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ABSTRACT

Objective: to analyze the available information about the potential of Tenebrio molitor for feeding livestock
species.

Design/Methodology/Approach: we searched for scientific information available in national and international

databases with the search criteria “sustainable livestock”, “climate change”, “animal nutrition alternatives”,

“Tenebrio molitor”, “nutritional properties of Tenebrio molitor”, “Tenebrio molitor meal”, “consumption of Zenebrio
molitor”, “weight gain of cattle fed with Zenebrio molitor”, “weight gain of poultry fed with Zenebrio molitor” and
“use of Tenebrio molitor in livestock” both in English and Spanish.

Results: Tenebrio molitor larvae meal has a high content of crude protein and essential amino acids, which
makes it an ideal supplement for monogastric livestock species; especially, broiler chickens.
Limitations/Implications of the study: studies reported on monogastric livestock species in tropical
conditions are scarce, unlike it occurs with similar studies in ruminants.

Findings/Conclusions: the species Tenebrio molitor presents an option for protein supplementation of livestock.
It stimulates consumption and feed conversion in broiler chickens. It is advisable to promote research with this
supplement in cattle and other ruminants.

Keywords: alternative livestock, edible insects, animal nutrition.

INTRODUCTION
The accelerated population growth of recent decades (FAO, 2009), and the high
demand for food inherent to this growth, have exceeded the capacity of soils to maintain
constant productivity, which leads to environmental degradation and
risks to the productive stability of agricultural systems (Cisneros,
2019). In addition, humanity is facing a scarcity of natural

resources such as land, water, and energy, with an increase

in greenhouse gases (GHG) emission due to production
models that generate changes in climate and rainfall patterns
(Gonzalez, 2023). Livestock farming is responsible for the
largest amount of protein consumed by the population
and is vital for maintaining people’s health. Faced
with the aforementioned scenarios, the scientific
and technical community is focused on the global
search for alternative responses that allow increasing
production levels without affecting natural resources.

It has been established that conventional livestock

farming is the main source of GHG emissions in
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agriculture land use. Oonincx ez al. (2010) showed that Tenebrio molitor had a higher rate of
organic feed utilization and lower CO,, N,O and NH; emissions than any conventional
livestock species. Therefore it may constitute an important option for the production of
protein for human consumption or livestock feed. The use of 7. molitor beetle larvae is
increasingly accepted in human food, which can become a sustainable option for obtaining
food. In addition, organic waste is used to feed this insect (van Broekhoven et al., 2015).
The objective of this documentary research was to compile, analyze and systematize the
scientific and technical information available in the specialized literature on the properties

and potential uses of the species Zenebrio molitor in livestock farming.

MATERIALS AND METHODS

The bibliographic review was implemented from January 2023 to February 2024,
through the search for scientific publications in several certified databases on the web
and electronic journals available on the internet such as GSIRO Publishing, Scielo,
CONAHCY'T Science journals, NCBI, Scientific Research, Dialnet, DIGITAL.CSIC,
Redalyc, Plos/One, Science Direct, National Agricultural Library, Cambridge Core,
Springer, and Elsevier.

The search included scientific articles, bibliographic reviews, and book chapters, which
were made visible with the use of search terms and keywords such as “sustainable livestock
farming”, “climate change”, “animal nutrition alternatives”, “Tenebrio molitor”, “nutritional
properties of Tenebrio molitor”, ““Tenebrio molitor meal”, “consumption of Tenebrio molitor”,
“weight gain of cattle fed with Zenebrio molitor”, “weight gain of poultry fed with Zenebrio
molitor” and “use of Tenebrio molitor in livestock farming”, both in English and Spanish.

The search was done without restriction of publication date, but most of the material
published in the last five years was chosen. Then, the study and synthesis of the bibliographic
issues consulted was elaborated to identify the central theme of the document. In total,
145 documents that met the search criteria were located and reviewed, of which 35 were

selected for greater affinity with the objective of this documentary research.

Main limitations of Nutrition in Livestock systems

Currently, breeds of livestock species with high genetic potential are used in livestock
systems worldwide to obtain good quality products in a shorter period of time (Grossi et
al., 2009). However, for the productive parameters to be expressed, it is necessary to cover
the nutrient requirements of livestock, mainly in terms of energy and protein. In this sense,
it has been established that in the expression of productive value of a livestock species,
approximately 30% corresponds to genetics, and 70% to the environment, where nutrition
is a key factor (Pomar ez al., 2019).

In the case of ruminant farming, feeding is based on the use of improved native and
introduced grasses. However, these resources present problems in the availability and
quality of biomass, especially in the tropics. Agricultural drought limits plant growth
due to water deficit. This situation generates a deficient production, especially when the
deficiency is protein. Different alternatives are studied to access protein sources, including
bone meal (Pomar et al., 2019), fish meal, and blood meal (Vignesh and Srinivasan, 2012).
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These supplements result in high costs and have long-term negative alterations in ruminant
nutrition. Other options for providing protein to ruminants include the foliage of some
trees and shrub species. However, the use of foliage is affected by the presence of secondary

metabolites, in particular tannins that decrease voluntary consumption.

Use of Insect Meal for Animal Feed

Among the recent options to promote sustainable meat production, the use of insects as
feed ingredient for some animal species is proposed (Cullere ez al., 2022). Specifically, insect
meal as an alternative protein ingredient; which has opened a debate on the possibility of
increasing the sustainability of production systems combined with an improvement in the
quality of livestock products (Reis and Dias, 2020); with the added environmental benefit
that insects are grown on waste substrates and organic by-products (Veldkamp et al., 2012).
Insectfarmingis considered alow-cost production, requires small spaces, little infrastructure,
and does not generate a carbon footprint, all of which are important characteristics in
a sustainable alternative. Insects have a lower environmental impact compared to other
protein sources such as egg protein, fishmeal or whey (Smetana et al., 2019). In the poultry
industry, insect meals are especially important for their high content of crude protein and
ether extract, as well as an essential amino acid profile suitable for feed (Novodworski et
al., 2023). This meal has an amino acid profile and essential amino acid indices similar
to those present in soybean meal, commonly used in this industry (Veldkamp et al., 2012).

As an example, the inclusion of housefly meal (Musca domestica) in the diet of broilers
as a substitute for plant-based protein sources provides an increase in the digestibility
coefficient of dry matter, crude protein, crude fibre and ether extract (Khan et al., 2018).
Several trials have been implemented on the digestibility by different species of aquaculture
fish and shellfish fed with diets based on insect meals such as Zenebrio molitor and Hermetia
illucens; positive results have been obtained in that sector.

Among the most studied species for the industrial production of meals and pelleted feeds
are silkworm (Bombyx mori) pupae and adults, housefly larvae (Musca domestica), Mealworm
beetle larvae (Tenebrio molitor), Black soldier fly larvae (Hermetia illucens) and Californian red
worm (Eisenia fetida). However, in some of these species the presence of chitin is found, that
could cause a decrease in the digestibility of nutrients, which is a negative effect on animal
yield (Gasco et al., 2019). In livestock farming, the use of insect proteins gains significant
attention in research, and currently also in practices (Poveda, 2021). An example is the
substitution of fishmeal in the trout diet with meal from worms larvae (Thévenot et al.,

2018).

Biological characteristics of Tenebrio molitor

Tenebrio molitor is a beetle (Coleoptera) in the Tenebrionidae family. The larvae measure
around 2.5 cm or a little more, while the adults can measure up to 2 cm long. They are
considered as a pest, that can be found on stones, trunks, and in the production and storage
of different grains. They also serve as decomposers because they feed on dead insects,
feces, plants, seeds, and fallen leaves. Originally, 7" molitor is an insect native to Europe, but
today it is distributed throughout the world (Ramos-Elorduy, 2008).
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The anatomy in adults consists of the head being of the tenebrionid type with
prognathous mouthparts hidden dorsally by an enlarged epistoma. The metathorax is of
the typical beetle type, but is partially declerotized, indicating the lack of flight (Doyen,
1966). This beetle has a holometabolous development, which means that it has four phases:
egg, larva, pupa and imago. The eggs are white and less than 1.5 mm long, hatching
between 8 and 10 weeks. The pupae measure from 1.5 mm to 1.8 mm and this phase lasts
from 8 to 10 weeks where the insect remains immobile. The larva has a size of 1.6 mm to
3.5 cm, its life in this state is from 1 to 6 months; this time will depend on factors such as
humidity, temperature and light exposure. Adults measure from 1.5 cm to 1.8 cm and have

a lifespan from 8 to 62 days.

Nutritional characteristics of Tenebrio molitor

T molitor larvae are used as a source of protein and fatty acids (Paul et al., 2017). The
production of 7. molitor larvae requires little space, basic care management, and no special
equipment is required. Larvae are used for the manufacture of meals and feed for livestock,
because the adults of this species have a high concentration of chitin, while in the larvae the
concentration of this structural carbohydrate is low (Novodworski ez al., 2023).

T’ molitor flour contains approximately 54.19% crude protein on a dry basis, with a
maximum of 63.67% and a minimum of 45.83%; while for the ether extract the average
concentration is 27.97%, with a maximum of 34.20% and a minimum of 21.57% (Pictras
et al., 2021). The nutritional content of 7. molitor larvae is 38% dry matter, of which
approximately 20% corresponds to crude protein and 20% to fat. When they are processed
into flour the content changes to 53% protein, 28% fat, 6% fiber and 5% moisture (Secci et
al., 2018).

Likewise, Dalle-Zotte ez al. (2024) reported a high presence of essential and non-essential
amino acids in 70 molitor larvae. Among the essential amino acids, these composition and
proportions include arginine (0.64), histidine (0.53), isoleucine (0.41), leucine (0.92), lysine
(0.83), methionine (0.02), phenylalanine (0.45), threonine (0.50) and valine (0.61). Whereas,
the non-essential amino acids proportions are alanine (1.06), aspartic acid (1.22), cysteine
(0.06), glutamic acid (1.80), glycine (0.80), proline (1.05), serine (0.69), tryptophan (0.17)
and tyrosine (0.78).

Environmental impact of using Tenebrio molitor

The water, energy, land, and food resource requirements for larvae production are
significantly lower compared to traditional livestock faming; this includes the production
of protein sources for animal feed (Gravel and Doyen, 2020). In addition, these insects are
capable of consuming a wide variety of organic materials, such as complex polysaccharides,
and transforming these substrates into biomass that can be used for the production of
biofuels (CGemil, 2024). This not only reduces waste volumes, but also mitigates GHG
emissions from the decomposition of organic waste.

Therefore, it contributes to the principles of a circular economy, since the waste of this
insect becomes a valuable resource (Wang ez al., 2017). Its dung has properties that make
it useful as an organic fertilizer, with a C:N ratio (13:8) and NPK contents (29%, 34%
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and 22%) similar to those of poultry waste (Thévenot et al., 2018). It should be noted that
in addition to taking advantage of the excretes of these worms and their flour, the lipids
they contain are also used. These insects produce an oil that can be used to generate feed,

cosmetics or bioenergy, even competing directly with vegetable oils.

Effect of the use of Tenebrio molitor on the production parameters of livestock

Insects as a protein base promise potential increases in food security and environmental
sustainability of food production. If the efficient use of land in their production is also
considered (Alexander et al., 2017), insect proteins are positioned as products that
generate lower levels of environmental impact, due to a relatively lower carbon footprint
(Sanchez-Muros et al., 2014) compared to the carbon footprint generated by ruminant
animals.

In the poultry industry, it has been proposed that low doses of insect meal can act as
intestinal prebiotics; this becomes an alternative to traditional antibiotics (Colombino et
al., 2021). On the other hand, live larvae improve feeding stimulus; in quail, the average
feed intake of live larvae of 7. molitor was 4.84 g per day (Dalle-Zotte et al., 2024). However,
larvae were less digestible than the control diet, due to chitin that can act as an anti-
nutritional factor and reduce the digestibility of the protein fraction (Kroeckel et al., 2012).
The effect will depend on the dose and the species of the poultry, as some species have
enzymes that can hydrolyze glycoside bonds, allowing them to be digested.

The use of 7. molitor meal has been tested on broilers of different breeds and in different
presentations. In the implemented studies, the behavior has varied. This may be due to the
genetics of the poultry and the particular conditions of the experiments. Some results are

sumarized in Tablel.

Table 1. Relevant aspects in the research of Tenebrio molitor as a supplement in livestock production and documentary sources.

Breed Sex Suppler(;;oe)ntation Findings Source
Differences in daily weight gain and feed conversion ratio
Ross 508 Males 0.2,4y8 g?ﬁi%é?eiieiif’t}\::eitvlvleti}glflth(i)%lzzsrtclaeg:lcs)rogii;sc,htlljiigﬁé or Hlahierat 2020
breasts.
Shaver Brown | Males 0,29 65 No difference was observed in daily weight gain or carcass Bovera et al. (2015)

yield. Decreased feed conversion was observed.

Increase in daily weight gain and voluntary intake. There
Ross 308 Females 0,0.2y0.3 were no differences in total albumin in the blood or protein. | Hong et al. (2020)
Decrease in non-esterified fatty acids in the blood.

Females and Increase in daily weight gain at 0—10 days. There was no
Arbor Acres 0,25y5 difference in voluntary intake, feed conversion, carcass Sedgh-Gooya et al. (2021)

1 . .
rates yield, and organs proportion.

Hubbard Females 0,7y5 No difference was observed in weight gain, carcass yield, or Biasato et al. (2016)

intestinal morphology.

Increase in crude protein content between 12 and 15 days.
Ross 708 Males 0,5, 10y 15 Increased voluntary intake and feed conversion. There was | Biasato et al. (2018)
no difference in carcass yield.
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CONCLUSIONS

The meal of Tenebrio molitor larvae is presented as a sustainable source of high-quality
protein and fatty acids, which is important for the livestock industry. Due to a high content
of essential amino acids, its use in monogastric livestock species, especially broilers, has
been prioritized as the results are encouraging. Therefore, in scientific terms, we considered
necessary to extend this research onto minor and major ruminant species. Also, in practical

terms, it is advisable to promote commercial farms of yellow meal worm, 7. molitor.
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