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Abstract

Edible insects represent an emerging and sustainable alternative in human nutrition, charac-
terized by their high protein and fiber content, along with a lipid profile rich in unsaturated
fatty acids. This study evaluated the technological feasibility and impact of incorporating
Acheta domesticus powder (10% and 20% as a substitution of pork meat) into patties, assess-
ing their proximate composition, physicochemical properties, texture profile (TPA), cooking
characteristics, and sensory acceptance. Cricket powder (ADP) increased protein and fiber
in the meat product, improved texture and reduced cooking losses. Reformulation with
20% substitution led to significant changes in composition, physicochemical properties,
and texture and decreased sensory acceptance, while 10% substitution achieved higher
sensory ratings with improved nutritional benefits. In conclusion, optimizing the color of
these products is essential to enhance consumer acceptance and promote the development
of novel formulations based on insect-derived alternative proteins.

Keywords: Acheta domesticus; edible insect; powder; patty; meat substitution; sustainable;
novel food; protein

1. Introduction

The increasing demand for sustainable, nutritious, and functional food sources has
brought alternative proteins, such as edible insects, to the forefront of scientific and tech-
nological interest [1]. This emerging resource offers great potential for responding to the
challenges associated with global population growth and the progressive limitation of
traditional cattle farming resources in the future. Several studies suggest that, in the com-
ing decades, food sovereignty will face severe pressure due to the sustained increase in
demand for animal protein. The world’s population is expected to continue growing over
the coming 50 or 60 years, reaching a peak of around 10.3 billion people in the mid-2080s, up
from 8.2 billion in 2024, which will intensify pressure on resources and food systems. This
rising demand, coupled with factors like climate change and urbanization, requires a global
shift towards sustainable food production to meet the needs of a population potentially
reaching nearly 10 billion by 2050 [2]. To meet the increasing food needs of a rising global
population, various alternative protein sources have emerged as potential replacements
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for traditional meat proteins. These include plant-based meats [3], lab-grown or cultured
meats [4], protein derived from microorganisms [5], and edible insects [1].

Regulation (EU) 2015/2283 of the European Parliament and of the Council includes whole
insects and their parts within the definition of ‘novel food’ [6]. Likewise, the European Food
Safety Authority (EFSA) also published a scientific opinion on their consumption, identifying
several species with high potential for use as food for both humans and animals [7]. In the
field of food technology, this emerging resource has gained prominence, driving new research
and the development of innovative products, either in hybrid formulations or in those in
which insect powders are used to enrich the nutritional profile or partially replace ingredients
in similar products. Nutritionally, edible insects are a food source of high nutritional value,
characterized by their significant contribution of protein as the main component, fat, vitamins,
fiber, and minerals, respectively [8]. However, their nutritional composition can be subject to
considerable variations depending on the insect species, stage of development, type of diet,
geographical area of origin, and analytical methods used [9].

Among all edible insects, the house cricket (Acheta domesticus) has emerged as one
of the most promising alternatives for the food industry due to its high protein content
(60-70% on a dry-weight basis) and substantial contribution of unsaturated fatty acids,
particularly polyunsaturated fatty acids (PUFAs) such as omega-6, which predominate
over omega-3 [10]. In addition, cricket powder is rich in linoleic (C18:2) and oleic (C18:1)
fatty acids. It also provides a significant amount of total dietary fiber [6], micronutrients
and essential amino acids, such as iron, zinc, calcium, biotin, riboflavin and pantothenic
acid [11-13]. In addition, its cultivation is highly efficient in terms of feed conversion and
requires less water, land, and energy compared to conventional livestock farming, which
reinforces its value as a sustainable ingredient [8,13,14].

To minimize consumer aversion to eating insects (entomophobia) while retaining
their nutritional benefits, they can be integrated into various food products-such as meat
products or analogues, in the form of finely ground powder, making their presence less
apparent. Therefore, products such as patties are an ideal food matrix for evaluating the
impact of cricket powder on nutritional, physical-chemical, and sensory properties, as well
as for exploring its acceptance by consumers. This field of research presents benefits and
challenges. However, it has been shown that adding cricket powder to meat products, either
as a substitute for animal proteins or as an enrichment, provides various technological
benefits, as it improves gelation and emulsification capacity [15].

The synergy of its nutritional and technological benefits, together with the intrin-
sic sustainability of its production, improves the development of meat products with a
healthier profile and a lower environmental impact than their traditional equivalents. In
this context, the present study aims to evaluate the technological, physico-chemical, and
sensory feasibility of incorporating common cricket powder (Acheta domesticus) into the
reformulation of patties. The objective is to determine its potential as a fortifying ingredi-
ent in a meat product widely accepted by consumers, assessing its impact on nutritional
composition, technological properties, and organoleptic characteristics.

2. Materials and Methods
2.1. Raw Materials

Acheta domesticus powder (ADP: A. domesticus dried and milled) was supplied by Origen
Farms, S.L. (Albacete, Spain), an authorized supplier of edible insects. According to the
nutritional label, the ADP contains 69.41% protein, 19.49% fat, 9.36% carbohydrates, and 6.09%
total dietary fiber (TDF). Meat ingredients (pork lean meat and pork backfat) were provided
by a local butchery (Orihuela, Spain) and transferred to the food pilot plant at the Institute
of Agri-Food and Agri-Environmental Research and Innovation of the Miguel Herndndez
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University (CIAGRO-UMH, Orihuela, Alicante, Spain) and stored in refrigeration until use
(4 £ 2 °C). Salt and black pepper were supplied by Rivers S.L.U. (Orihuela, Alicante, Spain).

2.2. Formulation and Manufacturing of Pork Patties with Cricket Powder

Three different batches were produced. Regular formulation containing 70% lean meat
and 30% fat meat was used as control (CT). The other two batches were formulated with
the replacement of 10% and 20% of lean meat by Acheta domesticus powder (ADP) and were
called ADP10% and ADP20%, respectively. The formulation of each batch is shown in
Table 1 (only meat ingredients and the insect powder add up to 100%; the amounts of the
other non-meat ingredients and spices are related to the total meat content).

Table 1. Formulation of pork patties [control and with partial lean pork meat replacement (10% and
20%) by Acheta domesticus powder (ADP)].

Ingredients CT ADP10% ADP20%
Lean pork meat (g) 70 60 50
Pork backfat (g) 30 30 30
ADP (g) 0 10 20
Crushed ice (g/100 g) 7.5 7.5 7.5
Salt (g/100 g) 15 15 15
Black pepper (g/100 g) 0.05 0.05 0.05

CT: control; ADP10%: 10% lean pork meat substitution by A. domesticus powder; ADP20%: 20% lean pork meat
substitution by A. domesticus powder. Only meat ingredients and insect powder add up to 100%.

The patties were prepared in the food pilot plant at the CTAGRO-UMH. ADP, salt,
and pepper were weighed for each formulation. Meat raw materials were removed from
refrigeration (4 + 1 °C), weighed individually, and conditioned by adding cold water. This
step facilitates protein solubilization and maintains the temperature of the meat, thereby
minimizing smearing caused by frictional heating. Salt, cricket powder (excluded in the
control batch), and pepper were sequentially incorporated, followed by constant mixing
for 5 min until complete homogenization. The homogenized mixture from each batch was
divided into 30 £ 2 g portions and shaped into circular patties (7 cm diameter) using a
patty former. Patties were placed in individual zip-lock bags, labeled, and stored under
refrigeration (4 & 1 °C) until analysis. The whole process was repeated three times on
different days.

For cooked patties analyses, samples were cooked on an electric griddle until reaching
an internal temperature > 72 °C, according to the procedure established by the American
Meat Science Association [16].

Figure 1 shows the pork patties [control and with partial lean pork meat replacement
(10% and 20%) by Acheta domesticus powder (ADP)], both raw and cooked.

" 90 00 0@

Cooked . ‘ . . .
cT

ADP10% ADP20%
Figure 1. Visual appearance of pork patties (raw and cooked) made with ADP as a partial lean pork

meat replacement. CT: control patties with traditional formulation; ADP10%: patties with 10% cricket
powder; ADP20%: patties with 20% cricket powder.
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2.3. Analysis of Acheta domesticus Powder
2.3.1. Techno-Functional Properties

The techno-functional properties, water-holding capacity (WHC), swelling capacity
(SWCQ), oil-holding capacity (OHC), gelling capacity (GC), emulsion ability (EA), and emul-
sion stability (ES) were assessed, following the methodology described by Lucas-Gonzélez
et al. [17]. All these measurements were done in triplicate at each sampling (n = 3).

232 pH

The pH was measured in a water solution (solid: liquid ratio 1:10 g/mL) after 20 min
of magnetic stirring with a pH meter (Model 507, Crison Instruments SA, Barcelona, Spain).
The instrument was calibrated prior to each measurement series using pH 4.01 and 7.00
standard solutions. The pH measurements were done in triplicate at each sampling (n = 3).

2.3.3. Color Properties

Color was evaluated using a Minolta CM-700 spectrophotocolorimeter (Minolta Cam-
era Co., Osaka, Japan) under the following conditions: 10° observer angle, D65 illuminant,
11 mm illumination aperture, and 8 mm measurement aperture. The instrument was
calibrated prior to measurements following the manufacturer’s instructions using a cali-
bration plate (ID 70016895) with white (L*: 99.41 a*: —0.10 b*: —0.07) and black (L*: 0.03
a*: 0.00 b*: —0.03) standards. Color was recorded in the CIELAB space, obtaining lightness
(L), redness (a*), and yellowness (b*) coordinates. From these values, additional color
parameters were calculated: chroma or saturation index [C* = (@*2 + b*2)1/2] and hue
angle [H* = arctan(b*/a*)] according to Reyes-Garcia et al. [18]. Six measurements for each
sample (n = 3) were performed. Furthermore, reflectance spectra were recorded for each
sample at 10 nm intervals between 360 and 740 nm.

2.4. Analysis of Pork Patties with Cricket Powder
2.4.1. Proximate Composition

Moisture content was assessed using the oven air-drying method, ash content by
mutffle furnace incineration, protein content through the Kjeldahl procedure, total dietary
fiber content by the enzymatic-gravimetric method, and fat content by Soxhlet extraction,
all these according to AOAC Official Methods [19]. Each determination was carried out in
triplicate for each sample (n = 3).

2.4.2. Physico-Chemical Properties

Water activity (aw) was measured at 25 °C using a NOVASINA TH200 digital hygrom-
eter (Novasina; Axair Ltd., Pfaeffikon, Switzerland). Each determination was carried out in
triplicate for each sample (n = 3).

The pH of the meat patties was directly measured using a puncture electrode (Hach
5233, Hach-Lange S.L.U., Vésenaz, Switzerland) connected to a pH meter with auto-
matic temperature compensation (SensION™ + pH 3, Model 510, Crison Instruments
S.A., Barcelona, Spain). The instrument was calibrated prior to each measurement series
using pH 4.01 and 7.00 standard solutions. Each determination was carried out in triplicate
for each sample (n = 3).

The color of the meat patties was assessed as the same protocol described in
Section 2.4.3. Furthermore, additional color parameters were calculated such as color
differences [AE* = (AL*? + Aa*? + Ab*2)!/2] with respect to the control patty, and redness
index (RI), according to American Meat Science Association guidelines [16].
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2.4.3. Texture Properties

Texture Profile Analysis (TPA) of cooked patties was performed using a TA-XT2i
texture analyzer (Stable Micro Systems, Godalming, UK). Portions of approx. 2 X 2 x 1 cm
were compressed twice to 75% deformation at a constant speed of 1 mm/s at room tem-
perature, and hardness (N), elasticity (mm), cohesiveness, gumminess (g), and chewiness
(N x mm) were determined [20]. Each determination was carried out in triplicate for each
sample (n = 3).

2.4.4. Cooking Properties

Cooking quality of the patties was assessed through three parameters: cooking loss,
which quantifies the loss of liquids during cooking and shrinkage, which evaluates the
reduction in diameter after cooking. The formulas for these properties are presented in
Equations (1) and (2), respectively [21]. Results are expressed as percentages based on three
replicates for each independent sample (n = 3) per treatment. The cooking process was
standardized across all formulations: raw patties were cooked for three minutes on each
side on a preheated grill until reaching an internal temperature of 72 °C. Samples were
then allowed to rest at room temperature for 15 min prior to analysis.

Weight raw patty — Weight cooked patty < 10

Weight raw patty 0 @

Cooking loss (%) =

Diameter raw patty — Diameter cooked patty 1

Shrinkage (%) = Diameter raw patty

00 (2)

2.4.5. Sensory Analysis

A hedonic sensory test was carried out with 50 untrained panelists (67% male, 33% fe-
male), primarily students and some faculty members. The evaluation was conducted at the
Sensory Analysis Laboratory of CIAGRO-UMH (Orihuela, Spain), following international
standards. This study received approval from the Responsible Research Office at Miguel
Hernédndez University (OIR-Reg. 231129141204, UMH, Elche, Alicante, Spain). Attributes
assessed included overall appearance, color, hardness, juiciness, crumbliness, overall flavor,
and bitterness, using a 9-point hedonic scale (1 = dislike extremely; 9 = like extremely).
Demographic information, consumption frequency, general opinion, and preference for
most and least liked samples were also recorded.

2.5. Statistical Analysis

Data were analyzed by one-way analysis of variance (ANOVA), and post hoc com-
parisons were performed using Tukey’s test at a 95% confidence level, employing SPSS
software (version 24.0, SPSS Inc., Chicago, IL, USA). Means and standard deviations are
presented in the respective tables and figures.

3. Results and Discussion

3.1. Properties of Acheta domesticus Powder
3.1.1. Techno-Functional Properties

The techno-functional properties, such as water-holding capacity, oil-holding capacity,
swelling capacity, emulsifying ability, gelling capacity, and emulsion stability, are critical
indicators for assessing whether a new ingredient can be effectively used in food formu-
lations. The evaluation of these attributes provides valuable insights into the expected
behavior of the ingredient within the food matrix and its potential interactions with major
structural components such as water, lipids, carbohydrates, and fibers [22,23]. WHC and
OHC are related to the ability to take up water and oil, respectively. SWC, in particular,
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is defined as the ability of ingredients, particularly those containing polysaccharides or
fibers, to absorb water and expand in volume until reaching a stable equilibrium [24,25].
This characteristic reflects how fibers interact with water and the material’s porosity, which
in turn influences important aspects of the food product such as texture, viscosity, and
satiety [26]. On the other hand, GC, EA, and ES are especially important when evaluating
insect-based powders, as they indicate the protein’s capacity to create structural networks,
stabilize oil-water mixtures, and preserve the integrity of emulsions over time [27].

Table 2 shows the results for the techno-functional properties of ADP. In this case,
WHC was higher than OHC. Nevertheless, both of them showed similar values according
to other studies for edible insect powders (WHC: 1.8-3.8 g/g; OHC: 1.6-2.2 g/g) [28,29].

Table 2. Techno-functional properties (water -holding capacity-WHC, swelling capacity-SWC, oil-
holding capacity-OHC, gelling capacity-GC, emulsion ability-EA, and emulsion stability-ES) of Acheta
domesticus powder (ADP).

ADP
WHC (g water/g sample) 2.89 £0.10
OHC (g oil/g sample) 1.76 + 0.04
SWC (mL/g sample) 0.73 £ 0.42
GC (%) 56.67 + 5.77
EA (%) 66.67 = 2.89
ES (%) 77.47 £ 0.95

Data are presented as mean =+ standard deviation (n = 3).

Lucas-Gonzélez et al. [29] evaluated the influence of the drying process on the techno-
functional properties of Acheta domesticus powder, comparing freeze-dried and thermally
dried samples. Their findings showed that freeze-dried powder exhibited significantly
higher values across the evaluated properties compared to thermally treated samples
(p < 0.05). While the WHC of the heat-treated powder was similar to the values shown
in Table 2, the remaining techno-functional attributes of ADP were notably lower. This
variation may stem from several factors, including changes in protein structure [30], differ-
ences in surface hydrophobicity or lipophilicity, protein amphiphilic behavior [31], and the
specific type of thermal processing used [32]. In particular, the heat-induced unfolding of
proteins may expose hydrophobic amino acid residues that are normally hidden, increasing
hydrophobic interactions and altering protein performance at the air-water interface [29].
Nevertheless, the results shown in Table 2 are also consistent with those reported by Ndiritu
et al. [33], who investigated how extraction methods influence the techno-functional traits
of cricket protein concentrate, reporting a slightly lower WHC of 2.03 + 0.32 g water/g
sample. In contrast, the OHC observed in the current study was higher than that reported
for thermally dried Acheta domesticus powder by Lucas-Gonzélez et al. [29], and aligns
closely with the results observed by Kim et al. [34]. Furthermore, when compared to other
edible insects, the OHC of ADP remains higher than values reported for adult grasshoppers
(Zonocerous variegatus) and Westwood larvae powder (Cirina forda) [35].

The swelling capacity observed in this study was lower than the values previously
reported by Lucas-Gonzalez et al. [29], as well as those documented for various processing
conditions applied to Acheta domesticus powders, including fresh freeze-dried, partially
defatted, blanched—pressed—dried, and non-defatted samples [26]. In agreement with those
findings, SWC generally increases following specific processing treatments that enhance
both water- and oil-binding capacities, thereby contributing to improve texture and reduce
fat loss in different food matrices [24,26,36]. The lower SWC values reported in Table 2, in
comparison to samples processed under alternative conditions, may be attributed to the
pronounced influence of protein content and structural characteristics, such as the balance
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between hydrophilic and hydrophobic regions, spatial conformation, and the state of the
protein (native vs. denatured) [22,37].

On the other hand, gelation capacity, emulsifying activity, and emulsion stability
are key functional properties of insect-derived powders directly linked to textural qual-
ity, water and fat retention and, overall technological performance in food systems [38].
In the present study, ADP exhibited a GC of 56.67%, which exceeds values reported for
mixed vegetable—insect protein systems [38]. This improved gelation performance can
be attributed to the exclusive use of ADP, without dilution from other protein sources.
However, previous studies involving insect powders from Gryllodes sigillatus and Tenebrio
molitor subjected to high hydrostatic pressure reported no measurable gelation capacity [39].
Nonetheless, other studies reported that applying these types of technologies not only
improves the microbiological quality of the product, extending its shelf life [40], but may
also improve technological properties, specifically by increasing gelation capacity and
reducing syneresis in final products. In terms of emulsifying capacity, ADP reached a value
of 66.67%, which is slightly higher than that of freeze-dried cricket powder reported by
Lucas-Gonzélez et al. [29], and notably higher than the values observed for edible cricket
protein concentrates by Ndiritu et al. [33] (26.83%), and Kim et al. [34] (39.2-45%). Fur-
thermore, ADP exhibited the highest emulsion stability (77.47%; Table 2) when compared
with these previous studies. These differences in the techno-functional properties may be
attributed to the specific protein composition of ADP (soluble/insoluble protein) as well as
to conformational changes induced by processing, which enhance interfacial activity and
network formation [29,31]. Additionally, other components such as carbohydrates may
contribute to emulsion stabilization by increasing the viscosity of the system [31]. Thermal
treatment may also play a role, as it can expose previously buried amino acid residues,
enhancing surface activity and hydrophobic interactions, thereby improving both emulsion
formation and stability [32].

3.1.2. pH and Color Properties

Table 3 shows the pH and color properties of ADP. The pH value is particularly
noteworthy, as it closely aligns with the typical pH range of meat, which generally falls
between 5.8 and 6.1 [41]. The fact that ADP displays a pH similar to that of meat is of
particular relevance, as it suggests that its incorporation into the meat matrix is feasible
without shifting the isoelectric point of muscle proteins (pl = 4.5) [42]. Additionally, the
results obtained are consistent with those observed by Mokaya et al. [43], who found
similar pH ranges (5.70-6.88) in protein hydrolysates derived from edible insects, such as
caterpillars (Gynanisa maja and Gonimbrasia belina) and crickets (Gryllus bimaculatus), which
ranged from 5.70-6.88.

Table 3. pH and color properties of A. domesticus powder (ADP).

ADP
pH 5.99 £ 0.01
L* 33.94 + 2.06
a* 4.89 + 0.46
b* 9.28 +£1.20
(G 10.49 £ 1.27
H* 62.12 = 0.97

Data are presented as mean =+ standard deviation (n = 3).

With regard to its colorimetric properties (CIEL*a*b*), particular attention should be
given to the low lightness and the hue shift towards orange tones. These characteristics
may potentially induce noticeable pigmentation changes when the powder is incorporated
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into meat matrices [44]. Moreover, the chromatic properties of the powder are significantly
influenced by its particle size, which is itself dependent on the processing method applied.
Previous studies have demonstrated that the application of thermal treatments leads to
a reduction in particle size post-milling. Nonetheless, both freeze-drying and convective
drying processes likewise contribute to further particle size diminution [45]. Ando et al. [46]
investigated structural variations between hot air-dried and freeze-dried two-spotted
crickets (Gryllus bimaculatus), house crickets (Acheta domesticus), and silkworm (Bombyx
mori), and their subsequent effects on powder properties after grinding. Their findings
revealed that, in the case of cricket powders, the drying method exerted a greater influence
on color properties than did particle size, when tested at two levels (2 mm and 0.7 mm).
Freeze-dried cricket powders, including those from Acheta domesticus, exhibited superior
color quality, characterized by higher L* and b* values and lower a* values, resulting in
more orange-like hues [47]. These enhancements in color parameters were particularly
evident in powders ground to finer particle sizes (0.7 mm). This effect has been attributed
to the presence of fibrous tissues in crickets, which, through Van der Waals interactions
during grinding, facilitate the formation of finer particles and increase the total surface area
available for light reflection, thereby influencing visual appearance.

3.2. Characterization of Pork Patties with Cricket Powder
3.2.1. Proximate Composition of Patties

Table 4 shows the proximate composition of cooked patties (control and ADP added).
The incorporation of ADP into patties induced significant differences in their proximate
composition, with the exception of fat content (p > 0.05). Although the fat content was not
modified by the addition of ADP, it could be expected that its lipid profile was improved. It
is true that in this case, the lipid profile of the ADP was not determined, but based on other
studies, the lipid profile of A. domesticus shows more unsaturated and polyunsaturated
fatty acids than saturated [48,49].

Table 4. Proximate composition of cooked patties (control and ADP added).

Samole Protein Fat Ash Moisture TDF
P (/100 g) (/100 g) (/100 g) (g/100g) (/100 g)
CT 17.89 £ 025> 72241472  213+£008° 7238 +3.81°2 nd
ADP10% 2079 £085% 630 £0972 2444009 6856+ 114> 056+ 0.02°
ADP20% 2050 £1.072 691 +£1.58° 274+0032 6697 +013> 11140032

3¢ For each parameter, results followed by the same letter are not significantly different according to Tukey’s
post hoc HSD test (p > 0.05). Data are presented as mean =+ standard deviation (n = 3). CT: control patties with
traditional formulation; ADP10%: patties with 10% cricket powder; ADP20%: patties with 20% cricket powder;
TDF: total dietary fiber; nd: not detected.

Specifically, in a recent study of our research group about the characterization of
several insect powders, common cricket powder (Acheta domesticus) was highlighted by its
lipid profile in which polyunsaturated fatty acids (PUFAs) predominated over monoun-
saturated fatty acids (MUFAs), with linoleic acid (C18:2) and alpha-linolenic acid (ALA)
representing more than 95% of the PUFA fraction, and oleic acid (C18:1 cis) accounting for
over 90% of the MUFA fraction.

The addition of ADP at inclusion levels of 10% (ADP10%) and 20% (ADP20%) resulted
in a statistically significant increase in protein content (p < 0.05) relative to the control
formulation. This increase can be directly attributed to the high protein concentration
of the powder itself (69.41 g protein per 100 g of product). However, the total protein
content of ADP10% and ADP20% remained relatively similar. Although the proportion of
ADP increased by 10% between these formulations (Table 1), the proportion of lean meat
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simultaneously decreased, thereby partially replacing animal-derived protein with protein
of alternative origin.

The development of hybrid meat products is typically achieved by incorporating
proteins from plant-based or other alternative sources. However, the inclusion of plant-
based raw materials in general resulted in substantially lower protein values than the
inclusion of insect-derived raw materials [50]. Carvalheiro et al. [51] developed a Frankfurt-
type sausage incorporating relatively low inclusion levels of cricket powder (2.5%, 5%,
and 7.5%). The total protein content in these formulations reached up to 17.8. The patties
analyzed in the current study exhibited higher protein levels, as protein content was directly
proportional to the proportion of ADP incorporated. Accordingly, formulations containing
10% and 20% ADP yielded protein values close to 20% (Table 4). By contrast, the control
formulation (without ADP added) displayed a protein content of approximately 18%,
derived exclusively from pork meat. These results are consistent with previous findings,
where protein enrichment was shown to be directly proportional to the proportion of lean
meat replaced [34]. Accordingly, higher substitution levels led to increased overall protein
concentrations. Notably, the ADP20% formulation reported here demonstrated higher
protein levels than those previously described by both Carvalheiro et al. [51] and Kim
et al. [34], attributable to the 20% replacement of lean meat with ADP. Nevertheless, it is
important to acknowledge that variability in protein content may arise due to factors such
as insect species, developmental stage (larva or adult), climatic conditions, and geographic
origin [52], all of which influence the protein composition of the reformulated products.

Regarding moisture content, significant differences (p < 0.5) were observed between
patties containing ADP and the control formulation. During processing, the baseline water
addition was set at 7.5% (Table 1)—slightly higher than the 5% typically used in patties—to
facilitate the integration of ADP into the meat matrix (Figure 1). This adjustment was also
applied to the control samples to avoid the introduction of confounding variables. The
reduced final moisture content in ADP-containing patties is attributable to the substitution
of lean meat, which has a naturally high-water content.

With respect to ash content, significant differences (p < 0.05) were detected across all
formulations, directly influenced by the proportion of powder incorporated and the amount
of lean meat replaced. Higher inclusion levels of ADP yielded progressively greater ash
contents, with the highest values corresponding to the ADP20% samples. Similar increases
were reported by Carvalheiro et al. [51], who attributed this trend to the intrinsic mineral
fraction of the powder. In contrast, Kim et al. [34] reported ash contents of approximately
2% when 10% of lean meat was substituted with cricket powder. Their findings further
indicated that ash content reached its highest level (5%) when both lean meat and fat were
simultaneously replaced, underscoring the significant impact of the substitution strategy
on the mineral profile of meat-based products.

Regarding total dietary fiber (TDF), statistically significant differences were observed
between the formulations (p < 0.05), with patties containing 20% Acheta domesticus powder
(ADP20%) exhibiting higher TDF levels compared to those formulated with 10% ADP
(ADP10%). As can be observed in Section 2.1, ADP contains 6.09 g of fiber per 100 g, a value
that exceeds that of other edible insect powders such as Tenebrio molitor (5.1 g/100 g), which
has previously been utilized to enhance the fiber content of bakery products [53]. The
addition of ADP into patties led to a concentration-dependent increase in TDF, a notable
outcome considering that conventional patties (CT) contain no dietary fiber. Although
the inclusion levels used in this study were insufficient to meet the regulatory thresholds
required to label the patties as a “source of fiber” or “high in fiber” [54], the enrichment
with ADP still contributes meaningfully to dietary fiber intake, potentially improving the
overall nutritional quality of the product.
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3.2.2. Physico-Chemical Properties of Patties

Table 5 shows the physico-chemical properties of both raw and cooked patties. Sig-
nificant differences in pH (p < 0.05) were observed only in CT of both raw and cooked
patties. No significant differences (p > 0.05) were detected among the patties supplemented
with ADP. However, when compared to the control, the ADP-added samples consistently
exhibited lower pH values. These findings align with those reported by Kim et al. [34],
who evaluated the impact of cricket powder addition in sausages. As shown in Table 5, the
partial replacement of lean meat with ADP resulted in only minor pH variations in both
raw and cooked patties. This outcome can be attributed to the comparable pH values of
commercial cricket powders (5.99 + 0.01; Table 3) [43] and meat [41].

Table 5. Physico-chemical properties of patties (raw and cooked).

Raw Cooked
Sample CT ADP10% ADP20% CT ADP10% ADP20%

pH 565+0062 552+007° 546+0.04P | 585+0052 581 +002% 576+002P
Aw 0.97 £0.0022  0.97 +£0.0032  0.96 4 0.001 2 - - -

L* 4892 +6.122  4154+223P> 4037 +331P | 51.91 +£4.092 38.64+238" 37.01+1.89P
a* 203+1212 24340452 19840412 | 512+2552 345+086° 195+065P
b* 799 +£2792  583+126° 353+181°¢ | 13.89+2832 497+161P 219+185¢
C* 8.46 +2.982 634+12P 41+172¢ 14.9 + 3.382 61+16" 3.02+1.8¢
H* 7337 £8522  66.84+5502 57.68+10.6P | 70.66 +6.732 5387 +9.03P 40154+ 1636°¢
AE* - 7.84+2222  9.78+3392 - 16.14 +2.62° 1924+ 2522
RI 031+015> 0434011 067+0312 | 036+0.14> 076+026° 155+1282

3¢ For each parameter, results followed by the same letter are not significantly different according to Tukey’s post
hoc HSD test (p > 0.05). Data are presented as mean =+ standard deviation (n = 3). CT: control patties with traditional
formulation; ADP10%: patties with 10% A. domesticus powder; ADP20%: patties with 20% A. domesticus powder.

Water activity (Aw) was measured exclusively in raw patties, as it is a key parameter
associated with microbial stability and shelf life. No significant differences (p < 0.05) were
observed across formulations, indicating that the replacement of lean meat with ADP did
not substantially affect this property. In any case, further studies to evaluate whether the
addition of ADP would affect the shelf-life of the patties should be addressed.

With respect to colorimetric parameters, significant differences were observed in all
of them, in both raw and cooked patties, as a result of ADP addition. For the lightness
value (L*), the control patties exhibited higher values compared to those containing ADP,
regardless of cooking status. This indicates that ADP incorporation contributes to a darker
appearance in the final product.

No significant differences were observed between the ADP10% and ADP20% formula-
tions, indicating that L* was not influenced by the percentage of powder incorporated. For
the red-green coordinate (a*), raw patties did not differ significantly among formulations.
However, in cooked patties, significant differences were observed between the control and
the powder-added samples (ADP10% and ADP20%). Specifically, cooked patties contain-
ing ADP exhibited lower a* values than the control, whereas raw patties showed similar
values across all formulations. These findings are consistent with Cavalheiro et al. [51],
who reported a reduction in a* values with increasing concentrations of cricket powder in
Frankfurt sausages. Regarding the yellow-blue coordinate (b*), all formulations differed
significantly from one another, in both raw and cooked samples. Incorporation of ADP
consistently decreased b* values, with a more pronounced reduction corresponding to
increasing powder inclusion levels (p < 0.05). These trends in L* and b* correlates with the
total color differences (Table 5) relative to the control sample. Cooked patties exhibited
greater overall color differences than raw patties. Color changes in meat products due to
cooking are commonly associated with protein denaturation, Maillard reactions, and other
thermal-induced modifications. These effects appear to be more pronounced in samples
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containing cricket powder, likely due to the additional contribution of Strecker degradation
during thermal processing. Both Maillard reactions and Strecker degradation generate
dark-colored compounds [55], particularly in the final phase of Maillard chemistry, where
advanced glycation end products undergo polymerization into high-molecular-weight
melanoidins—compounds largely responsible for the post-cooking darkening observed in
ADP-enriched patties [56,57]. Chroma (C*) values for both raw and cooked patties followed
trends similar to those of the b* coordinate, decreasing with the incorporation of ADP.
This reduction was concentration-dependent, with higher ADP levels producing lower C*
values. Previous studies have reported similar effects in meat products, where the addition
of non-meat ingredients leads to a decrease in color saturation [58]. Hue angle (H*) was also
affected by ADP addition. In raw patties, the hue shifted from yellow-orange to red-orange
tones, while in cooked patties, red-orange hues were predominant [47]. The redness index
(RI) showed statistically significant differences only in the ADP20% formulation, which
contained the highest proportion of cricket powder (ADP) and showed the most intense
red coloration compared with the control and ADP10% samples.

These results for lightness and total color differences (AE*) of ADP10% and ADP20%
are consistent with findings from Han et al. [59], who studied hybrid sausages formulated
with varying levels (1%, 2.5%, and 5%) of cricket powder. Their study reported progressive
reductions in both L* and AE* values with increasing insect powder concentration, resulting
in darker products compared to the control. Such color changes can be attributed to the
intrinsic pigmentation of edible insects like Acheta domesticus, which predominantly exhibit
dark brown, black, or yellow tones depending on the species. These hues are mainly
associated with cuticular proteins containing melanin [60]. Additionally, differences in
endogenous pigment composition, such as carotenoids (responsible for red, orange, and
yellow hues) and melanin (linked to brown and black coloration), further influence product
color. While chitin is not a pigment, its presence may contribute to visual darkening
effects [61]. Consequently, even at relatively low levels, insect powder can markedly
alter the visual appearance of meat emulsions. These findings underscore the importance
of considering color attributes during the formulation of insect-enriched meat products,
especially in the context of consumer acceptance.

Figure 2 shows the reflectance spectrum of ADP and the formulated patties in both raw
and cooked states. The results clearly demonstrate how the incorporation of ADP alters the
characteristic meat spectrum observed in the raw control patty, which is primarily associated
with the oxymyoglobin spectrum [62]. With ADP addition, the spectral profile increasingly
resembles that of ADP itself. Even the spectral changes induced by cooking (such as those
observed in the cooked control patty spectrum) are largely masked by the presence of ADP.
This masking effect is commonly observed when non-meat ingredients are incorporated
into meat products. For instance, the addition of paprika to sausages such as “chorizo”
or “sobrasada” similarly modifies the final product’s reflectance spectrum, making it more
similar to that of the paprika, rather than of the original meat matrix [63]. These findings
underscore the importance of reflectance spectroscopy as a tool for evaluating the visual
and compositional changes that occur in meat products due to ingredient substitution. In
particular, spectral regions between 520-580 nm and in the red zone (above 650 nm) are highly
responsive to thermal processing and formulation changes, as also noted in previous studies
on various meat systems [15]. Beyond simple reflectance analysis, spectroscopic techniques
have proven effective for detecting the inclusion of insect-derived ingredients in complex food
matrices. Differences in absorbance at specific wavelengths can indicate the presence of insect
protein, highlighting the potential of such techniques for monitoring formulation changes and
supporting quality control in meat-based products containing alternative proteins [64].
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Figure 2. Reflectance spectrum of cricket (A. domesticus) powder (ADP), and patties (raw and cooked).
CTRB: control raw patties; ADP10%RB: raw patties with 10% ADP; ADP20%RB: raw patties with
20% ADP; CTBC: cooked control patties; ADP10%CB: cooked patties with 10% ADP; ADP20%CB:
cooked patties with 20% ADP.

3.2.3. Texture Profile (TPA) of Patties

Table 6 shows the results obtained for the textural properties in cooked patties (control
and with ADP added).

Table 6. Texture profile (TPA) of cooked patties (control and with cricket powder added).

Samole Hardness Elasticity Cohesiveness Gumminess Chewiness
P (N) (mm) ©® (N.mm)

CT 43.214+580% 0.30 £0.02° 0.5540.04 % 2395+ 4412 71+1.08%

ADP10% 46.89 - 27.06 2 0.38 +£0.022 0.37 £0.03° 17.28 £10.20 2 6.57 +3.88%

ADP20% 59.79 £7.26° 032 +£0.01° 0.40 +0.03° 23.63 £3.48% 7.64 £1.07%

&b For each parameter, results followed by the same letter are not significantly different according to Tukey’s
post hoc HSD test (p > 0.05). Data are presented as mean =+ standard deviation (n = 3). CT: control patties with
traditional formulation; ADP10%: patties with 10% cricket powder; ADP20%: patties with 20% cricket powder.

Regarding hardness, gumminess, and chewiness, no statistically significant differ-
ences (p > 0.05) were detected among the different formulations. However, the ADP20%
formulation exhibited the highest values for hardness, and chewiness, although these
differences were not statistically significant (p > 0.05). This trend can be attributed to
the higher proportion of cricket powder incorporated, which increased the solid content
of the mixture and, after cooking, resulted in a firmer (harder) texture. Consequently,
ADP20% samples required greater chewing effort compared to the control and ADP10%
formulations, which contained lower amounts of cricket powder and were therefore easier
to disintegrate. According to the texture data, it could be said that the ADP addition did
not affect the structural characteristics of the meat product, as a result of the lipid-protein
interaction [51]. The results for hardness, gumminess and chewiness were consistent;
for food, hardness directly affects both the energy needed to break it down to a suitable
swallowing texture (gumminess) and the time require to chew it to the ideal consistency for
swallowing (chewiness) [65]. These results are partially consistent with those reported by
Kim et al. [34], who evaluated the effect of adding cricket powder (Acheta domesticus) on the
physico-chemical and textural properties of meat emulsions. Only for the chewiness, our
values (Table 6) were lower than those described in their study. It should be noted, however,
that in Kim et al.’s research [34], chewiness increased when both lean meat and fat were
simultaneously replaced in equivalent proportions, which may explain the discrepancy
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with the present findings, where only lean meat was partially substituted. On the other
hand, Borges et al. [53] elaborated hybrid patties with Gryllus assimillis powder (CT, F10%,
F15%, F20%), and they reported that no significant differences in hardness were found
among the hybrid formulations (p > 0.05). However, control samples showed hardness
values significantly higher (p < 0.05) than hybrid patties. According to the research of
Borges et al. [53], the values obtained for hardness suggested that the higher proportion
of muscle tissue in the control favors a more compact and firm structure, whereas the
incorporation of cricket powder, by partially altering the meat protein network, tends to re-
duce the rigidity of the product without producing notable differences among the different
substitution levels. The softer texture often observed in hybrid products was associated
with the crumbly structure characteristic of this type of formulation, particularly evident
in patties with 15% and 20% substitution [53]. In meat emulsions, the addition of cricket
powder can exert a divergent effect compared with our results, since some studies have
shown harder products with increasing levels of insect incorporation [34,51]. Nevertheless,
processing conditions, especially thermal treatment temperatures, play a decisive role in
shaping textural properties. In this regard, Scholliers et al. [66] reported that higher cooking
temperatures resulted in hybrid systems with weaker textural characteristics, highlight-
ing that cooking methods (e.g., steam oven or grilling) can substantially modify the final
hardness of hybrid patties [53].

Additionally, although the ADP20% formulation contained the highest proportion
of cricket powder and therefore the greatest solid content, the manufacturing process of
patties made with ADP required the addition of 7.5% water (in the form of ice) to facilitate
the incorporation of the powder and the solubilization of proteins. As a result, even though
the cooked samples became firmer, the higher water addition prevented chewiness from
being excessively affected.

The addition of ADP reduced the cohesiveness of the patties (p < 0.05), independently
of the amount of ADP added. Meat fibers are notably reduced in size in these type of meat
products, generating cohesive interactions between meat fibers and non-meat ingredients
contribute to the final texture. Cohesiveness represents the degree to which the food is
compressed between the teeth before breaking, and a lot of studies have reported that
the addition of non-meat ingredients is one of the factors that significantly reduces its
value [65]. For example, Kim et al. [34] reported that higher substitution levels of lean meat
by cricket powder resulted in decreased cohesiveness, with the control samples exhibiting
the highest values. However, these findings do not fully align with those of Acosta-Estrada
et al. [67], who reported that the addition of insect powder tends to increase cohesiveness
and chewiness. Nevertheless, when comparing only the cricket powder formulations, no
significant differences in cohesiveness were found.

Regarding elasticity, formulations containing 10% ADP showed significantly higher
values compared with both the control and ADP20% samples. The incorporation of insect
powder appears to enhance this attribute in alternative meat products, as previously
reported by Acosta-Estrada et al. [67]. This effect could be attributed to the improvement
in WHC, since ADP contributes to a greater retention of water within the protein matrix.
Furthermore, the differences in textural behavior align with the role of WHC and OHC,
which are considered key protein-related properties for enhancing structure but also for
improving the overall quality of the product, due to their ability to bind both water and
fat [68,69]. As the TPA was carried out on cooked samples, this property is also related to
the water and fat retention after cooking.
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3.2.4. Cooking Properties of Patties

Figures 3 and 4 show the cooking losses and size variations (shrinkage), respectively,
of the patties after cooking. The incorporation of ADP significantly reduced cooking losses,
with the magnitude of the reduction being dependent on the concentration of ADP added.
These losses are primarily attributed to the release of water and fat during heating, resulting
from protein denaturation and the melting of lipids present in the patties [70].
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Figure 3. Cooking losses of patties (control and with cricked powder added). For each parameter,
results followed by the same letter are not significantly different according to Tukey’s post hoc HSD
test (p > 0.05). Data are presented as mean =+ standard deviation (n = 3). CT: control patties with
traditional formulation; ADP10%: patties with 10% cricket powder; ADP20%: patties with 20%
cricket powder.
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Figure 4. Shrinkage of patties (control and with cricked powder added). For each parameter, results
followed by the same letter are not significantly different according to Tukey’s post hoc HSD test
(p > 0.05). Data are presented as mean =+ standard deviation (n = 3). CT: control patties with traditional
formulation; ADP10%: patties with 10% cricket powder; ADP20%: patties with 20% cricket powder.

In this study, the moisture content of the samples after cooking was determined,
yielding values of 58.67%, 55.37%, and 52.86% for the control, ADP10%, and ADP20%,
respectively. A significant reduction (p < 0.05) in moisture content was observed with
the incorporation of ADP. When comparing moisture content between raw and cooked
samples, the decrease was approximately 19% for control and ADP10%, whereas ADP20%
exhibited a slightly higher loss, around 21% (p < 0.05).

Regarding fat content, an increase was observed after cooking, which can be attributed
to the aforementioned water losses. This increase was approximately 6% for the control
and ADP20% samples, and 8% for ADP10%, reaching at the end a similar fat content in all
samples (p > 0.05; Table 4)
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A progressive reduction in cooking losses with increasing levels of ADP can be ob-
served in Figure 3, suggesting that this ingredient could be primarily responsible for the
observed effect. The water- and oil-holding capacity of ADP helps retain these compo-
nents within the meat matrix, thereby minimizing their loss during cooking. This aspect
is particularly relevant in meat products, as reduced cooking losses directly contribute
to higher product yield. In line with this, Borges et al. [53] also evaluated the cooking
losses and shrinkage induced by Gryllus assimilis powder in hybrid patties. Their results
similarly showed a progressive reduction as the level of powder increased, with the 15%
inclusion proving to be the most effective concentration for both parameters evaluated.
The beneficial effects observed in these technological properties of beef patties, especially
moisture retention, shrinkage, and cooking loss, may be attributed to the high solubility
and strong binding capacity of cricket powder, as well as to the functional interactions
established between insect and meat proteins, which can also influence shrinkage behav-
ior [53]. Kim et al. [34] reported that the solubility of cricket proteins increases at a pH of
approximately 6.8 and in the presence of NaCl concentrations up to 1.75 M. Furthermore,
Santiago et al. [71] demonstrated that thermal treatment under saline conditions reduced
the a-helix content and surface hydrophobicity of black cricket proteins. According to the
authors, the combined effects of salt and heat, together with the increased protein solubility,
may help explain the mechanisms underlying the higher water retention observed in meat
matrices containing insect powder. Recently, Alburquerque et al. [72] also evaluated the ef-
fects of adding cricket powder (Gryllus assimilis) and soy protein to beef patties. Regarding
cooking losses, their results are consistent with our results, because they also reported that
cooking losses were significantly lower (p > 0.05) in beef patties with the highest addition of
cricket powder. These authors reported that the low cooking losses in patties with cricket
powder could be related to their pHs values. High pH values (pH = 6.03) influence the
degree of repulsion between protein molecules, affecting the water inside the matrix and
consequently, the cooking loss because of the isoelectric point of insect powders (pH = 4)
according to Kim et al. [34]. So, when the matrix has a basic pH, the repulsion between pro-
teins tends to be higher, increasing their interactions with water molecules and decreasing
cooking losses depending on the concentration added to the meat matrix [69]. The same
trend was observed by Choi et al. [73]. In their study, adding silkworm pupae (B. mori)
and transglutaminase in meat batters showed lower cooking loss values than in the control
group, due to the ability of insect protein to hold more water. Also, its moisture content
influenced this parameter, suggesting that proteins from insects have higher hydrophilicity
than meat protein, holding more water and lowering cooking losses. In industrial settings,
similar effects are often achieved using additives such as sodium caseinate or starch to
stabilize the meat emulsion and decrease cooking losses [15].

Regarding size variations in food products, these are typically associated with the
contraction of muscle fibers during thermal treatment, generally resulting in a reduction in
diameter and an increase in thickness [34,44]. In this research, no significant differences
(p < 0.05) were observed in shrinkage among the different formulations, indicating that the
incorporation of ADP does not negatively impact the dimensional changes of the patties
during the cooking process.

3.2.5. Sensory Analysis

Figure 5 shows the results of the sensory analysis in control patties and patties with
added ADP. In general, the incorporation of ADP led to a reduction in the scores assigned to
all sensory attributes: the higher the concentration of ADP added, the greater the reduction
in the score (p < 0.05). Only juiciness received comparable scores (p > 0.05) between the
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control formulation (CT) and ADP10%, and hardness between both ADP-added patties
(ADP10% and ADP20%).
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Figure 5. Overall acceptability of patties. The vertical axis represents a 9-point scale (1 = Extremely
Dislike, 9 = Extremely Like). For each attribute, results followed by the same letter are not significantly
different according to Tukey’s post hoc HSD test (p > 0.05). CT: control patties with traditional
formulation; ADP10%: patties with 10% cricket powder; ADP20%: patties with 20% cricket powder.

Appearance-related attributes, particularly color and overall aspect, were influenced
by the addition of ADP. These findings are consistent with the instrumental color analysis
(Table 5), where significant differences in all color parameters among control and ADP-
added patties were also detected. Regarding textural attributes such as hardness, juiciness,
and crumbliness, the control sample once again received the highest scores; only in the
case of juiciness, control samples received the same score as ADP10%. Hardness and crum-
bliness are closely related parameters, as increasing the proportion of cricket powder also
raises the solid content of the reformulated patties. This results in a firmer structure, which
simultaneously makes it more difficult to break the product into smaller pieces. The TPA
analysis reported higher hardness values when ADP was added (Table 6), although these
were not statistically significant. Regarding juiciness, the higher scores obtained for the
control and ADP10% samples can be attributed to the excellent water-holding capacity and,
to a lesser extent, the oil-holding capacity of ADP. These properties improve the retention
of bound water within the matrix. Consequently, such techno-functional characteristics
provide the foundation for the reformulation of novel meat products incorporating insect
powders [53]. With respect to flavor-related attributes, including overall flavor and bitter-
ness, the patties formulated with ADP were rated less favorably than the control samples,
with ADP20% samples receiving the lowest scores.

Similar to meat proteins, insect proteins exhibit comparable behavior in terms of texture
and flavor once the reformulated patties are cooked [74]. However, bitterness and overall
flavor were the least favored attributes in the ADP10% and ADP20% formulations. Therefore,
to enhance consumer acceptance of the final product, it is advisable to implement strategies
aimed at improving the sensory profile by incorporating traditional ingredients that can
reinforce the characteristic taste and aroma while mitigating the bitter notes associated with
the addition of ADP, particularly noticeable in the ADP20% formulation [75].

Although research on the use of edible insects in the development of novel products
still requires further exploration, some studies provide justification for the occasionally
contradictory results reported so far. The variability largely depends on the specific insect
species employed [76]; however, Borges et al. [53] also reported that textural properties
can be influenced by the manner in which the insect powder is incorporated into the meat
product (e.g., defatted or hydrolyzed), which in turn affects the overall composition of the
hybrid product and the functionality of insect proteins [66].
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An alternative strategy to enhance sensory quality and consumer acceptance would
be to reduce the proportion of cricket powder (ADP) incorporated into the formulations.
Likewise, another experimental study using a maximum inclusion level of 6% reported
beneficial effects on both texture and appearance. The improvement in texture was at-
tributed to the higher amount of bound water, which contributed to reducing product
hardness, while the visual attributes improved due to the lower concentration of cuticular
melanin proteins [77] and endogenous pigments associated with darker hues [61], resulting
in patties with a lighter and more appealing appearance.

Flavor and aroma are key determinants in the development and consumer acceptance
of novel food products. Edible insects have been reported to impart sensory notes ranging
from fish-like to bread-like flavors [10]. Species such as Tenebrio molitor, Locusta migratoria
and Gryllus assimilis generally exhibit a rather neutral taste. Nevertheless, sensory attributes
related to odor and flavor have been associated with nut-like profiles (e.g., walnuts, almonds),
as well as with meat and dairy products, although each edible insect species displays its
own distinctive aromatic profile [78]. Additionally, Maillard reactions are responsible for the
characteristic flavor generated during the cooking of meat due to the fact that the aromatic
profile is modified by this processing, affecting the aromatic compounds naturally present in
food [57]. Maillard reactions occur as an effect of heat treatment, producing sensory active
compounds such as furanones, pyranones, furfural oxygen compounds, nitrogen compounds,
and sulphur compounds, which can either have a negative or positive impact on quality
attributes, such as odor [79,80]. For example, Acheta domesticus and Gryllus assimilis have a
lower content of volatile compounds when they are blanched than when they are treated by
a drying process, according to [55]. Meanwhile, other researchers observed an increase in
volatile compounds such as hexanal and 2-pentylfuran in Ruspolia differens after blanching [57].
The flavor perceived by consumers is influenced not only by the insect species under study
but also by its developmental stage and the thermal processing applied. In this regard,
a wide range of sensory notes has been described, including umami, sweet, fruity, bitter,
fatty, herbaceous, and buttery notes, largely attributed to active odorants such as 2- and
3-methylbutanal, diacetyl, and/or ocimene [74]. Furthermore, processing methods have a
marked effect: steaming or blanching tend to enhance herbaceous and nutty aromas, whereas
dry-heating methods promote more meaty notes reminiscent of bacon or mushrooms, mainly
due to Maillard reactions [74,81].

4. Conclusions

Acheta domesticus powder demonstrates considerable potential as a functional ingre-
dient due to its protein content and favorable techno-functional properties, particularly
water-holding capacity, oil-holding capacity, emulsifying ability, and emulsion stability.
These characteristics support its application in the reformulation of products such as pat-
ties, with the purpose of reducing pork meat content and generating more sustainable
hybrid food alternatives. Its incorporation reduced cooking losses and enhanced the overall
protein content of the product. However, the addition of Acheta domesticus powder also
induced significant changes in color and sensory attributes, which negatively affected con-
sumer acceptance, particularly at higher inclusion levels (20%). Therefore, the successful
development of insect-enriched hybrid products should focus on strategies to minimize
or mask these sensory modifications. This could be achieved through the use of comple-
mentary ingredients such as spices or natural colorants or by applying targeted processing
treatments to the insect powder itself to reduce its sensory impact.
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