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Abstract—There is a constant search for alternative food sources due to rapid population growth and nutritional problems that affect
the world. In this context, edible insects such as the Acheta domesticus (a species of cricket with a high protein and fat content) have
become an alternative food source and managed to capture the attention of researchers due to their valuable nutritional content and
low environmental impact. This study aimed to identify and characterize the variables and strategic actors that lead the flour production
market based on the aforementioned Acheta domesticus in Peru. A structural analysis of descriptive scope was conducted with the help
of a panel of five experts knowledgeable about the sector in question and the Cross Impact Matrix and Multiplication Applied to
Classification (MICMAC) tool to pursue consensus by motivating collective reflection. The findings revealed that the market studied
presents an unstable dynamic, which implies a dispersion of the variables along the bisector since it has eight key variables in total,
technological development and profitability being the most sensitive; At the same time, on the side of the social actors, the insect
producers are the ones who predominate among the others. This study constitutes a starting point for any strategic action linked to the
planning and developing of new alternative sources that seek a change in the studied market.
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of edible insects, whose production is considered a viable
I. INTRODUCTION strategy since it would positively impact the food sector [6].

Although entomophagy, or the practice of consuming
insects, is a potential measure in combating human
malnutrition and in achieving food security sustainability [4],
it is still unconventional in many cultures. However,
entomophagy can be introduced by implementing them as
ingredients in the production of processed foods [7] among
which stand the production of daily consumption such as
bread, pasta, snacks, and meat substitutes, which have a high
nutritional value [8].

Edible insect farming generates low pressure on the
environment, water resources, and biodiversity, contributing
to climate change [6] as it requires few resources for its
production, unlike other sources of livestock protein that emit
a high percentage of emissions [9]. For this reason, the
consumption of this food source would reduce the use of
pesticides and the presence of pesticide residues in foods [5].
In this way, they represent a sustainable food source and
respond to current requirements, considering that rearing
edible insects generates a smaller ecological footprint [9] than
conventional animal production. For such a reason, it is

Food insecurity remains a serious and relevant issue around
the world [1]. Consequently, malnutrition is a constant
problem that affects many disadvantaged members of society
[2]. According to the World Food Program, an estimated 811
million people do not have enough food to maintain an active
and healthy lifestyle [3]. For this reason, the population is
searching for substitutes for conventional food sources.
Edible insects have attracted the attention of several
researchers for their high nutritional content and being a
healthy food source. These properties have achieved some
recognition. Some developed countries consider edible
insects to provide nutritional support [4].

Whether from a developed or developing country
perspective, the global population finds itself in need of
alternative food sources [1] mainly due to the increase in
consumers and the nutritional problems faced globally. For
this reason, it is necessary to look for alternative and
innovative ways to ensure that safety and optimal nutritional
value in food are accessible all the time [5]. This is the case
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presented as a possible environmental and economic solution
for more sustainable protein production [8].

Insects as a food source will help people with nutrition-
related problems in developing countries, since it can be
added as an ingredient to a variety of foods and turn them into
energy dishes [1]. Due to the nutritional composition of
crickets (Acheta domesticus), which consists of proteins,
including all amino acids, minerals, and fats [10]. Therefore,
edible insects can help to complete the necessary amounts of
iron and calcium in meals, whose deficit causes anemia; in
addition, the fatty acids present help to decrease cholesterol
[11]. One of the species with greater recognition is the Acheta
domesticus, considered a valuable source in nutritional terms
thanks to the significant content of proteins, fats, vitamins,
and minerals [12].

A. Acheta Domesticus and its Nutritional Value

Acheta domesticus is a species of house cricket belonging
to the family of Gryllidae (Orthoptera), which has more than
550 species worldwide and is most often used as human food
[13]. These insects are valuable in terms of nutritional value
since they contain significant amounts of protein and fats [12].
The species mentioned can be found in different countries
across continents, such as Asia, Africa, and America, where
it is considered a prized food because of its role as a food
resource in communities.

The species of the cricket family are considered high in
protein since it contain this macronutrient between 10% and
85% of dry matter [14]. Likewise, they present high levels of
amino acids, fiber, vitamin B, iron, zinc, omega 3 and omega
6 [15]. Hence, Acheta domesticus may be used to transform
food systems because it helps to counteract food diseases such
as malnutrition.

Despite the unconventionality of entomophagy, or the
practice of insect consumption [ 1] in the bibliographic sources
studied, it is mentioned that the most optimal way to introduce
this species into the diet of the population is by transforming
it into ingredients for the preparation of conventional foods
since it has been proven that they are more widely accepted
by consumers [7]. Consequently, the properties of Acheta
domesticus are compared with other conventional protein
products, such as meat, because they contain similar amounts
of proteins and fats [16]. In addition to having higher mineral
and dietary fiber content [11] which provides more incredible
benefits to the population.

B. Peruvian Market for Flour Production from Acheta
domesticus

The PEST analysis aims to diagnose the internal and
external environment in which a sector develops, thus making
it possible to identify data that will allow actions to be taken
regarding circumstances. Through this tool, an analysis of the
Peruvian flour production market is sought.

Regarding political and legal factors, government
legislation and regulations and government support directly
influence the flour production market. On the legislation side
in Peru, Legislative decree N.1062 makes the approval of the
Food Safety Law and its Regulation feasible. This law aims
to protect people's lives and health through a preventive and
comprehensive approach along the food chain. [17].
Likewise, Ministerial Resolution N. 449-2006 MINSA was
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issued to guarantee the safety of food and beverages for
human consumption and to establish criteria for formulating
projects in the food industry. However, the use of insects as
food is not regulated or contemplated by any Peruvian
legislation, nor are they explicitly considered within the
National Strategy for Food Security 2013 - 2021 set out by the
Ministry of Agrarian Development and Irrigation, MIDAGRI
[18].

Consequently, the support of the State is a critical element
in the implementation of public policies aimed at promoting
and regularizing the use of insects [18]. The Ministry of
Production, through Supreme Decree N. 009-2021-
PRODUCE, created the National Program for Technological
Development and Innovation (Prolnndvate) to manage and
grant co-financing funds for business innovation projects,
productive development, entrepreneurship, and ecosystem
institutions [19]. In a 2019 edition, an insect-based product
was presented as a possible project to offer solutions to
problems in the country. In this way, it can be shown that the
support of the State is essential for the private sector: the
development and promotion of entomophagy is vital and
should be given from multiple fronts [18] such as
governmental entities in charge of controlling production,
safe consumption, and consumer protection [20].

Among the economic factors, it can be highlighted the
recovery of economic activity in Peru after the COVID-19
situation, driven by the easing of sanitary restrictions and the
progress in mass vaccination of the population in a context of
expansive monetary policy [21]. For this reason, in 2021,
GDP grew by 13.3%, surpassing what was recorded in 2019.
According to the report presented by the Central Reserve
Bank of Peru, the flour market sector had a growth of 26.1%
during the first half of the year compared to 2020 [22].

It is essential to highlight the impact of price on the
marketing of products since it influences both income and
purchasing decisions [23]Correct management of input

purchases, equipment optimization, and technological
processes, among other factors, influence price
competitiveness.

Social factors have a significant influence on the flour
production market. The National Institute of Statistics and
Informatics (INEI) revealed that, in 2021, chronic
malnutrition affected 11.5% of the population under five
years of age in the country, which represented a higher
proportion in rural areas such as Huancavelica (27.1%),
Loreto (23.6%) and Cajamarca (20.9%) [24]. In addition, 62%
of the Peruvian population over 15 years of age has problems
of obesity and overweight, a figure that increased during the
COVID-19 pandemic [17]. Another variable to consider is the
growth of the Peruvian population, which reached 33 million
inhabitants that same year, reflecting the constant annual
increase [24].

For such reasons, there is a need to find alternative insect-
based methods to help counteract malnutrition or related
diseases [1], since in some regions of Peru, the availability of
high-protein food is scarce. Similarly, scientific production on
entomophagy in the country has been minimal. As a result,
there is little information on species' diversity and
geographical distribution with high potential and nutritional
value [18]. On that account, the development of new ways of



integrating insects into the diets of a wide range of consumers
through the creation of insect-based products is needed [25].

Finally, for the technological-environmental factor, Peru
contributes 0.12% of GDP each year to technological
development to promote research and development (R&D)
[26], which should be oriented to improve productivity,
diversify production, and add value to productive activities
and services through the program Innévate Pera [27]. Thus, it
is necessary to disseminate these initiatives and,
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consequently, to enhance training capabilities according to
market needs. In parallel, it is mentioned that a 10% increase
in broadband penetration in industrial sectors is associated
with a 1.4% growth in productivity for companies [28]. This
increased investment in machinery and equipment seeks
lower energy consumption and environmental prevention.
Figure 1 below schematically presents the diagnosis of the
Acheta domestic flour market explained above.
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Fig. 1 PEST analysis of the Peruvian flour production market

C. Other Global Studies on Acheta Domesticus

As stated by various authors, edible insects have been
identified as the food of the future mainly because of the
significant advantages they possess as a food source [6],
which makes them an efficient solution to establish new paths
in the search for alternative nutritional sources along with
sustainable practices [29]. This statement is supported by
researchers who propose edible insects as a nutritional
alternative to conventional products such as meat because
they are a good source of protein, fats, and minerals; protein
is the main component of these species [16]. However, the
nutritional composition may vary depending on the family of
insects and even within the group of the same species [30].

The insect family Gryllidae is considered nutritionally
valuable due to the significant content of protein, fats,
vitamins, and minerals [12]. Within this family, made up of
insects colloquially known as crickets, the Acheta domesticus
stands out, given that it has a protein content between 62.41%
and 71.09% per 100 grams of dry weight [2] which gives them
an advantage over other species. Similarly, edible insects such
as Acheta domesticus have been recognized as containing
micronutrients such as iron, magnesium, manganese,
phosphorus, potassium, selenium, sodium, and zinc [4]. It is
worth highlighting that insects have been proposed as a source
of minerals for human life, and it has been shown that the
amount of iron, calcium, and zinc found in these insects is
higher than in conventional food [31]. Likewise, a study
conducted that Acheta domesticus has a high content of fatty
acids of omega-3 and omega-6 quality, which makes it an
energetic food [14].

Since the consumption of edible insects, called
entomophagy, is still an unconventional practice in several
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cultures, it is essential to consider the functional properties of
acheta domesticus, such as amino acid profile, solubility, and
protein emulsion, as it influences its use as an ingredient in
different types of meals. In this way, it can be introduced into
people's diets since insect consumption is more accepted if
they present a familiar appearance and odors.

Researchers propose Acheta domesticus as a species of
interest in food industries thanks to its functional properties,
such as water retention, which can contribute to the
improvement of properties of bakery products [15]On the
other hand, the high level of emulsification suggests that
Acheta domesticus proteins may be beneficial for preparing
ground meat and could contribute to food systems such as
doughs, dressings, baby food, ice cream, and coffee
whiteners. Finally, it highlights that insect-enriched foods
have the potential to address iron deficiency, especially in
countries most affected by malnutrition and food insecurity
[30].

II. MATERIAL AND METHODS

To characterize and analyze the interrelation of factors and
social actors for the Acheta domesticus flour production
market, a non-experimental and transversal design was used,
with an exploratory and descriptive scope. Likewise, the study
used a qualitative approach to describe and interpret the
opportunities related to the impact of the variables and social
actors involved in the Acheta domesticus flour production
market system. For this purpose, the methodological
development followed a sequence of phases similar to those
of other studies [32], [33], [34] which are detailed in the
following Table 1.



TABLEI

PHASES OF THE METHODOLOGICAL DESIGN

Phase Name Partial scope
Determination of system Definition and validation of
1 variables and strategic variables and stakeholders

social actors (stakeholders)

Description of
2 relationships between
variables and stakeholders

within the system
Identification of the direct
and indirect influence and
incidence between variables
and stakeholders
Hierarchization of the most

Identification of key . .

3 . critical variables and
variables and stakeholders

stakeholders

Analysis of the
rela_tlonshlp between key Diagnostics for market

4 variables and stakeholders management and plannin
for strategic market & p &
actions.

In the first phase, after the contextual analysis of the flour
production market in Peru, the variables that mainly influence
this system were identified and diagnosed, as well as the
social actors that participate both directly and indirectly. For
this purpose, this phase was preceded by a documentary
analysis and a PEST analysis, through which it is possible to
explore the macro-environment of the flour production
market and examine four main factors: political, economic,
social, and technological. An Ishikawa diagram was also used
to diagnose the root causes, identifying the main difficulties
in the flour production market. This initial phase was
supported by four experts and academics with knowledge in
the sector to validate the identified variables.

In the second phase, the relationships between the variables
and strategic participants described above were described
following a structural analysis using the Direct Impact Matrix
(DIM) and Indirect Impact Matrix (IIM). This impact
relationship is measured in potential (P), strong (3), moderate
(2), weak (1), or null (0), which is obtained by consensus,
considering the statistical criteria. The system presents two
ratings for each variable: dependence or direct (X) and motor
or influence (Y), which are shown as coordinates (X; Y) on a
Cartesian plane. It should be noted that the sum of the Y rows
indicates the number of times the variable influences others.
On the other hand, the sum of the columns X is the number of
times an element depends on the others. With this unification
of matrices, it is possible to show the relationship between
motricity and dependence of the variables and groups of
interest in the flour production market based on Acheta
domesticus. Five experts were interviewed to validate these
matrices.

Consequently, in the third phase, the variables and
stakeholders were ranked using the MICMAC matrix (Matrix
of Cross Impacts Multiplication Applied to a Classification),
which is used to identify the critical strategic variables and
participants through direct and indirect relationships. The
results were placed on a Cartesian plane with dependency (X)
and motor (Y) coordinates divided into four quadrants: power,
critical, autonomous, and output. In addition, there is a fifth
zone called platoon variables, located near the line or region
next to the mean of the axes. Figure 2 presents the plane of
motricity and dependence.
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Fig.2 Zones in the Cartesian plane for characterization.

In the fourth and last phase, a diagnosis was provided for
directing and planning the production market, considering the
impacts caused by the relationship between the variables
analyzed in the previous phases and the participation of
stakeholders in them. For this phase, a focus group of four
experts was held to recognize the results obtained during the
last phase.

III. RESULTS AND DISCUSSION

A. Results

According to the first phase established in the
methodological design, the variables that intervene in the
flour production market in Peru were determined, following
the same categories of the PEST analysis, grouped into four
sectors and presented in Table 2.

TABLE II
PRODUCTION MARKET VARIABLES
Code Variable Description
Political/ Regulatory
State policies, rules, and Regulations focused on
V1 regulations concerning insect production and
consumption consumption
Requirements for sanitary
V2 registration of the product
(DIGESA)
Laws promoting healthy Number of laws related to
V3 . .
eating healthy eating
Economic
V4 Product costs Flour production cost per
450 grams
V5 Profitability IRR (Internal Rate of Return)
V6  Raw material cost Collectl'on cost of Acheta
domesticus
V7 Cost of resources Variable costs for labor and
associated with the product care of the species
Social
V8  Food support programs Number of government

programs




Code Variable Description
Number of laws and
. regulations relevant to the
V9 Consumer protection production, distribution, and
sale of foodstuffs
Stigmatization associated % of the world population
V10 . . R
with entomophagy. consuming edible insects
Ngtntlonal imbalance in % malnutrition in children
V11 children under five years of
age under five years of age
Technological
. Flour processing steps based
V12  Technological development on Acheta domesticus
V13 Optlmlz.atlon of flour Bottleneck
production
vi4 Supplier capacity and Service level
innovation
V15 Environmental impact % carbon emission reduction

Similarly, it was possible to characterize the strategic social
actors participating in the flour production market. On the one
hand, insect producers, food production companies, private
investment companies, and the entomological community
were directly identified. On the other hand, indirectly, the
Ministry of Agrarian Development and Irrigation
(MINAGRI), Ministry of Production (PRODUCE), National
Council of Science, Technology and Technological
Innovation (CONCYTEC), Ministry of Health (MINSA) -
General Directorate of Environmental Health (DIGESA) and
Ministry of Development and Social Inclusion (MIDIS) were
identified.

With the variables defined and validated by experts, the
relationship between them was established using a Direct
Impact Matrix (MID) to obtain a causal relationship, project
them on a Cartesian plane with their assigned degree, and
place them in the zone of motricity and dependence that warns
us of a first reading of the critical variables of the system.
However, to highlight the presence of hidden variables that
could alter the stability of the system or, on the contrary, to
confirm the scheme of relationships previously obtained, the
Direct Impacts Matrix (DIM) was raised to a power n and an
Indirect Impacts Matrix (IIM) was projected.
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Fig. 3 Indirect Impact Matrix

Because the variables were validated and projected, the
location of each variable within the different zones of the
matrix was identified. The power zone is made up of
influential variables but not very dependent; that is, because
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of their high mobility and low dependence on each other. The
actions within the system have probably been oriented to the
variables. In this zone, we have the following variables:

e« VI1: State policies, norms, and regulations on
consumption

e V2: Requirements for sanitary registration of the
product (DIGESA)

e V3: Laws providing for healthy eating
The conflict zone includes enormously influential and
dependent variables; therefore, they are unstable by nature,
and any action taken on them can alter the system's dynamics.
e VI12: Technological development
o V5: Profitability
e V13: Flour production optimization
e V7: Cost of resources associated with the product
o V14: Supplier capacity and innovation
e V6: Raw material cost
e V4: Product cost
e VI15: Environmental effect
In the output zone are the low-influence but highly
dependent variables that are the result of the impacts obtained
from the power and conflict variables; among them are:
« V8: Food support programs
e VI11: Nutritional imbalance in children under five years
of age
The zone of autonomous variables, comprised of variables
with little influence and dependent variables, contains the
following variables that have a minor impact on the system.
They can be excluded without affecting the analysis
developed.
e VO9: Consumer protection
Finally, the platoon variables, which are in the intermediate
zone of the Cartesian plane, do not present sufficient
dependence and influence to be developed.
e V10: Stigmatization associated with entomophagy
As a next phase, the key variables belonging to the system
were identified, which are found in the line of the plan and
present greater mobility and, at the same time, are dependent.
This enabled the identification and prioritization of the most
influential and controlled variables established by the Direct
Impacts Matrix to obtain a causal relationship. Subsequently,
in the Indirect Impacts Matrix, adjustments were made to the
hierarchy of certain variables, and the result is shown below:
e VI12: Technological development
o V5: Profitability
e VI13: Flour production optimization
e V7: Cost of resources associated with the product
o V14: Supplier capacity and innovation
e V6: Raw material cost
e V4: Product cost
e VI15: Environmental effect

In the same way, this procedure was carried out to identify
the influence and hierarchy of the system's stakeholders. This
makes it possible to determine those stakeholders with greater
mobility and dependence.



TABLE III
SOCIAL ACTORS ACCORDING TO AREAS OF POWER

High-powered players

Highly influential and Al: Insect producers

not very dependent on AS5: Ministry of Agrarian

others. Development and Irrigation
(MIDAGRI)
A6: Ministry of Production
(PRODUCE)

A7: National Council for Science,

Technology and Technological

Innovation (CONCYTEC)
Actors of medium-power

Highly influential and A2: Food production companies
dependent on other AS8: Ministry of Health (MINSA) -
actors. General Direction of Environmental

Health (DIGESA)
Low power players
A4: Entomological community
A3: Private investment companies
A9: Ministry of Development and
Social Inclusion (MIDIS)

Actors who have little
influence but are highly
dependent on others.

B. Discussion

According to expert consensus, the evidence presents an
unstable system. The system's instability implies a dispersion
of the variables along the bisector, especially when they are
in the upper right quadrant (conflict zone). However, the
results show that the most sensitive variables are V12 and V5,
technological development, and profitability.

Based on the results obtained, technological development
(V12) is the most relevant variable in the system because it
presents the most incredible mobility and dependence, which
coincides with what has been suggested by various authors.
Few of them point out that technology, both for the cultivation
and processing of edible insects, is a specific barrier for
scaling up to commercial and scale production of insect-based
powder [35]. Currently, there is a lack of knowledge about
emerging technologies for edible insect processing that results
in the application of inefficient conventional processes and
can impact product quality [36].

To achieve improved flour production, recent
developments in the agri-food sector have shown that
emerging technologies are promising alternatives for
sustainable green processing [37], capable of improving the
safety and quality of final products and improving processing
efficiency [38]. Nonetheless, the knowledge about edible
insect production is scant, and producers have limited
experience [39] which can hinder the diffusion of these
emerging technologies.

On the other hand, profitability in the food market (V5) was
also presented as a critical variable related to the flour
production market from Acheta domesticus. This is due to the
acceptance of insects in Western countries and the increasing
demand mainly for profitability reasons [40]. One of the main
reasons is the low cost of feeding insects because they can be
obtained from various wastes [6]. However, there is a cost gap
in specific production techniques, such as freeze-drying,
which allows for maintaining high quality with nutritional
value and long shelf life [7]. For this reason, it is sought to
replace with comparable techniques with lower energy-
related costs.
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With the limitations presented on the cost gap, insect
breeding is still destined for specific markets since plant
installation, equipment costs, and production at the industrial
level are expensive [41]. This is because technification
research is still required for the production of flour and
conversion of ingredients at similar cost levels to protein
concentrates in the market [6]. Therefore, it is necessary to
achieve cost reduction to obtain income opportunities at the
industrial level in flour production [41].

Concerning the social actors of the system, insect
producers were identified as one of the high-powered groups.
They made up the primary insect sector, thus representing the
beginning of the production system. Innovations in insect
production can increase competitiveness and offer new
market opportunities [35]; however, knowledge about
technologies for edible insect production is scarce, and
producers have limited experience [42]. On the other hand,
legal regulations and social factors can also be a constraint in
production [43]. As mentioned in this research, one of the
virtues of edible insect production is the low ecological
footprint it generates, unlike traditional livestock systems
[44]. In this context, insect farming emerges as an
environmentally friendly alternative, and to minimize its
environmental impact, insect producers must have sustainable
systems and facilities [45].

The evidence found in the research aims to achieve a better
understanding of the flour production market based on Acheta
domesticus in Peru. Although we tried to reach a consensus
among the experts on the proposed system accompanied by
reflection, it is convenient to consider structural analysis's
limits, so it should not be taken as a definitive and
indisputable means. This research can be used as a resource
for future studies that seek to achieve a change in the industry
and find a starting point. This is a scope for factors that present
a greater responsibility within the system because, as noted,
this industry is constantly changing and is sensitive to various
factors that can be transformed over time.

IV.CONCLUSION

The evidence obtained through the structural analysis made
it possible to characterize the flour production market based
on Acheta domesticus, considering the variables that play a
role in its growth and development in Peru. There were fifteen
variables, of which six were considered vital, with
technological development and profitability being the most
sensitive within the system. All the critical variables found are
part of the technological and economic aspects. Emerging
technologies have a significant impact on the development of
the flour production market and can guide it towards a
massive scope. They could also result in cost reduction by
optimizing the production process.

Nine social actors, both direct and indirect, that influence
the sector were also validated. Thanks to the hierarchical
ranking, insect producers were identified as the most relevant
and robust since they are directly involved in producing inputs
based on edible insects and represent the beginning of the
production chain. The entomological community and the
Ministry of Development and Social Inclusion were identified
as less relevant actors, which, although they are related to
some of the variables mentioned in the study, were classified



as secondary issues that, in the end, do not have a significant
impact on the system in question.

Finally, the methodology used was convenient for
elaborating the structural characterization of the variables and
social actors of the flour market from Acheta domesticus in
Peru. Based on the findings and conclusions presented, this
will allow a starting point for the strategic planning of future
scenarios in the medium or long term.

(1]

[10]

[17]

REFERENCES

J. Tao and Y. O. Li, “Edible insects as a means to address global
malnutrition and food insecurity issues,” Food Qual. Saf., vol. 2, no.
1, pp. 17-26, Mar. 2018, doi: 10.1093/FQSAFE/FYY001.

H. J. O. Magara et al., “Edible Crickets (Orthoptera) Around the
World: Distribution, Nutritional Value, and Other Benefits—A
Review,” Front. Nutr., vol. 7, Jan. 2021,
doi:10.3389/fnut.2020.537915.

Food and Agriculture Organization of the United Nations, “The State
of Food Security and Nutrition in the World 2021,” 2021.

F. B. Mandal and M. Dutta, “The potential of entomophagy against
malnutrition and ensuring food sustainability,” Afiican J. Biol. Sci.
(South  Africa), vol. 4, no. 4, pp. 1522, Oct. 2022,
doi:10.33472/afjbs.4.4.2022.15-22.

S. Imathiu, “Benefits and food safety concerns associated with
consumption of edible insects,” NFS J., vol. 18, pp. 1-11, Mar. 2020,
doi: 10.1016/J.NFS.2019.11.002.

C. Avendano, M. Sanchez, and C. Valenzuela, “Insectos: son
realmente una alternativa para la alimentacion de animales y humanos
Insects: an alternative for animal and human feeding,” Rev Chil Nutr,
vol. 47, no. 6, pp. 1029-1037, 2020, doi: 10.4067/S0717-
75182020000601029.

G. Melgar-Lalanne, A. J. Hernandez-Alvarez, and A. Salinas-Castro,
“Edible Insects Processing: Traditional and Innovative Technologies,”
Compr. Rev. Food Sci. Food Saf., 2019, doi: 10.1111/1541-
4337.12463.

E. Bartkiene et al., “Crickets (Acheta domesticus) as Wheat Bread
Ingredient: Influence on Bread Quality and Safety Characteristics,”
Foods, vol. 12, no. 2, p. 325, Jan. 2023,
doi:10.3390/foods12020325/S1.

C. Mutungi et al., “Postharvest processes of edible insects in Africa:
A review of processing methods, and the implications for nutrition,
safety and new products development,” Crit. Rev. Food Sci. Nutr., vol.
59, no. 2, pp. 276-298, Jan. 2019,
doi:10.1080/10408398.2017.1365330.

R. Rosas-Campos et al., “Dietary supplementation with Mexican
foods, Opuntia ficus indica, Theobroma cacao, and Acheta
domesticus: Improving obesogenic and microbiota features in obese
mice,” Front. Nutr., vol. 9, p. 987222, Dec. 2022,
doi:10.3389/fnut.2022.987222/BIBTEX.

A. Orkusz, “Edible insects versus meat—nutritional comparison:
Knowledge of their composition is the key to good health,” Nutrients,
vol. 13, no. 4, Apr. 2021, doi: 10.3390/NU13041207.

M. Montowska, P. L. Kowalczewski, I. Rybicka, and E. Fornal,
“Nutritional value, protein and peptide composition of edible cricket
powders,” Food Chem., vol. 289, pp. 130-138, Aug. 2019,
doi:10.1016/j.foodchem.2019.03.062.

A. van Huis, “Edible crickets, but which species?,” J. Insects as Food
Feed, vol. 6,no. 2, pp. 91-94, 2020, doi: 10.3920/JIFF2020.X001.

N. Udomsil, S. Imsoonthornruksa, C. Gosalawit, and M. Ketudat-
Cairns, “Nutritional Values and Functional Properties of House
Cricket (Acheta domesticus) and Field Cricket (Gryllus bimaculatus),”
Food Sci. Technol. Res., vol. 25, no. 4, pp. 597-605, 2019,
doi:10.3136/1str.25.597.

V. D’Antonio, N. Battista, G. Sacchetti, C. Di Mattia, and M. Serafini,
“Functional properties of edible insects: A systematic review,” Nutr.
Res. Rev., 2021, doi: 10.1017/S0954422421000366.

A. Jantzen da Silva Lucas, L. Menegon de Oliveira, M. da Rocha, and
C. Prentice, “Edible insects: An alternative of nutritional, functional
and bioactive compounds,” Food Chem., vol. 311, May 2020,
doi:10.1016/j.foodchem.2019.126022.

. Ministerio de Salud, “Area de Inocuidad de alimentos,” 2022.
http://www.digesa.minsa.gob.pe/DCOVI/alimentos.asp (accessed
Nov. 24,2022).

999

[18]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

J. Rivera and F. Carbonell, “Los insectos comestibles del Pert:
Biodiversidad y perspectivas de la entomofagia en el contexto
peruano,” Cienc. Desarro., vol. 0, no. 27, pp. 03-36, Dec. 2020,
doi:10.33326/26176033.2020.27.995.

Ministerio de la Produccion, “Historia - Prolnndvate,” 2021.
https://www.proinnovate.gob.pe/quienes-somos/historia  (accessed
Nov. 24,2022).

H. S. Usman and A. A. Yusuf, “Legislation and legal frame work for
sustainable edible insects use in Nigeria,” Int. J. Trop. Insect Sci. 2020
413, vol. 41, no. 3, pp. 2201-2209, Oct. 2020, doi: 10.1007/S42690-
020-00291-9.

Banco Central de Reserva del Perti, “Notas De Estudios Del BCRP,”
2022.

Banco Central de Reserva del Pert, ‘“Produccion manufacturera
(variaciones porcentuales anualizadas),” 2021.

P.D. S. Subrahmanyam, S. A. F. Arif, and C. A. H. Ameen, “Economy
Pricing Strategy and Customer Retention — An Analysis,” resmilitaris,
vol. 13, no. 1, pp. 364-379, 2023, Accessed: Sep. 09, 2023. [Online].
Available: https://resmilitaris.net/menu-
script/index.php/resmilitaris/article/view/1062

Instituto Nacional de Estadistica e Informatica, “Poblacion peruana
alcanzo los 33 millones 726 mil personas en el aflo 2023,” 2023.
Accessed: Sep. 09, 2023. [Online]. Available:
https://m.inei.gob.pe/prensa/noticias/poblacion-peruana-alcanzo-los-
33-millones-726-mil-personas-en-el-ano-2023-14470/

R. P. F. Guiné et al., “Investigation of the Level of Knowledge in
Different Countries about Edible Insects: Cluster Segmentation,”
Sustain. 2023, Vol. 15, Page 450, vol. 15, no. 1, p. 450, Dec. 2022,
doi:10.3390/SU15010450.

Pert Debate, “Promoviendo el desarrollo basado en la ciencia,
tecnologia e innovacion,” 2021.

J. P. Seclén and F. Sagasti, “Politicas de ciencia , tecnologia e
innovacion en el Peru,” pp. 133-137,2017.

International Telecommunication Union, “The Economic impact of
broadband and digitization through the COVID-19 pandemic:
Econometric modelling,” 2021. [Online]. Available:
http://handle.itu.int/11.1002/pub/819126¢2-en

N. M. de Carvalho, A. R. Madureira, and M. E. Pintado, “The potential
of insects as food sources—a review,” Crit. Rev. Food Sci. Nutr., vol.
60, no. 21, pp- 3642-3652, Nov. 2020,
doi:10.1080/10408398.2019.1703170.

A. R. A. Adegboye, “Potential Use of Edible Insects in
Complementary Foods for Children: A Literature Review,” Int. J.
Environ. Res. Public Health, vol. 19, no. 8, p. 4756, Apr. 2022,
doi:10.3390/ijerph19084756.

H. Pastell et al., “How Does Locally Produced Feed Affect the
Chemical Composition of Reared House Crickets (Acheta
domesticus)?,” ACS Food Sci. Technol., vol. 1, no. 4, pp. 625-635,
May 2021, doi:10.1021/acsfoodscitech.0c00083/
suppl_file/fs0c00083_si_001.pdf.

M. Sebastian Chavez-Jiménez, V. Nieto-Olazabal, and M. Fernando
Ruiz-Ruiz, “Production Chain of Commercial Alginate from
Sargassum (Macrocystis pyrifera) in Peru,” vol. 13, no. 1, 2023.

J. M. Andtjar-Palao, R. Ormachea-Hermoza, M. F. Ruiz-Ruiz, and C.
R. Chirinos-Cuadros, “Mineria del cobre en Peru: analisis de las
variables exogenas y endogenas para gestionar su desarrollo,” Rev.
Venez. Gerenc., vol. Afio 26 No. 94, pp. 784-801, 2021.

A. Castro-Arteta, C. Stefano Salazar-Mamani, and M. Fernando Ruiz-
Ruiz, “Structural characterization of sports supplement market,” 2023.
T. Veldkamp et al., “Overcoming Technical and Market Barriers to
Enable Sustainable Large-Scale Production and Consumption of
Insect Proteins in Europe: A SUSINCHAIN Perspective,” Insects
2022, Vol. 13, Page 281, vol. 13, no. 3, p. 281, Mar. 2022,
doi:10.3390/insects13030281.

L. S. Queiroz, N. F. Silva, A. F. de Carvalho, and F. Casanova, “Impact
of emerging technologies on colloidal properties of insect proteins,”
Curr. Opin. Food Sci., vol. 49, p. 100958, Feb. 2023,
doi:10.1016/j.c0fs.2022.100958.

M. Poji¢, A. Misan, and B. Tiwari, “Eco-innovative technologies for
extraction of proteins for human consumption from renewable protein
sources of plant origin,” Trends Food Sci. Technol., vol. 75, pp. 93—
104, May 2018, doi: 10.1016/J.TIFS.2018.03.010.

S. Ojha, S. BuBller, M. Psarianos, G. Rossi, and O. K. Schliiter, “Edible
insect processing pathways and implementation of emerging
technologies,” https://doi.org/10.3920/JIFF2020.0121, vol. 7, no. 5,
pp. 877-900, Jul. 2021, doi: 10.3920/JIFF2020.0121.



[39]

[40]

[42]

V. Stull and J. Patz, “Research and policy priorities for edible insects,”
Sustain.  Sci., vol. 15, mno. 2, pp. 633-645, Mar. 2020,
doi:10.1007/S11625-019-00709-5/metrics.

A. Djouadi, J. R. Sales, M. O. Carvalho, and A. Raymundo,
“Development of Healthy Protein-Rich Crackers Using Tenebrio
molitor Flour,” Foods 2022, Vol. 11, Page 702, vol. 11, no. 5, p. 702,
Feb. 2022, doi: 10.3390/FOODS11050702.

A. Baiano, “Edible insects: An overview on nutritional characteristics,
safety, farming, production technologies, regulatory framework, and
socio-economic and ethical implications,” Trends Food Sci. Technol.,
vol. 100, pp. 35-50, Jun. 2020, doi: 10.1016/J.TIFS.2020.03.040.

K. Zuk-Gotaszewska, R. Gatecki, K. Obremski, S. Smetana, S. Figiel,
and J. Gotaszewski, “Edible Insect Farming in the Context of the EU
Regulations and Marketing—An Overview,” Insects 2022, Vol. 13,

1000

[45]

Page 446, vol. 13, no. 5, p.
doi:10.3390/insects13050446.

Y. S. Wang and M. Shelomi, “Review of Black Soldier Fly (Hermetia
illucens) as Animal Feed and Human Food,” Foods 2017, Vol. 6, Page
91,vol. 6,no. 10, p. 91, Oct. 2017, doi: 10.3390/FOODS6100091.

M. Ros-Bar¢ et al., “Edible Insect Consumption for Human and
Planetary Health: A Systematic Review,” Int. J. Environ. Res. Public
Heal. 2022, Vol. 19, Page 11653, vol. 19, no. 18, p. 11653, Sep. 2022,
doi: 10.3390/IJERPH191811653.

L. W. D. van Raamsdonk, H. J. van der Fels-Klerx, and J. de Jong,
“New feed ingredients: the insect opportunity,”
https://doi.org/10.1080/19440049.2017.1306883, vol. 34, no. 8, pp.
1384-1397, Aug. 2017, doi: 10.1080/19440049.2017.1306883.

446, May 2022,





