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Results show dietary supplementation can improve
growth, feed utilization and immune responses in L.
vannamei
Insect meals have recently become an attractive alternative protein source for the production of
sustainable aquaculture feeds. In addition to their high protein levels, insects are also rich in lipids,
minerals and vitamins that support growth of shrimp and �sh. Insect larvae can rapidly convert low-
quality organic wastes into high-quality fertilizer or growth promoters in animal feeds and several
species of insects have been found to possess antifungal and antibacterial properties. The protein
content of insects ranges from 50 percent to 82 percent (dry matter basis) depending on the insect
species and/or their processing method.

Compared to most protein sources, insects farmed under controlled conditions could be a more viable
protein source than �shmeal in aquaculture feeds. Insects are rich in essential amino acids (AAs)
making them highly desirable as an excellent protein source for aquaculture. Many insects have been
reported to contain considerable amounts of the AAs taurine and hydroxyproline, both of which are
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lacking in plant protein sources. Therefore, insect meals can be a promising protein source aquafeed
production. Several insect species used in �sh feeds have also been reported to improve the immune
response, antioxidant activity and disease resistance of aquatic animals. But very few studies have
assessed the bene�ts of using insect meals as a protein source for shrimps.

There are over 1 million known insect species worldwide; insects represent the largest and most diverse
group within the Arthropoda phylum, but only a few species have been used for commercial purposes.
The dynastid beetle (DB, Allomyrina dichotoma) is widely used as a traditional medicine to treat many
diseases. The rice grasshopper (RG, Oxya chinensis) has long been used as a food source in Asia. The
black soldier �y (BSF, Hermetia illucens) is prominent among new ingredient candidates and its larvae
can consume materials such as food wastes and agricultural byproducts. The white-spotted �ower
chafer (WFC, Protaetia brevitarsis) has also been used in traditional East Asian medicine due to its

Results of this study to evaluate seven insect meals in diets for L. vannamei showed that shrimp growth
was signi�cantly improved when fed diets with black soldier �y or dynastid beetle meals. Also, the
dietary supplementation of insect meals signi�cantly improved non-speci�c immune responses and
antioxidant enzyme activity in the shrimp. These results indicate that the tested insect meals have high
potentials to be used as a protein source that could replace �sh meal in diets for the shrimp. Photo by
Fernando Huerta.
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excellent antithrombotic activity. The mealworm (MW, Tenebrio molitor) is commonly found in
agricultural products and is considered the most promising species for commercial production and
industrial applications. The two-spotted cricket (TSC, Gryllus bimaculatus) also has a long history of
traditional use in oriental medicine. The silkworm (SW, Bombyx mori) has long been reared worldwide
for the production of silk and is currently used for the commercial production of medical or industrial
biomaterials through genetic engineering.

Estimating the digestibility of a particular feed ingredient is the �rst step toward determining whether
the ingredients in question can be used safely in �sh and shrimp feeds. The Paci�c white shrimp
(Litopenaeus vannamei) is the most widely cultured shrimp species, but to the best of our knowledge,
very few studies have evaluated the digestibility of insect meals for L. vannamei culture.

This article – adapted and summarized from the original publication
(https://doi.org/10.1371/journal.pone.0260305) [Shin J. and K.J. Lee. 2021. Digestibility of insect
meals for Paci�c white shrimp (Litopenaeus vannamei) and their performance for growth, feed
utilization and immune responses. PLoS ONE 16(11): e0260305] – examined the potential use of the
above-described insects as protein sources for L. vannamei feed by evaluating their digestibility after
which we conducted a feeding trial.

Study setup
For the digestibility test of the seven insect meals tested in this study (sourced from local commercial
suppliers), a reference diet was formulated using tuna byproduct meal (TM) and soybean meal as the
major protein sources. Shrimp postlarvae were procured from a local shrimp hatchery (Tamra Shrimp,
Jeju, Korea) and reared until they reached the desired size. Then, a total of 264 shrimp (body weight:
5.15 ± 0.5 grams) were distributed into eight 240-liter acrylic tanks.

The animals were fed a reference diet for six days to be acclimated to the diets and tanks before the
fecal collection for the digestibility. The average water temperature and dissolved oxygen (DO) were
27.8 ± 1.25 degrees-C and 5.04 ± 0.36 mg/L, respectively. Shrimp in each tank were fed one of the test
diets twice daily at 3 to 4 percent body mass. Uneaten diet and fecal residues in each tank were
siphoned after each feeding, and feces samples were collected for various analyses.

For the feeding trial, a control diet was formulated using 27 percent tuna byproduct meal as a �sh meal
source and seven other diets were prepared replacing 10 percent tuna byproduct meal in the control diet
with each insect meal. Triplicate groups of shrimp (initial body weight: 0.17 grams) were fed the diets
for 65 days, and then data collected to determine various parameters, including �nal body weights,
growth rates, FCR, survival and others. Tissue samples were also collected for various lab analyses.

For detailed information on the experimental design and animal husbandry; preparation of all diets;
digestibility and feeding trials; and sampling and analyses, refer to the original publication.

Results and discussion
This study was the �rst to determine the digestibility of various insect meals for the production of
shrimp feeds. The apparent digestibility coe�cient (ADC) of the tested insect meals was 83–89 percent
for protein, 91–98 percent for lipid, 84–90 percent for energy, 77–81 percent for dry matter, 76–96
percent for AAs and 89–98 percent for fatty acids. Other researchers have reported that the ADC of MW
in L. vannamei was 76.1 percent for protein, 66.5 percent for energy, 45.9 percent for dry matter and
72–86 percent for AAs, showing relatively low values compared to our results.

https://doi.org/10.1371/journal.pone.0260305
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In our study, DB had the highest protein, lipid and energy ADC in L. vannamei (84–92 percent, 92
percent and 87–97 percent, respectively). Furthermore, lipid ADC of the tested insect meals was
relatively higher than those obtained from FM in previous studies. The availability of lysine and
methionine, the two most limiting AAs in the plant protein sources, of the tested insect meals, were 90–
95 percent and 87–93 percent, respectively, which was consistent with previous studies where lysine
and methionine availability of FM were ranged 92.0–92.7 percent and 93.9–94.7 percent, respectively.
Interestingly, all the tested insect meals had very high availability of taurine, which could be another
advantage of using the insect meals in shrimp feeds. The insect meals evaluated in this study exhibited
better digestibility than other previously reported protein sources. Overall, our �ndings indicated that
insect meals can be used as highly digestible protein sources in shrimp feed.

Our data for digestibility of chitin [a bioactive compound and a major constituent of insect
exoskeletons] of the tested insect meals was relatively lower (28–36 percent) compared to other
nutrients. Other researchers have reported that dietary insect chitin could partly be digested by L.
vannamei, and that insect chitin is likely to contribute directly or indirectly to the immune responses of
the shrimp. Nonetheless, dietary chitin levels should be carefully optimized, as excessive dietary chitin
supplementation (>10 percent) has been reported to reduce growth, feed utilization, and protein and
lipid digestibility in black tiger shrimp (Penaeus monodon).

In the feeding trial, dietary replacement of 17 percent �shmeal with each insect meal did not show any
signi�cantly reduced growth or feed utilization of L. vannamei. On the contrary, the insect meal
inclusions (or replacement of �shmeal) in the diets improved the growth performance of the shrimp.
Other authors have examined the dietary utilization of BSF for L. vannamei (1.2–16 grams) and
reported that BSF can replace 25 percent �shmeal without any negative effect; that  L. vannamei fed a
diet in which 50 percent �shmeal was replaced with a defatted MW had signi�cantly higher weight gain
and lower FCR than a control group (no replacement); and that insects have great potential as a protein
source in �sh feeds due to their good AA pro�les and high levels of taurine and hydroxyproline
compared to most plant protein sources. Other research also indicated that intestinal microbial
communities, anti-in�ammatory factors and digestive enzyme activity of �shes could be enhanced by
the inclusion of insect proteins in their diets.

In our study, the tested insect meals appeared to meet all the nutritional requirements of L. vannamei, at
least at the tested �shmeal replacement levels. More importantly, the proximate composition of the
whole-body shrimp was not in�uenced by the inclusion of the tested insect meals, which are consistent
with previous studies on SW or BSF. But in contrast, other researchers have reported that feeding L.
vannamei with non-defatted MW increased their whole-body lipid content. These discrepancies may be
due to variations in the nutrient contents of the insect meals as well as processing methods and life
cycle stage of the insects and their dietary formulations.

Our �ndings also revealed that dietary supplementation of the tested insect meals can improve the
innate immune responses and antioxidant enzyme activities of L. vannamei. Insects are known to
contain a variety of antimicrobial compounds [antimicrobial peptides, AMPs] which possess several
health-promoting properties including antibiotic activity. Therefore, the AMPs present in the tested
insect meals could explain the enhanced innate immunity and antioxidant enzyme activity of the
shrimp in our study. A study is needed to con�rm the effects of dietary supplementation of insect AMPs
on shrimp immune responses and physiological activities.

Dietary inclusion of the tested insect meals also affected fatty acid composition of the shrimp muscle,
which mirrored the fatty acid composition of the diets. The fatty acid pro�les of the tested insect meals
exhibited relatively high levels of monounsaturated fatty acids, MUFA and polyunsaturated fatty acids,
and low levels or a lack of highly unsaturated, omega-3 fatty acids (docosahexaenoic acid, DHA; and
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eicosapentaenoic acid, EPA) compared with �shmeal. Many studies have reported that dietary inclusion
of insect meals increases MUFA concentration and decreases highly unsaturated fatty acids (DHA and
EPA) levels in muscle of shrimp and �sh.

Terrestrial insects lack DHA and EPA, but the fatty acid composition of insects can be affected by the
nutrient contents of their feeds during their growing stages, as reported by various researchers.
Therefore, the fatty acid pro�les of insects are thought to be easily modi�ed, which is another bene�t of
using insect proteins in aquaculture feeds. And the oil fraction and bioactive compounds in BSF could
be a reason for the enhanced shrimp growth and immune responses observed in this study.

Perspectives
Our results demonstrate the applicability of the tested insect meals as protein sources for L. vannamei
feed. Dietary supplementation or �shmeal replacement with the tested insect meals could improve the
innate immunity and antioxidant capacity of the shrimp. However, further studies are needed to
characterize the properties of the bioactive compounds contained in the insect meals and to assess
their effects and safety.
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