an advance
in terms of the use of insects, pending attention to issues such as innocuity.

Keywords insect flours, Nauphoeta cinerea, novel foods, Sphenarium purpurascens Ch.

demand for raw materials to obtain feed for various

Introduction agricultural branches (Bimbo, 2012). This pressure rep-

Currently, scientists and technologists are making
numerous efforts to achieve the goal called ‘zero hun-
ger’; however, until 2021 there were still 828 million
people in the world in conditions of malnutrition and
since the COVID-19 pandemic, 150 million more
undernourished people were added (FAO, 2022;
Vale-Hagan et al., 2023). Associated with the above,
intensive animal production systems have a high
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resents a burden on the environment by generating
large amounts of greenhouse gases (Kowalski
et al., 2022). This poses a complex problem, since, if
there is no widespread awareness, a significant deficit
is expected not only in food for human consumption
but also in feed. Therefore, a more reliable, sustainable
and resistant protein production system is required to
address the side effects of the current crisis that global
food security is experiencing (Vale-Hagan et al., 2023),
but in addition to producing new sources of nutrients,
it is important to learn how to use them (Kowalski
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et al., 2022), for which it is necessary to know its com-
position, characteristics and behaviour.

In the fields of food, nutrition and environmental
sciences, edible insects have become a hot topic during
the last decade. Several studies have shown that insects
could play a role in the food supply chain, either as
feed or food, due to the various advantages that could
lead to a more sustainable food system (Benes
et al., 2022; Vale-Hagan et al., 2023). Studies carried
out on the nutritional composition of insects report a
high content of energy, fat, fibre, minerals, vitamins
and mainly proteins with levels like those of fish and
meat (Veldkamp et al., 2012). In addition, insects have
short life cycles, do not require large spaces to be culti-
vated and have a low water requirement and their diet
can consist of low-cost waste (Van Huis et al., 2013;
Gahukar, 2016).

The use of insects, whether for human consumption
or to produce animal feed, is not widespread in West-
ern countries as consumers tend to reject insects and
insect-based food products (Nowak et al., 2016; Benes
et al., 2022) but it has been found that rejection is
reduced if the insects are used in a form in which they
are not directly perceived by the consumer, for exam-
ple in the form of extracts, concentrates or flour.
Insect flours are characterised by a significantly higher
content of proteins, ash, fats, and total and insoluble
dietary fibre compared to other flours such as wheat
flour, and their use contributes to increasing the nutri-
tional value of foods by being used as an additive
(Kowalski et al., 2022). However, edible insects are
considered ‘novel foods’ according to Regulation (EU)
2015/2283 and to occupy a place on the market they
require being included in the Union list of authorised
novel foods.

Currently, there are three safe species according to
the European Food Safety Authority (EFSA), which
are the yellow mealworm larvae (Tenebrio molitor),
migratory locust (Locusta migratoria L.) and house
cricket (Acheta domestica L.). Despite the legal diffi-
culties, it is important to highlight that the legislation
does not hinder the research or development of
experimental products with insects. On the contrary,
the information generated regarding their characteris-
tics, composition and nutritional and environmental
benefits generates that the use of insects gains more
space in the food and feed sector (Benes ef al., 2022).
Therefore, the objective of the present study was to
evaluate the chemical composition of flours obtained
from two species of insects: grasshopper (Sphenarium
purpurascens Ch.) and cockroach (Nauphoeta
cinerea), identify the main components and know
their functional properties and thermal profile in
flours and their mixtures to establish their potential
applications as ingredients in the food and feed
industry.

International Journal of Food Science and Technology 2024

Materials and methods

Obtaining insect flour

Grasshopper flour (Sphenarium purpurascens Ch.) was
obtained from insects purchased in the market of the
city of Oaxaca de Judrez, Mexico, from a wild collec-
tion. The insects were frozen and transferred to the labo-
ratory of the Universidad del Papaloapan. They were
subsequently washed, drained (three washing cycles to
eliminate impurities related to the collection) and placed
on aluminium trays to be dried at 55 °C for 48 h in a
drying oven (FA-65B, Ecoshell, PHARR, TX, USA).
They were subsequently ground in a grinding mill
(KCGO0702ER, KitchenAid, Benton Harbor, MI, USA)
and sieved to 250 uM, and the resulting flour was stored
in hermetically sealed bags in the freezer until use.
Cockroach flour (Nauphoeta cinerea) was obtained
from organisms cultured at the Juarez Autonomous
University of Tabasco. For the breeding and fattening
of the cockroaches, a 70-L plastic box without a lid
was used, with conditioned cardboard shelters. 50
males and 50 females were used for the beginning of
breeding. Three cm of Vaseline was placed around the
entire perimeter of the upper part of the plastic box to
prevent the escape of the insects. The cockroaches
were fed to satiety using a diet formulated with 30%
protein and 9% lipids. Water was provided constantly
in a 200-mL plastic container with marbles, to increase
the surface area and prevent the nymphs from
drowning. Adult cockroaches (3 months) were har-
vested, frozen (—20 °C), dried at 60 °C for 12 h in an
oven (FA-65B, Ecoshell, USA), ground in a grinding
mill (KCGO0702ER, KitchenAid, USA), sieved at
250 pM and stored in sealed freezer bags until use.

Chemical composition

The following parameters of insect flour were ana-
lysed: ash content (AOAC 923.03) and protein content
(AOAC 950.36). The protein content was calculated
by applying a conversion factor of 5.60 (Janssen
et al., 2017): fat content (AOAC 935.38) and water
content (AOAC 925.10). The carbohydrate content
was calculated by difference. Analyses were performed
in triplicate.

Functional properties

The grasshopper flour (Sphenarium purpurascens Ch.),
cockroach flour (Nauphoeta cinerea) and mixture
(50:50) were analysed. Water absorption capacity
(WAC) and water solubility capacity (WSC): the
WAC and WSC were determined according to
the methodology reported by Rodriguez-Miranda
et al. (2012). Oil absorption capacity (OAC): the OAC

© 2024 Institute of Food Science & Technology (IFST).
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was determined according to the methodology
reported by Beuchat (1977). Swelling power (SP): the
SP was determined according to Sathe er al. (1982).
Emulsifying capacity (EC): the EC was determined
according to the methodology reported by Rodriguez-
Miranda et al. (2012). Foaming capacity (FC) was per-
formed according to Bencini (1986), and apparent
density (DA) was performed according to Judrez-
Barrientos et al. (2017).

Thermal profile

The grasshopper flour (Sphenarium purpurascens Ch.),
cockroach flour (Nauphoeta cinerea) and mixture
(50:50) were analysed. The thermal properties of the
flours were determined using a differential scanning
calorimeter (DSC Q 2000, TA Instruments, 109
Lukens Drive, New Castle, DE 19720, USA) cali-
brated with indium (To = 156.4 °C, DH = 28.4 J/g).
The cell was purged with nitrogen gas (99.99% purity)
and calibrated for its baseline using a standard of pure
indium. Samples of 2 mg were placed on hermetically
sealed aluminium pans (40-pL) and heated from 25 °C
up to 400 °C with a heating rate of 5 °C/min. Curves
of heat flow (Wg™') versus temperature were obtained
and processed by TA Instruments Universal Analysis
software, and the curves were analysed for the peak
temperature (°C) and enthalpy (AH J/g).

Data analysis

Statistical analysis was carried out using Statistica 13.0
(StatSoft, Krakéw, Poland). A one-way ANOVA was
used at the significance level P < 0.05. When the
Levene test indicated significant differences, a post-hoc
least significant difference (LSD) Fisher’s test was
performed. The results were presented as
mean =+ standard deviation.

Results and discussion

Chemical composition

The proximal chemical analysis revealed that the
flours have a percentage of proteins in a range of
35.92% to 38.24%, with cockroach flour having a
higher content compared to grasshopper; however, the
difference was not statistically significant (P > 0.05).
Grasshopper flour presented a significantly higher per-
centage (P < 0.05) of ash, and no differences were
observed in the content of lipids and carbohydrates,
as shown in Table 1. It is interesting to note that the
protein content found in this study for both insects is
lower than that reported in studies published by other
authors who present values from 46.5 £ 0.8 to
75.56 + 0.8% for grasshopper (S. purpurascens Ch.)

© 2024 Institute of Food Science & Technology (IFST).

Table 1 Chemical composition of grasshopper (S. purpuras-
cens) and cockroach (N. cinerea) flours.

Sample

Chemical composition (%) S. purpurascens flour N. cinerea flour

Protein 35.92 + 2.34 38.24 £+ 1.31°
Fats 7.98 + 1.207 8.56 + 1.43°
Ash 12.35 + 0.01° 5.79 + 0.10°
Carbohydrates 43.74 + 3.31° 47.41 + 0.45

Means + standard deviation, different superscripts in the same row
indicate significant differences (P < 0.05).

(Ramos-Elorduy et al., 1997; Melo-Ruiz et al., 2015;
Torruco-Uco et al., 2019; Contreras et al., 2020;
Ibarra-Herrera et al., 2020; Ganguly & Moreno, 2021;
Reyes-Herrera et al., 2022; Téllez-Morales et al., 2022;
Rivas-Vela et al., 2023) and 63.59 4+ 0.46 for cinere-
ous cockroach (N. cinerea) (de Oliveira et al., 2017).
These differences in protein content within the same
species can be explained in part by factors such as
geographic area (Rivas-Vela et al., 2023) seasonality
(Ssepuuya et al., 2019), sex, environment (tempera-
ture, day length, humidity, light intensity), stage of life
and diet (Ibarra-Herrera et al., 2020). In this regard,
Reyes-Herrera et al. (2022) reported this effect and
established that a diet richer in protein is not reflected
in a higher percentage of it in the chemical composi-
tion of the insect. On the other hand, the variability
in the results reported and those found in this study
may be related to an extrinsic factor, such as the
method used to estimate protein content. In this sense,
it is important to highlight that insects have a signifi-
cant amount of chitin, which is present in the exoskel-
eton and contains nitrogen. Failure to consider the
nitrogen content of chitin may lead to an overestima-
tion of protein percentage (Ibarra-Herrera et al., 2020)
if the Kjeldahl method is used since this method deter-
mines the total nitrogen content and uses a conversion
factor to estimate the protein content. In this regard,
in the majority of studies (70%) where protein content
is reported, a conversion factor of 6.25 is used (gener-
ally applied for meat products or generic foods) for
both S. purpurascens (Ganguly & Moreno, 2021;
Rivas-Vela et al., 2023) and N. cinérea (de Oliveira
et al., 2017). In 30% of previously published studies, a
factor of 5.60 or 5.33 is applied (Contreras
et al., 2020; Ibarra-Herrera et al., 2020; Reyes-Herrera
et al., 2022). The factor of 5.60 used in this study was
established by Janssen et al. (2017), who recommend
using 5.60 for adult insects and 4.76 for larvae,
intending to avoid overestimation of the real protein
content in edible insects.

Although the protein values found in this study were
lower than those reported by other authors, the

International Journal of Food Science and Technology 2024
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Table 2 Functional properties of grasshopper (S. purpurascens) and cockroach (N. cinerea) flours and their mixtures.

Property S. purpurascens flour Mixture N. cinerea flour
Water absorption capacity (WAC) (g/g) 10.10 £+ 0.37° 9.45 + 0.90° 9.93 + 0.11°
Water solubility index (WSC) (%) 16.78 + 0.35%° 15.80 + 0.78° 17.89 + 0.83°
Oil absorption capacity (OAC) (oil g/g) 9.29 + 0.33° 9.02 + 0.41° 8.89 + 0.447
Emulsifying capacity (EC) (%) 1.71 + 0.54* 1.74 £ 0577 4.55 + 0.66°
Apparent density (AD) (g/cm®) 0.65 + 0.01° 0.74 + 0.01° 0.56 + 0.012
Foaming capacity (FC) (%) 5.63 & 0.47° 8.55 + 0.03° 10.72 + 0.17°

Means + standard deviation, different superscripts in the same row indicate significant differences (P < 0.05).

protein contribution is still considerable and the addi-
tion, even in small proportions, of these insect flours
mixed with other flours conventionally used to obtain
foods and feeds can increase its nutritional value
considerably (de Oliveira et al., 2017; Contreras
et al., 2020). Another important aspect of grasshopper
and cockroach flours is the low-fat content (7.98%-—
8.56%), which makes them a practical raw material
that is easy to process, when compared to flours that
are difficult to process such as mealworm flour (7eneb-
rio molitor) and black soldier fly (Hermetia illucens)
with a content of 20.0% and 21.1% fat, respectively
(BuBler ez al., 2016).

Functional properties

The samples do not present significant differences
(P <0.05) between the samples in WAC and OAC,
with an average value of 9.83 and 9.07 g/g, respec-
tively (Table 2). This is because no significant differ-
ences were found in the protein and carbohydrate
content (P < 0.05) since the composition of the protein
will affect the water and lipid retention functionality of
the samples (Gravel & Doyen, 2020; Lépez-Gamez
et al., 2024). Both properties are crucial for texture in
foods and are considered essential functionalities for
food applications, especially for the development of
food texture (Mishyna et al., 2021; Lépez-Gamez
et al., 2024). Therefore, a high WAC is related to the
presence of a high proportion of soluble proteins and
a greater exposure of polar amino acids, appropriate
for soups, bakery or pasta (de Paiva Gouvéa
et al., 2023; Lopez-Gamez et al., 2024). On the con-
trary, a high OAC is probably due to the availability
of non-polar amino acids or a high lipid content,
desirable in meat emulsions and dairy products
(Ghribi et al., 2015; Lopez-Gdmez et al., 2024).

These results are superior to those reported by
Torruco-Uco et al. (2019) and Villasenor et al. (2022b)
in S. purpurascens in WAC (1.75-2.75 g/g) and OAC
(2-2.79 g/g), Haber et al. (2019) in Schistocerca
gregaria (WAC: 1.37 g/g and OAC: 1.21 g/g) and
Aguilera et al. (2021) in Acheta domesticus (WAC:

International Journal of Food Science and Technology 2024

3.20 g/g and OAC: 2.19 g/g), as well as what was
reported in WAC in other insects such as yellow worm
(T. molitor, protein isolate (3.95 g/g) and flour
(1.29 g/g)) and the desert locust (Schistocerca gregaria)
protein isolates and flours (2.18 and 2.31 g/g, respec-
tively) (Zielinska et al., 2018; Villasenor et al., 2022a).

The maximum WSC was found in the N. cinerea
flour at 17.89%, with significant differences
(P <0.05) being found with the mixture where the
lowest value was found at 15.80% (Table 2). These
differences may be because solubility depends on the
amino acid composition and quaternary structure of
the proteins, as well as on pH and temperature.
Grossmann & Weiss (2021) mention that many insect
protein fractions have low solubility, and some spe-
cific fractions may have solubility characteristics suit-
able for use in food applications. Therefore, a high
solubility would be suitable for formulating bever-
ages with properties like those of milk (de Paiva
Gouveéa et al., 2023). These results are similar to
those reported by Torruco-Uco et al. (2019) from
12.33% to 17.13%.

N. cinerea flour showed the highest values of EC
(4.55%) and FC (10.72%) (Table 2). In EC, no signifi-
cant differences (p < 0.05) were found between the
mixture and the S. purpurascens flour, while in FC,
significant differences were found between the samples
(P <0.05) (Table 2). These differences are because
these properties depend on the amphiphilic characteris-
tics of the protein present in the samples, which will
determine the interactions at the oil-water and air—
water interfaces (Mishyna et al., 2021; Lopez-Gamez
et al., 2024), and in this case, the N. cinerea samples
could contain a greater number of proteins with
amphiphilic characteristics. A higher EC is desirable to
produce semi-solid foods such as meat analogues, in
the format of sausages or hamburgers (Talens
et al., 2022; de Paiva Gouvéa et al., 2023; Lépez-G-
amez et al., 2024). Gravel & Doyen (2020) found that
insect proteins are more suitable for stabilising oil-
water interfaces, being at the same EC level as other
proteins, such as whey and soy proteins. However,
Grossmann & Weiss (2021) and Gravel &

© 2024 Institute of Food Science & Technology (IFST).
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Doyen (2020) mention that insect proteins have low
foaming capacity and low foam stability.

A significantly (P < 0.05) higher value of AD
(0.74 g/cm?) was found in the mixture (Table 2). The
AD is the property that relates the dough to the vol-
ume occupied by the flour, including the volume of the
particles and the spaces available between them,
important in determining the packaging or packaging
and handling system of the material, which is why it
seeks to obtain low AD values so that the products do
not lose volume during storage (Torruco-Uco
et al., 2019). The value found is higher than that
reported in S. purpurascens by Torruco-Uco
et al. (2019) 0.51 g/em® and in Acheta domesticus by
Aguilera et al. (2021) 0.31 g/cm?.

In SP, no significant differences (P > 0.05) were
found between the samples (Fig. 1) with increasing
temperature (70-90 °C), while at 60 °C, significant
differences (P < 0.05) were found between the S. pur-
purascens and N. cinerea samples. This is likely due
to protein—chitin interactions in the swelling layer
during heating, as well as protein—lipid interactions
from two insect samples. However, these results
are superior to those reported by Torruco-Uco
et al. (2019).

Thermal profile

In the thermal analysis of the flours (grasshopper,
cockroach and the mixture [50:50]), three zones are
identified with five endothermic events. In the first
zone, two peaks (peak 1 and peak 2) were identified
between 46 and 147 °C. The second zone presented a

S, purpurascens

I Mixture
= V. cinerea

11.0
10.8

10.6

o

10.4 ab

a
: s a a a
102 l a 5 2 x
10.0
98
96
9.4
A LJ L

60 70 80 90
Temperature (°C)

Swelling power (%)

AN\

Coo® o
OCr®»O N

Figure 1 Swelling power of grasshopper (S. purpurascens) and cock-
roach (N. cinerea) flours and their mixtures.

© 2024 Institute of Food Science & Technology (IFST).

peak (peak 3) between 210 and 238 °C. Finally, the
third zone presented two peaks (peak 4 and peak 5)
between 299 and 320 °C (Fig. 2a). In Figure 2b, two
endothermic peaks are seen for the cockroach flour
and the mixture and only one endothermic peak for
the grasshopper flour. The first peak of cockroach
flours and the mixture, according to the temperature
at which the event is observed, corresponds to the
fusion of lipids, which according to Knothe &
Dunn (2009) can occur in the range of 9.49-41.43 °C
for individual fatty acids, but the melting temperature
can be raised, depending on the interaction of the
lipids in the food matrix. The second endothermic
peak corresponds to protein denaturation. In the case
of the mixture, it is presented at a temperature of
106.45 °C, and for the cockroach flour, it is located at
110.16 °C. These denaturation temperatures are above
those reported by Contreras et al. (2020) (81 °C) and
Baigts-Allende er al. (2021) (76 °C for wasp larvae, 82
°C for jumil and 94 °C for black soldier fly larvae).
However, the protein denaturation temperature
depends on the type of proteins present in insects since
when there are highly stable protein conformations,
the denaturation temperature increases and there may
even be extended peaks up to 130 °C that are related
to a second protein fraction (Baigts-Allende ez al.,
2021). In the case of grasshopper flour, there is only
one endothermic peak at 147.12 °C, which is similar to
what was found by Torruco-Uco et al. (2019) who
report a single peak in an interval of 131.01-163.07 °C
and different from what was reported by Contreras
et al. (2020) who found two peaks, one at 72.2 °C,
related to protein denaturation, and the second at
103.15 °C, related to the formation of the protein-lipid
complex. In this study, the endothermic peak at 147.12
°C in grasshopper flour is attributed to protein dena-
turation and formation of the protein-lipid complex,
which occurs in food matrices during processing (gen-
erally due to high temperatures) and depending on the
nature of the raw material, will result in different types
of interactions that can be hydrogen bonding, electro-
static bonding, covalent bonding, hydrophobic bond-
ing and van der Walls bonding, which determine the
stability of the structures and affect the thermal, func-
tional, nutritional properties and some characteristics
such as the flavour and texture of the food (Alzagtat
& Alli, 2002). The difference between the peak found
in this study and the two peaks reported by Contreras
et al. (2020) can be attributed to differences in the
composition of insects that result in different intermo-
lecular interactions and different structures in the for-
mation of the protein—lipid complex.

In Figure 2c, only one endothermic peak is seen
between 210 and 238 °C for the three flour samples.
This peak may be related to the vaporisation of water
from the chitin structure since the samples analysed
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Figure 2 Thermal properties of grasshopper (S. purpurascens) and cockroach (N. cinerea) flours in a temperature range of (a) 10-400 °C, (b)

25-225 °C, (c) 170-260 °C and (d) 240-380 °C.

are not completely anhydrous since bound water per-
sists and cannot be eliminated in the drying process of
obtaining the flours. This peak is located in an area
of higher temperature than that reported by Liu
et al. (2010) who identify the evaporation of water
from chitin between 99 and 113 °C, but mention that
the peaks can extend up to 162 °C. In this regard, it is
important to mention that in the study by Liu
et al. (2010), samples of purified chitin were analysed,
and in the case of this study, the water vaporisation
event of chitin could be moved to higher temperatures
due to the interaction of this component with other
components within the food matrix. Finally, in
Figure 2d, two endothermic peaks are observed for the
cockroach flour and the mixture and a single peak for
the grasshopper flour in the range of 304-322 °C.
These peaks are related to the decomposition of acetyl-
glucosamine units and the evaporation of low molecu-
lar weight volatile products that form during
depolymerisation (Liu et al., 2010) and with some resi-
dues of proteins and chitin pigments (Ben Seghir &
Benhamza, 2017). It is worth mentioning that the stud-
ies reported at temperatures above 250 °C for the ther-
mal behaviour of chitin have been with purified chitin
since insects with all their complete components, only
analyses from 30 to 180 °C (Torruco-Uco et al., 2019),
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30 a 250 °C (Contreras et al., 2020) and de 20 a 180
°C (Baigts-Allende er al., 2021) have been reported,
leaving the temperature zone above 250 °C unex-
plored, in the case of the flour of these whole insects.
According to the overall results of the functional and
thermal properties, the flour mixtures can be recom-
mended for the preparation of sauces and dressings.

Conclusions

The findings confirm the feasibility of using insect
flour as an alternative protein source. The differences
observed in terms of the reported values may be multi-
factorial; however, it is necessary to emphasise the use
of the appropriate conversion factor to avoid overesti-
mating the protein content. The thermal profile
showed novel information above temperatures previ-
ously reported by other authors, in which the under-
standing of a major component in insects such as
chitin is expanded. These results open a whole field to
explore the behaviour of chitin in the protein matrix
of flours and its effect on the development of new
products or the preparation of sauces and dressings.
The flours obtained can be added as an ingredient in a
wide range of food products to increase their nutri-
tional value and improve physical properties.

© 2024 Institute of Food Science & Technology (IFST).
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However, it is advisable to carry out more safety stud-
ies to ensure compliance with international legislation
in the future and eventually develop products consider-
ing consumer acceptance through sensory analysis.
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