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A trend to study entomological options as food is turning the practice of entomophagy into a novel
research field in search for sustainable and accessible sources of nutrients. In this work, cricket (Gryllus
assimilis) was processed into flour (CF), and then extracted using different solvents to obtain oils and
defatted flours. The repeatability of CF obtention, its nutritional profile, and some of its physicochemical
properties were studied. Results showed repeatability with a 28% mass yield for CF production. The CF
presented adequate amino acid, mineral, and fatty acid profiles, a high content of dietary fibre, and low
available carbohydrates, thus being considered a suitable alternative for inclusion in healthy human diets.
Using data obtained from the total nitrogen content, the amino acid profile, and the total dietary fibre
determinations, the CF protein digestibility was estimated at 67.4%. Based on experimental data, a mean
nitrogen-to-protein conversion factor of 5.76 was calculated for a G. assimilis meal. The study showed
that nutritional cricket flour and derivatives can be obtained using non-sophisticated methods.

amino acid score, cricket flour, fatty acid composition, mineral profile, nitrogen-to-protein conversion factor, techno-func-

tional properties.

Introduction

Entomophagy, the human consumption of insects, is
an ancestral tradition in several cultures and is gaining
global attention as a sustainable food practice. The
FAQO’s 2013 publication ‘Edible insects: future pros-
pects for food and feed security’ highlighted the eco-
nomic, environmental, and nutritional advantages of
insects in modern diets, spreading worldwide interest
on this topic and the need for regulatory research (van
Huis et al., 2013).

More than 2100 insect species are considered edible
(Jongema, 2017), but only a small number of species,
such as Locusta migratoria, Acheta domesticus, and
Tenebrio molitor, has been thoroughly researched and
approved in Western countries, especially in the Euro-
pean Union (Pasini et al., 2022). Despite cultural
biases, the demand for insect-based ingredients is
growing due to their high nutritional value and sus-
tainability. Insects offer a rich source of proteins and
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essential amino acids, with a caloric profile favouring
lipids over carbohydrates, making them ideal for
healthier, low-carbohydrate diets.

Moreover, entomophagy is key to achieving global
sustainability goals due to its efficient use of resources
(Gonzalez et al., 2019). Insect farming has a lower
environmental footprint compared with traditional
livestock, requiring less land, water, and feed, and
emitting fewer greenhouse gases (Finke, 2002; Rum-
pold & Schliiter, 2013). Insects also provide an efficient
tool for contributing to the circular economy since
they can degrade food waste, thus reducing and repur-
posing biological materials.

This study focuses on Gryllus assimilis, a cricket spe-
cies gaining interest in Argentina and South America,
which was processed into flour using traditional
methods. The research aims to characterise the nutri-
tional quality of cricket flour and its derivatives,
including defatted flour and extracted oils. Addition-
ally, a method to discriminate the nitrogen compounds
as a tool to estimate the nitrogen-to-protein conver-
sion factor was proposed.
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Materials and methods

Materials

Crickets (G. assimilis) were provided by the farm Gril-
los Capos (Argentina). The specimens were 40-50 days
old, and were cultured, reared, and harvested under
standardised conditions according to the recommenda-
tions of the European Food Safety Authority (EFSA).
All chemicals were of analytical-grade.

Cricket flour production

The specimens were selected and separated from the
substrate (composed of food remains and excreta) and
then weighed. Then, they were scalded in boiling water
for 180 s and drained. The specimens were distributed
homogeneously in oven plates avoiding the overlap of
the individual specimens and were dehydrated at 130 °C
for 60 min in a convection oven (Lanin II, Panier,
Argentina). Finally, dried samples were ground and
stored in an airtight plastic container until further analy-
sis. This product was identified as cricket flour (CF).

Characterisation

The obtained CF was characterised in terms of composi-
tion by total nitrogen, fat, moisture, ash, and total die-
tary fibre (TDF) by the corresponding approved AACC
methods 46-12.01, 30-25.01, 44-15.02, 08-01.01, and 32-
05.01 (AACC, 2000) (available carbohydrate content
determined by difference). Additionally, amino acid pro-
file of proteins was obtained by high performance liquid
chromatography (HPLC), mineral composition was
determined by inductively coupled plasma optical emis-
sion spectrometer (ICP-OES) and ICP mass spectrome-
ter (ICP-MS), and fatty acids profile by gas
chromatography (GC) after methylation. Chitin was cal-
culated based on experimental data. On the other hand,
CF was subjected to partial defatting with different sol-
vents, and the following techno-functional properties of
the whole and the defatted flours were determined:
water-holding capacity (WHC), oil absorption capacity
(OAC), parameters (L*, a*, b*) with a surface colorime-
ter; as well as the fatty acid composition of both the
defatted flours and the extracted oils. An exhaustive
description of all procedures and methods used for the
characterisation of the CF, the partially defatted flours,
and the oils are supplied in Appendix S1.

Results and discussion

Cricket flour production: Yield and stability

The dehydration conditions used for the production of
the CF were effective in reducing the water from the
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specimens. The process showed good repeatability and
an overall mass yield of 28 + 1 (% w/w, n = 4), with
the majority of the mass loss corresponding to water
(initial water content: 79.0 + 0.8 g H,O/100 g crickets,
n=9). The final water content of the ground sample
was 1.28 + 0.1 g H,O/100 g CF (wb). The final product
had an a,, of 0.185 at 20 °C that guarantees microbio-
logical stability during storage in adequate conditions.

Low values of a,, could increase lipid oxidative sus-
ceptibility, especially the autooxidation of unsaturated
fatty acids. However, there is a minimum fat oxidation
activity in the range of 0.18-0.32 a, values, so this
phenomenon would be limited (Bonazzi & Dumou-
lin, 2011). Counterintuitively, some authors have
reported that heating processes performed on meal-
worms (7. molitor), crickets (A. domesticus), and
locusts (Schistocerca gregaria and L. migratoria) led to
enhanced oxidative stability in comparison to other
methods, especially freeze-drying, likely due to the for-
mation of Maillard products during heating (Kroncke
et al., 2018; Lenaerts et al., 2018; Keil et al., 2022).

Proximate composition of cricket flour and nutritional
analysis

Energy (471 kJ) and proximate composition of the CF
are listed in Table SI. The major constituents were
crude proteins (61.2%) and fats (24.5%). The rest was
distributed into TDF (8.3%), ashes (4.5%), and avail-
able carbohydrates (1.5%). These data are consistent
with data for the Gryllidae family reported elsewhere
(Rumpold & Schliiter, 2013; Soares Araujo et al., 2019).

Minerals

The CF mineral profile was collected to further investi-
gate the presence of macro, micro, and oligo-clements
(Ca, K, Mg, Na, P, Cu, Fe, Mn, Zn, Co, Mo, Se, I) as
well as some heavy metals and other minerals (Al, Cr,
Ni, Pb, Cd, As) potentially harmful to consumers
(Table 1).

It was found that the K concentration of the CF
was higher than the highest value found in the litera-
ture (1500 mg/100 g, Rumpold & Schliiter, 2013).
Although there is wide variability in the mineral con-
tents among studies, all the other measured minerals
and elements were in the ranges reported by several
authors for the Gryllidae family (Rumpold &
Schliiter, 2013; Zielinska et al., 2015; Soares Aradjo
et al., 2019; Koseckova et al., 2022).

From the recommended dietary allowances (RDA)
and the adequate intakes (AdI) published elsewhere
(Oria et al., 2019), consuming 25 g of dry CF would
contribute significantly to the RDA of P, Cu, Fe, Zn,
Mo, and Se; and the AdI of Mn.

No As or Cd was detected in CF, but some concen-
trations of Al Cr, Ni, and Pb were, so adopting
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Table 1 Mineral profile of CF, recommended mineral intakes,
and CF’s mineral contribution

CF mineral

CF® RDA or AdI® contribution®
Ca 68 + 2 1000-1300 1.3-1.7
K 1914 + 88 2600-3400* 14.1-18.4
Mg 91.10 + 0.02 310-400 5.7-7.4
Na 415.0 + 0.1 1500* 6.9
P 880 + 14 700 315
Cu 1.71 £ 0.05 0.9 47.4
Fe 7.0 +£ 0.3 8-18 9.7-21.8
Mn 2.23 + 0.09 1.6-2.3* 24.2-34.8
Zn 15.2 £ 0.9 8-11 34.6-47.6
Al 1.56 + 0.00 — —
Cr 0.08 + 0.01 0.020-0.035* 54.3-95.0
Ni 0.06 + 0.01 — —
Pb 0.09 £+ 0.01 — —
Cd nd — —
Co nd — —
Mo 0.058 0.045 32.1
Se 0.026 0.055 12.0
| nd — —
As nd — —

nd, not detected.

@Cricket flour, in mg/100 g, dry basis.

PRecommended dietary allowances or adequate intakes (values fol-
lowed by *): males and females (19-65 years old), in mg. From Oria
et al. (2019).

°%RDA or Adl covered by 25 g (dry) of CF.

policies regarding these hazardous chemicals is recom-
mended when producing ingredients derived from
insects. However, the concentration of Pb found in CF
(0.09 mg/100 g = 0.009 ppm) was lower than the dif-
ferent limits established by the MERCOSUR Guide-
lines for cereals and cereal flours, animal foods, and
edible ice (MERCOSUR, 2011).

Nitrogen compounds

Proteins, amino acids, and chitin. The analysis of nitro-
gen compounds in insect samples is important due to
the significant presence of non-protein nitrogen com-
pounds, particularly chitin. The total nitrogen (Nt) mea-
sured by the Kjeldahl method was 9.80 g N/100 g CF
(db). In most food samples, using the Nt value and a
nitrogen-to-protein conversion factor would give a crude
protein value close to the actual protein content due to
the negligible presence of non-protein nitrogen com-
pounds. For whole insect samples, using the Nt value
for calculating the protein content would lead to unde-
sirable overestimations (Jonas-Levi & Martinez, 2017).
A better approach to more accurate protein and
protein nitrogen (Np) values can be achieved using the
amino acid profile by HPLC (Table 2). According to
the results, the protein content of the CF based on the

© 2024 Institute of Food Science & Technology (IFST).
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Table 2 Indispensable amino acids profile of cricket flour

CF®>  CF protein® FAO (2007)° AAS® ePDCAASY
Phe + Tyr 596  121.62 22 5.53 3.73
Phe 479  97.67 — — —
Tyr 1.18  24.06 — — —
Hys ND  ND 15 ND ND
lle 2.07 42.23 30 1.41 0.95
Leu 5.23  106.66 59 1.81 1.22
Lys 3.49  71.22 45 1.58 1.07
Met + Cys  2.83 57.22 22 2.62 1.77
Met 121 24.67 16 1.54 1.04
Cys 1.62  33.03 6 5.51 3.72
Thr 114 23.24 23 1.01 0.68
Val 171 3477 39 0.89 0.60
Trp 0.91 18.47 6 3.08 2.08

ND, Non-detected.

®Expressed as g amino acid per 100 g CF (% w/w), dry basis.
PExpressed as mg amino acid per g CF protein, dry basis.

°Amino acid score.

9Estimated protein digestibility corrected amino acid score (digestibility
factor: 0.674).

CF
Nt*  |Kjeldahl
Nt=Np = Nnp (Eq. S3)
Np* |HPLC
rd
Chitin | Nnp N- Nndp = Nelp (Eq. S4)
A S
Nndp Ndp

7Y
Nnd = Nnp = Nndp (Eq. S5)

Nnd*
R TDF

Kjeldahl

Figure 1 Nitrogen analysis from CF and the indigestible residue (R)
from the TDF method. The * symbol indicates experimental values.
Ndp, digestible protein nitrogen; Nnd, non-digestible protein; Nndp,
non-digestible protein nitrogen; Nnp, non-protein nitrogen; Np, pro-
tein nitrogen; Nt, total nitrogen. eqn S3-S5 are displayed in
Appendix S1.

amino acid count is up to 49.0 g/100 g CF (db), with
this value corresponding to 7.48 g N/100 g CF (db),
which is the protein nitrogen (Np). Then, given the
value of Nt obtained by Kjeldahl (9.80 g N/100 g CF,
db), the remaining 2.32 g N/100 g CF (db) would cor-
respond to non-protein nitrogen (Nnp), which is
assumed to be mainly chitin (Fig. 1).

Chitin is a polysaccharide composed of 2-acetamido-
2-deoxy-d-glucopyranose and 2-amino-2-deoxy-d-
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glucopyranose that can be found in nature with a vari-
able acetylation degree (Simionatto Guinesi & Gomes
Cavalheiro, 2006). This polymer can be found mainly
bonded with proteins, being part of the arthropod’s exo-
skeleton cuticle (Muthukrishnan et al, 2019). The
amount of this polysaccharide in the sample can be cal-
culated through the Nnp. However, given that the ratio
between the N mass in chitin and its molecular mass
depends on the acetylation degree (AD) of the polymer,
only a range of chitin concentration can be calculated
without an accurate knowledge of the chitin’s AD in
each particular sample. Assuming that chitin is defined
as a 0.5<AD <I1.0 polymer, typically 0.9 (Pillai
et al., 2009; Zargar et al., 2015), the range of chitin con-
centration in the CF is estimated to be 2.97-3.31 g
chitin/100 g CF (db).

In vitro protein availability. Analysing the sources of
nitrogen in the residues from the TDF determination
can provide even more information (Fig. 1). Assuming
that TDF residues are mostly composed by chitin and
proteins associated with it, that is, the non-digestible
fraction of the proteins (Manditsera et al., 2019), their
nitrogen content would be the sum of the non-protein
nitrogen (Nnp) and the non-digestible protein nitrogen
(Nndp). Furthermore, given that chitin is considered
an insoluble fibre (Zargar et al, 2015 Kim
et al., 2023), it is possible to assume that Nnp = nitro-
gen from chitin. Then, the Nndp and the nitrogen from
the digestible protein fraction (Ndp) can be calculated
by means of the eqn S3-S5.

Then, given the values of Nt and Nnd obtained by
the Kjeldahl method (9.80 and 4.76 g N/100 g CF
(db), respectively), the value of Np obtained by HPLC
(7.48 g N/100 g CF (db)), and the calculated Nnp
(2.32 g N/100 g CF (db), eqn S3), the values of Ndp
and Nndp were 5.04 and 2.44 g N/100 g CF (db),
respectively (eqn S4 and S5). This result suggests,
through eqn S6, that 67.4% of the protein nitrogen
would be available for absorption after the digestion,
given an approximate value of protein digestibility.
This result is in agreement with Turck et al. (2021),
who informed a protein digestibility of 67.3% for 4.
domesticus.

Analysis of the amino acids profile and nitrogen-to-protein
conversion factor. The proteins’ nutritional quality and
nitrogen-to-protein conversion factors depend on the
amount and proportion of their amino acids. The
indispensable amino acids profile of the CF is shown
in Table 2, while the complete amino acid profile is
shown in Table S2.

The proteins from CF are rich in aromatic amino
acids, such as phenylalanine, tyrosine, and tryptophan
(ePDCAAS >1). Moreover, they also contain high con-
centration of sulfurous amino acids, especially
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cysteine. Leucine and lysine are also adequately pre-
sent in CF proteins. Conversely, histidine was identi-
fied as the limiting amino acid since it was not
detected. Proteins from CF are also relatively low in
isoleucine, and very low in threonine and valine.

For comparison, and based on the amino acid pro-
files from different varieties of wheat cultivars (Han
et al., 2019; Siddiqi et al., 2020), it was found that CF
proteins had similar contents of minor amino acids,
namely valine and threonine. However, CF proteins
would be an adequate complement for increasing the
lysine and methionine contents of such cereal.

On the other hand, the data from the complete
amino acid profile can be introduced into eqn S8 and
S9 to obtain the conversion factors, which in this case
yielded values of Fy,_p, that is, the nitrogen-to-
protein conversion factor, of 4.97 and Fy,_,p, that is,
the pure protein conversion factor, of 6.54. These
values were similar to those reported elsewhere for dif-
ferent insect species, although there is a wide range of
variability depending on the study (Fy;_, p varies from
2.9 to 533, and Fy,_p from 549 to 6.0 for the
Orthoptera order) (Janssen et al, 2017, Mishyna
et al., 2019; Boulos et al., 2020; Ritvanen et al., 2020).
The difference between the two values is explained by
the Nmp fraction that in this case is as high as the
23.7% of the total N in the sample. Mosse (1990) pro-
posed that the average value between Fy,_,p and Fy,_,
p would give a more accurate general N-protein con-
version factor (Fy_p) since they represent the lower
and upper limits for the experimental conversion fac-
tors, respectively. In the case of the present study, the
calculated value for Fy_p was 5.76. Thus, using this
proposed conversion factor, the actual protein content
for CF was 56.4%.

Available carbohydrates

It is worth noting the low content of digestible carbo-
hydrates in CF, since the main carbohydrate is chitin,
a nitrogen polysaccharide with recognised benefits for
health that is generally assumed to be indigestible so it
would be included in the TDF. On the other hand, the
amount of carbohydrates not comprised in the TDF is
speculated to be part of the food remaining in the gas-
trointestinal tract of the specimens (Finke, 2002).

Fatty acid profile

Lipids supply energy and provide essential fatty acids,
impacting human health. Moreover, the lipid composi-
tion impacts food design since it modifies food palat-
ability and can influence in the shelf life of products.
Table S3 presents the fatty acid profiles of CF and
partially defatted cricket flours. CF’s main fatty acids
were linoleic (34.7%), oleic (27.7%), and palmitic
(25.9%) acids, which led to a polyunsaturated fatty
acids (PUFA)-to-saturated fatty acids (SFA) ratio,

© 2024 Institute of Food Science & Technology (IFST).
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2 PUFA/Z SFA ~1, and to a o-6/®-3 ratio ~40, the lat-
ter being far from the value generally recognised as
recommendable. However, these ratios are being ques-
tioned because they are too general and the effect on
health of all SFA or unsaturated fatty acids (UFA) is
not the same. For instance, it is generally considered
that all PUFA reduce the low-density lipoprotein cho-
lesterol (LDL-C) and that the opposite effect is caused
by SFA. However, a ‘raising effect’ has been proposed
as follows for SFA: myristic > lauric > palmitic >
medium-chain fatty acids > stearic (Calder, 2015).
Thus, other indices have been proposed that consider
the role of fatty acids, for instance, in lipid metabo-
lism, coagulation, and the risk of cardiovascular dis-
ease (Chen & Liu, 2020). Among these indices are the
atherogenic index (AI), the thrombogenic index (TI),
the hypocholesterolemic/hypercholesterolemic index
(HH), and the nutritive value index (NVI).

The Al for CF was 0.43 which is considered a low
value. Food products with low Al could contribute to
reducing the levels of serum cholesterol. Values of Al
ranging from 0.084 to 0.55 have been reported for
crops and 1.42-5.13 for dairy products (Chen &
Liu, 2020). Regarding edible insects, 4. domesticus
adult and larval forms presented values of 0.42 and
0.46, respectively (Orkusz, 2021), similar to those
reported in this study for adults of G. assimilis.

The TI of CF was low (0.93). TI provides a relation-
ship between the pro-thrombogenic fatty acids (SFA)
and the anti-thrombogenic ones (UFA) so higher TI
values are related to a greater contribution to clot for-
mation in vessels. Finally, the HH index reflects the
relationship between the fatty acids considered hypo-
cholesterolemic (oleic acid and PUFA) and the ones
considered hypercholesterolemic (SFA). Thus, higher
HH values are associated with a protective action
against cardiovascular disease. The HH value for CF
was 2.38 which is higher than the reported values for
lamb meat (1.92-2.01) and dairy products (0.32-1.29)
(Chen & Liu, 2020).

The oxidative stability is relevant in ingredients with
high lipid content and with a high level of UFA, such
as the CF. For this reason, the Cox parameter that
shows the tendency to oxidation was evaluated. Sam-
ples with higher Cox values are more prone to oxida-
tion and are less stable. The Cox of CF was high,
which reflected its rich content of UFA.

Organic solvent extraction: Lipid analysis of defatted
flours and oils

One-step CF extraction with ethanol, petroleum
ether, or hexane led to partially defatted CF (PDCF-
E, PDCF-P, and PDCF-H, respectively) and
impacted the fatty acid profile of defatted flours and
oils in different manners. Petroleum ether and hexane

© 2024 Institute of Food Science & Technology (IFST).
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showed a similar and higher capacity for extraction
than that of ethanol (extraction yields of 52.7%,
55.1%, and 37.0% for petroleum ether, hexane, and
ethanol, respectively).

The Al of PDCF-E was slightly but significantly
increased with respect to CF, showing that UFA was
extracted to a greater extent than SFA, while a slight
reduction of AI was observed when CF was defatted
with hexane and petroleum ether. However, in all
cases, the Al values are considered low.

The TI of CF and defatted flours was low in all
cases (0.81-0.99) but the flours obtained using hexane
and petroleum ether presented significantly lower
values. Finally, the HH values of PDCF-P and
PDCF-H were slightly but significantly higher than
CF and PDCF-E, showing an improved fatty acid
profile.

Regarding oxidative stability, the Cox values were
between 3.81 (PDCF-E) and 5.84 (PDCF-H), which
reflected the higher content of SFA of PDCF-E and
the higher level of UFA in PDCF-H. Although these
values are high, other factors such as the presence of
antioxidants and the handling conditions can modify
this predisposition to oxidation. In addition, in the
partially defatted flours (PDCF) this process could be
less relevant due to the lower lipid content (~9.1-
13.5%).

The lipid profile of extracted fats and the derived
indices is shown in Table S4. The UFA were the pre-
dominant, being the linoleic acid the principal, fol-
lowed by the oleic and palmitic acids. The Al and
the TI of all the samples were low enough, and the
HH high enough, to predict a positive effect on
health.

Finally, the high Cox values predict short-medium
oxidation stability. This susceptibility to oxidation can
be improved by the action of antioxidants and ade-
quate storage conditions.

Organic solvent extraction: CF and defatted flours
techno-functional properties

The WHC and OAC are parameters relevant to pre-
dicting the effects on food formulations.

Cricket flour presented a WHC significantly different
from all PDCF (Fig. 2a). The extraction with ethanol
led to a slight reduction of WHC while extraction with
petroleum ether and hexane led to a slight increase.
Mokaya et al. (2024) extracted proteins using polar
solvents (water or alkaline solution) on hexane-
defatted flours from Gryllus bimaculatus, Gynanisa
maja, and Gonimbrasia belina. The authors found a
significantly higher WHC value for the G. bimaculatus
protein extract as the efficiency of the protein extrac-
tion was also higher, likely due to the higher protein
concentration of this sample, and stated that
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(a) 2.5

g of water or oil/g sample

CF PDCF-P

(b) 40

BWHC
BOAC

PDCF-H PDCF-E

35

30

25

20

BI

15

10

Figure 2 Techno-functional properties of CF and partially defatted flours. (a) water-holding capacity (WHC) and oil absorption capacity
(OACQ); (b) browning index (BI). Different letters in the same group of bars indicate significant differences (P < 0.05).

remaining lipids can block the access of water to
hydrophilic parts of the proteins. In the case of CF,
defatting with ethanol led to the lowest extraction effi-
ciency of lipids, thus resulting in a PDCF with propor-
tionally less protein and more lipids that led to a
lower WHC value. The opposite would be valid for
PDCF-H and PDCF-P, which presented lipid extrac-
tion efficiencies higher than 50%.

The OAC is a parameter that is related to the con-
tribution of an ingredient to food palatability, mouth
feel, and flavour retention. As expected, the PDCF
presented a higher ability to retain oil than CF, which
was reflected in higher values of OAC for all the
PDCF (Fig. 2a), as the hydrophobic sites of the CF
proteins (composed of 45%, 42%, and 13% of
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hydrophobic, hydrophilic, and amphipathic amino
acids, respectively) would be more accessible in the
PDCEF to interact with oil after the endogenous lipids
were extracted.

Figure 2b shows the colour indices calculated from the
CIE L*a*b* colour space. The browning index (BI),
which is related to the brownish purity, was slightly mod-
ified by ethanol extraction (PDCF-E) with respect to CF,
but considerably reduced in PDCF-H and PDCF-P. This
behaviour was also reflected in the values of AE*, which
were significantly higher for PDCF-H and PDCF-P
(15.7 £ 1.3 and 16.7 £ 0.6, respectively) in comparison
to PDCF-E (2.6 £ 0.8). The results suggest that samples
defatted with hexane and petroleum ether would be per-
ceived as having a different colour in comparison to CF
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by the human eye since AE* was higher than 3, while the
one defatted with ethanol would be perceived as the same
colour as CF (AE* < 3) (Martinez-Cervera et al., 2012).

Conclusions

The chemical evaluation of cricket flour (CF) from G.
assimilis and its derivatives demonstrated the high
nutritional value of the samples, characterised by
abundant proteins and lipids. The amino acid profile
of CF showed an adequate amount of essential amino
acids, and allowed us to calculate a conversion factor
of nitrogen content to protein mass for G. assimilis
flour for the first time. Moreover, an experimental
design combining amino acid profile, total nitrogen,
and TDF was proposed for discriminating nitrogen
fractions and estimating protein digestibility.

This study demonstrated that lipids in CF have ben-
eficial  nutritional  properties, and that the
techno-functional properties of CF can be modified by
a one-step defatting process. Entomophagy, the prac-
tice of eating insects, is gaining popularity in Western
countries so any efforts to investigate such products
are beneficial to its widespread adoption.
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