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Abstract. This study explores substituting commercial feed for rainbow trout (Oncorhynchus mykiss)
with Tenebrio molitor larvae. Edible insects, such as Tenebrio molitor, are an excellent and cost-effective
protein source with a low environmental footprint. This species has the potential to replace conventional
protein sources and be incorporated into various products. The study used rainbow trout fry, divided into
two groups of 50 specimens each. The experimental group was fed exclusively with dried T. molitor
larvae, while the control group received commercial granulated feed. Growth performance was monitored
over 12 weeks, with weight measurements taken biweekly. Results indicated that after two weeks of
transitioning from granulated feed to dried larvae, the experimental group exhibited increased body
mass. However, the control group achieved higher overall growth rates, likely due to their familiarity with
the granulated feed. Typically, rainbow trout recognized granulated feed more easily than T. molitor
larvae. Incorporating larvae into a granulated form could improve feed recognition by the fish.
Alternatively, a longer feeding period may allow for better adaptation to the larvae diet.
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Introduction. The global interest in cultivating the mealworm, Tenebrio molitor, has
experienced a significant surge in recent years. This trend is primarily attributed to the
growing demand for sustainable alternative protein sources (Hegedus et al 2023; Sava et
al 2023; Muntean et al 2024) and to the decision of the European Food Safety Authority
in 2021 to approve Tenebrio molitor as a novel food in the human diet, as authorized by
Regulation (EU) 2015/2283 (Turck et al 2021). Exploring the nutritional aspects of
salmonids is essential for promoting sustainable aquaculture (Ihut et al 2020; Cocan et al
2018), safeguarding wild stocks (Latiu et al 2020; 2022), and enhancing our knowledge
of ecological and food system resilience (Uiuiu et al 2020; 2024).

Tenebrio molitor is an omnivorous species that can feed on almost any plant or
animal-based product, such as meat or feathers (Ramos-Elorduy et al 2002). This species
undergoes complete metamorphosis (Figure 1), with a variable lifespan ranging from 280
to 630 days and consisting of four distinct stages (Ghaly & Alkoaik 2009). Eggs hatch at
10-12 days at a constant temperature of 18-20°C.

The larval stage of the mealworm is the longest phase of its life cycle, during
which it undergoes 8 to 20 successive molts. This stage typically lasts 3 to 4 months at
ambient temperatures, but can extend up to 18 months under unfavorable conditions.
Mature mealworms are yellowish with brownish markings, measuring 20 to 32 mm in
length and weighing between 130 and 160 mg. To increase larval size and delay
metamorphosis, some producers incorporate juvenile hormones into the mealworms'
diet. This method can produce larger specimens weighing up to 300 mg (Finke 2002).
The pupal stage lasts 7 to 9 days at 25°C, but at lower temperatures, it can extend to as
long as 20 days.
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Figure 1. The complete metamorphosis of mealworm Tenebrio molitor. Bw - body weight;
processed information from Canteri de Souza et al (2018) and Hong et al (2020).

The larvae of T. molitor are a nutrient-dense food source, containing an average of 24.13
g of protein, and 6.14 g of lipids per 100 g, along with a variety of vitamins and minerals
(Orkusz 2021). They can be incorporated into animal feed in several forms, including
fresh, dried, or powdered (Henry et al 2015). This study aimed to evaluate the potential
of replacing commercial feed for rainbow trout Oncorhynchus mykiss with dried T. molitor
larvae.

Material and Method. The research was conducted at a salmonid farm in Transylvania,
utilizing rainbow trout O. mykiss fry as the biological material. Two groups were
established: a control group (CG) and an experimental group (EG), each consisting of 50
specimens. At the start of the trial, the average body weight was 47.12+0.13 g for the
CG and 47.20+0.16 g for the EG. The T. molitor larvae used in the study were raised on
a substrate of wheat bran and carrots. Larvae were harvested weekly, prior to
metamorphosis into pupae during the final molting stages. At this stage, they were easy
to collect and appropriately sized for fish consumption. The harvested larvae were oven-
dried at 120°C for 1 hour. Physicochemical analysis of the larvae included the
determination of moisture content using oven-drying, fat content via the Soxhlet method,
and protein content using the Kjeldahl method, as described by Iurca & Raducu (2005).
The dried T. molitor larvae were administered to the experimental group using an
automatic feeder, allowing ad libitum consumption. The control group received Aqua
Garant commercial feed with 3 mm granules tailored to the fish's age category. The
substitution of trout feed with mealworms required an acclimation period of
approximately two weeks, followed by biweekly body measurements over the next ten
weeks. The experiment lasted 12 weeks. All collected data were statistically analyzed
using ANOVA, with differences between the groups determined via a T-test.
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Results and Discussion. Mealworms exhibit a high crude protein content, ranging from
47 to 60%, and a crude fat content between 31 and 43%, with approximately 60% water
content. The ash content is relatively low, below 3%, but still higher than that found in
conventional meat sources. The nutritional composition of T. molitor larvae is influenced
by their diet (Klasing et al 2000). Chemical analysis comparing T. molitor larvae and
commercial feed showed that both feed types have similar average values for crude
protein and fat content (Figure 2).
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Figure 2. Chemical analysis of Tenebrio molitor larvae compared to commercial feed.

The physicochemical composition of Tenebrio molitor larvae, expressed on a dry matter
basis, is presented in Figure 3. The average values obtained in this study are consistent
with those reported by Orkusz (2021) and exceed the protein and fat content found in
pork and beef.

70,00%
64.02%

60,00%

50,00%

35,98%
40,00%

30,00%
21,29%

o,
20,00% 13,56%

10,00%
1,13%

0,00%
OMoisture  ODry matter Fat O Protein Minerals

Figure 3. The physicochemical analysis of Tenebrio molitor larvae reported to the dry
matter content.
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During the study, a lower growth was observed for the experimental group compared to
the control group (Figure 4). In the control group, fish easily detected the commercial
feed due to its oily and aromatic components. Despite the high nutritional profile of
mealworms for fish, their dry form and placement on the water surface did not emit
sensory stimuli to attract fish, resulting in reduced consumption. Consequently, both
groups maintained the same average body weight of 47 g at the end of the initial two
weeks. However, from week 4 onward, the control group showed a significantly higher
average body weight of 72.06+£0.23 g, compared to the experimental group, which had
an average of 60.64+0.30 g.
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Figure 4. The growth dynamics of the rainbow trout feed with Tenebrio molitor larvae; * -
p<0.05; *** - p<0.001.

Conclusions. In summary, after an initial adaptation period, the rainbow trout started
consuming T. molitor larvae. However, the feeding rate decreased significantly. Despite
these challenges, T. molitor larvae have demonstrated their potential as an alternative
feed for rainbow trout, as they are easy to farm on plant-based substrates, grow rapidly,
and are rich in both fat and protein. These larvae could potentially replace conventional
commercial fish feed either partially or entirely. To maximize their use in aquaculture, it
is essential to offer T. molitor larvae in granulated form, supplemented with fish oil and
other necessary nutrients. This will not only improve the nutritional profile of the feed,
but also enhance its olfactory appeal to the fish, ensuring better consumption rates.
Overall, while T. molitor larvae offer a promising protein source, their successful
integration into aquaculture systems depends on the proper formulation and optimal
environmental conditions to ensure their effectiveness.
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