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The current study evaluated the potential enhancement of lauric acid (LA) in black soldier fly, Hermetia illucens,
(L.) (Diptera: Stratiomyidae) larvae (BSFL), a source of this short-chain fatty acid which has antimicrobial and
immunostimulatory properties. Replicate groups of BSFL were reared on either the coconut or Gainesville diet
for 7 days. After the rearing period, BSFL were harvested, purged, dried, and subjected to proximate, fatty acid
and amino acid compositions, and pepsin digestibility analyses. Results demonstrate changes in proximate
composition. BSFL reared on the coconut had significantly (P=0.002) higher lipid content (47.3% vs. 25.2%) on
a dry-matter basis. The LA concentration in BSFL produced on the coconut was 31% greater than those reared
on Gainesville, resulting in almost 150% more LA. Furthermore, BSFL-fed coconut had reduced crude protein
(29.7% of dry weight) and ash (3.7% of dry weight) relative to those fed Gainesville (43.4% and 7.5% for crude
protein and ash, respectively) but higher pepsin digestibility (91.0% vs. 87.0%). The relative amounts of var-
ious amino acids in the 2 BSFL meals did not differ extensively, with statistically lower concentrations of only
phenylalanine and tryptophan and higher concentrations of alanine, arginine, isoleucine, leucine, and serine
in BSFL reared on coconut. Results demonstrate that the nutritional composition of BSFL can be manipulated,
and an enhancement of LA concentrations of 150% was achieved with coconut, which has value for BSFL as a
feed for various livestock, including aquaculture. Lower protein content is a tradeoff in terms of BSFL value as
a feed additive.
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Introduction production animals to various pathogens, has considerable potential
(e.g., Gatlin IIT and Yamamoto 2022).

The proliferation of various infectious diseases is often associated . ) .
Lauric acid (LA) has been identified as one such natural com-

with intensive animal production practices, as seen in various types ] . . . .
nalp P T P pound with potential benefits to livestock health. This fatty acid
of aquaculture (Lieke et al. 2020). Not surprisingly, the death of : . . . . .
. . . . . . . is found naturally in various plant oils being a major component
fish and other aquatic species due to infectious diseases is a primary

factor negatively impacting the economic viability of such livestock
production in the United States, as well as other countries. Thus,

preventing disease is a priority, but often is not realized and results

of palm kernel oil and coconut oil. LA is also present in high
concentrations in insect fats and oils (Hossain et al. 2023, Suryati et
al. 2023), particularly those from black soldier fly Hermetia illucens,
. . L.) (Di : i i 1 BSFL). A ium-chain f

in the need for treatment (i.e., added expense). In recent years, ( _)( iptera Stratlo@yldae) arYae( S . ) sa{nedmm chaimn ‘atty
e . . acid, LA has a very high absorption efficiency, being used as a direct
the utilization of chemotherapeutics to treat pathogens, especially . . . .
g . energy source rather than being stored as hepatic fat in terrestrial an-
antibiotics for bacterial pathogens, has fallen out of favor due to
numerous problems, including high costs, limited efficacy, antibiotic
resistance, and potential environmental issues. As such, the use of

feed additives, which can not only inhibit pathogens but also en-

imals (Benzertiha et al. 2020). In addition, due to its rapid oxidation
and low deposition rate, dietary LA supplementation can prevent
hepatic steatosis and decrease lipid deposition in the intraperitoneal

. . . . fat tissue of some aquatic animals (Li et al. 2016, Belghit et al. 2018).
hance the immune response and increase the resistance of various
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However, the most interesting characteristic of LA is its inhibitory
activity against viruses, bacteria, and parasites, with the potential
to improve gut health and enhance the immune status of animals
(Lieberman et al. 2006, Zeitz et al. 2015, Ushakova et al. 2016). LA
is known for its antimicrobial effects on gut microbiota, being par-
ticularly active against Gram-positive bacteria (Dierick et al. 2002,
Sk¥ivanova et al. 2005, Spranghers et al. 2017). Positive effects of
dietary BSFL supplementation along with poultry byproduct meal
were reported for barramundi (Later calcarifer) in regard to gut
histomorphology, immunity, and resistance to the bacteria Vibrio
harveyi (Chaklader et al. 2019). Rainbow trout (Oncorbynchus
mykiss) fed a diet in which 5% of soybean meal was replaced with
BSFL meal also showed a significantly higher cumulative survival
than fish fed the control diet 10 days after being challenged with
Aeromonas salmonicida (Cho et al. 2022). After 6 wk of feeding the
BSFL diet to trout, they showed significantly higher expression of in-
terleukin 1, interleukin 8, and immunoglobulin M genes compared
to fish fed the control diet. These results were largely attributed to
the presence of high levels of LA in diets containing BSFL meals.
Therefore, LA derived from insects could provide an important
added value when insects are used as a protein and/or lipid source in
the diets of monogastric animals, including fish (Gasco et al. 2018).

BSFL meals have been researched more than other insect meals.
Historically, initial efforts focused on the use of BSFL meal as feed
for poultry (Hale 1973) and fish (Bondari and Sheppard 1981, 1987)
in terms of growth and survivorship. More recent initiatives have
provided increasingly granulated exploration of the effects of dietary
BSFL on feed conversion (Abd El-Hack et al. 2020), meat quality
(Cullere et al. 2016), and gastrointestinal health (Biasato et al. 2019,
2020) of animals including swine (Spranghers et al. 2018) and var-
ious fish species (Hossain et al. 2023). Given the fact that BSFL meal
is a rich source of LA and has numerous potential health benefits,
additional investigations with various animal species focusing specif-
ically on health effects are anticipated. The objectives of the current
study were to investigate the degree to which LA could be increased
in BSFL using fruit naturally rich in LA. Examples include palm
kernel, which was previously mentioned, as well as lemon, kum-
quat, and durian. In this study, coconut was used. This was accom-
plished by conducting 2 separate rearing trials and comprehensively
evaluating the nutrient composition of BSFL reared on standard and
coconut substrates.

Materials and Methods

Acquisition of BSFL

The BSFL were purchased from EVO Conversion Systems, LLC
(College Station, TX, USA). The average initial larval weight was
measured on an Adventurer PRO AV64 (Ohaus Cooperation, Pine
Brook, NJ, USA). BSFL used in this experiment weighed approxi-
mately 0.011 g at the start of the experiment. BSFL were stored in a
Rheem Environmental Chamber (Ashville, NC, USA) at 26 °C, 60%
relative humidity, and 16L:8D until the initiation of the experiment.

Acquisition of BSFL and Diet Preparation

Larvae were fed either desiccated coconut (Celebes Coconut
Cooperation, Barangay Banza, Butuan City, Philippines) or a con-
trol (Gainesville diet: 50% wheat bran, 30% alfalfa meal, 20%
yellow corn flour) (Hogsette 1992) in 2 separate trials. Each co-
conut treatment consisted of 2.4 kg of desiccated coconut placed
inside a Hefty 2.5-gal Jumbo Storage Slider Bag with 5.6 kg of re-
verse osmosis (RO) water. Twelve coconut treatment replicates were
prepared due to the uncertainty of larval development to harvest.

Preliminary studies showed that desiccated coconut needed at least
24 h to absorb the water; therefore, the mixture was allowed to soak
in the storage bag for 24 h before being used in the study. The dry
Gainesville diet was hydrated to 70% moisture in a similar manner.
The control diet was prepared by mixing approximately 2.4 kg of
dry Gainesville diet with 5.6 kg of RO water immediately before use,
as it did not need to be soaked. Three Gainesville control replicates
were prepared.

Experiment Design

Each replicate was inoculated with approximately 6,000 14-day-
old larvae fed a total of 8 kg of coconut or Gainesville diet (i.e.,
treatments) as described above. presoaked coconut or Gainesville
diet was placed in the center of a 5.7-L Sterilite clear storage con-
tainer (Townsend, MA, USA) with 800 g of dry Gainesville to pre-
vent developing larvae from escaping. Larvae were placed on top
of the diet in the center and allowed to feed for 7 days in the en-
vironmental chamber described above. To determine average larval
weight at the time of harvest, 4 coconut replicates were randomly
selected as a subsample, and all 3 Gainesville replicates were used
to estimate the average final individual larval weight. Based on ap-
pearance, 10 largest larvae were selected from each replicate and
weighed on the Adventurer PRO scale described above to determine
the average final larval weight. This approach was taken to stand-
ardize daily measurements and minimize disrupting larval-substrate
dynamics. The remaining larvae were separated from their diets via
negative phototaxy, which included placing larvae and their diet on
a 1/8” metal screen placed over a 5.7-L Sterilite clear storage con-
tainer. Sunlight was used as the light source to drive larvae through
the metal screen. Sifted larvae crawled through the screen and col-
lected inside the Sterilite container. Collected larvae from the repli-
cate containers associated with each treatment were pooled, placed
in 3.8-L Ziploc Freezer Bags (S.C. Johnson & Son, Racine, WI, USA)
and stored at =20 °C until dried. Aliquots of approximately 500 g
of frozen BSFL biomass from each treatment were spread over metal
trays (50 cm x 50 cm) and oven-dried for 36 h at 50 °C to achieve
a constant weight. After cooling, the dried larvae associated with
each treatment were pooled to provide 1 composite sample per
treatment and were stored at =20 °C until analyzed for biochemical
composition.

Biochemical Analysis

All nutritional analyses were conducted on duplicate samples of
finely ground BSFL biomass reared on each substrate. The only
exception was pepsin digestibility, for which only one determina-
tion was made by a commercial laboratory (SDK Laboratories,
Hutchinson, KS, USA). The proximate composition of dried BSFL
samples was measured in accordance with standard methods (AOAC
2005). Briefly, dry-matter content was determined gravimetrically
by drying the ground samples overnight at 105 °C. Crude protein
was estimated as N x 6.25 by a LECO 828 Nitrogen and Protein
Determinator (St. Joseph, MI, USA). Ash/organic matter content
was determined by combustion in a furnace at 650 °C for 3 h, and
crude lipid content was determined by chloroform-methanol ex-
traction (Folch et al. 1957). A lipid droplet subsample was isolated
and preserved in N, at -80 °C prior to the characterization of the
fatty acid profile by flame-ionized gas chromatography (Smith et al.
2012). The monounsaturated/saturated fatty acid ratio (MUFA:SFA
ratio) was calculated by dividing MUFA values by SFA values ac-
cording to the formula: (C16:1 + C18:1C + C18:1T)/(C12:0 + C14:
0 + C16:0 + C18:0), where C16:1 is palmitoleate; C18:1c is oleate;
18:1t is vaccenate; C12:0 is laurate; C14:0 is myristate; C16:0 is
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palmitate; and C18:0 is stearate. The quantification of amino acids
in samples of BSFL reared on different substrates was accomplished
using a UPLC system with an integrated tunable ultraviolet de-
tector (Acquity system, Waters Corporation, Milford, MA, USA)
and MassTrak AAA Solutions Kit (Waters Corporation, Milford,
MA, USA). Samples were digested in 6 N HCI (BDH3028; VWR
International, Center Valley, PA, USA) at 110 °C for 24 h, after which
they were deproteinized with 1.5 mol/L HCIO, (9552-05; JT Baker,
Center Valley, PA, USA), neutralized with 2 mol/L K,CO, (P5833;
Sigma-Aldrich, St. Louis, MO, USA), and centrifuged (12,000 x g,
5 min). The supernatant fluid was filtered through 0.2-um polycar-
bonate syringe filters (28145-491; VWR International, Center Valley,
PA, USA) before derivatization and analysis as previously described
(Castillo et al. 2015).

Statistical Analysis

Data for percent dry matter, protein, lipid, percent ash, pepsin di-
gestibility, and LA content were collected for dried BSFL produced
from Gainesville or coconut substrates. Similar data were collected
for all amino acids and fatty acids ranging from C12 to C20. For
each variable, and following tests for normality (Kolmogorov—
Smirnov) and equal variance (Bartlett’s) being confirmed, a Student’s
t-test was utilized to establish significant differences between the 2
treatments. A #-test was used to determine differences in final larval
weight, given that the data met basic assumptions. Differences were
considered significant when the probability value was P < 0.05.

Results

BSFL in all replicates reared on both the control and coconut
substrates appeared to grow and survive normally over the 7-day
period. Larvae fed coconut were significantly (P < 0.001) larger
(0.170 g = 0.066 g) than those fed Gainesville (0.148 g = 0.041 g).
Analyses demonstrate differences in the proximate composition of
harvested BSFL (Table 1). The BSFL reared on the coconut substrate
had significantly (P =0.002) higher lipid content but significantly
reduced crude protein (P = 0.001) and ash (P = 0.002) composition
compared to those fed the control substrate. The pepsin digesti-
bility of BSFL reared on the coconut substrate was also numerically
higher than that of the control substrate, but due to a lack of repli-
cate observations, statistical analysis could not be performed (Table
1). Fatty acid analysis revealed that the LA concentration of BSFL
produced on the coconut substrate was over 31% higher than those
reared on the Gainesville substrate when expressed as a percentage
of total fatty acids (Table 2). Myristic acid also was significantly ele-
vated (P =0.001) in BSFL from the coconut treatment, while signif-
icant reductions in palmitic acid (P = 0.001), oleic acid (P = 0.001),
and linoleic acid (P = 0.001) were observed compared to BSFL reared
on the control substrate. As such, larvae reared on the coconut sub-
strate contained over 2.5 times more LA due to their higher lipid level

and more concentrated LA content (Fig. 1). The relative amounts of
various dispensable and indispensable amino acids in the 2 BSFL
meals were generally higher for BSFL reared on the control substrate
compared to the coconut substrate (Table 3) with the following being
significantly different across the 2 treatments. This was linked to the
higher crude protein of BSFL from the control substrate. However,
when expressed as a percentage of total amino acids, the composition
of the 2 meals was more similar, with statistically higher levels of only
phenylalanine (P = 0.05) and tryptophan (P = 0.03) in BSFL from the
control substrate compared to the coconut substrate. Additionally,
concentrations of alanine (P = 0.007), arginine (P = 0.01), isoleucine
(P =0.01), leucine (P = 0.002), and serine (P = 0.008) were higher in
BSFL reared on coconut substrate (Table 3).

Discussion

Data from this study demonstrated LA can be readily enhanced in
BSFL. In fact, data generated from the current study exceeded expec-
tations with over a 150% increase in LA content. However, it should
be noted that shifts in LA amount were not unexpected as previous
work demonstrated different BSFL diets such as sewage sludge, fruit
waste, and palm decanter resulted in LA concentrations in BSFL,
expressed as a percentage of total fatty acids, of 58.3%, 76.1%, and
48.1%, respectively (Leong et al. 2015). Those 3 substrates differed
considerably in moisture, crude protein, and lipid composition, with
the fruit waste resulting in BSFL with the highest lipid content of
47.4% of dry weight, which is similar to the 47.1% lipid content of
BSFL reared on the coconut substrate in the present study. However,
considering the LA content of BSFL reared on fruit waste accounted
for 76.1% of total fatty acids, that meal provided 36.1 g of LA/100 g
of dry meal compared to 19.8 g LA/100 g from the BSFL reared on
coconut substrate in the present study. Another study in which BSFL
were reared on raw coconut endosperm waste reported a lipid con-
tent of 32% of dry weight with 55% of the fatty acids consisting of
LA for a total contribution of 17.6 g LA/100 g of dry BSFL meal
(Alifian et al. 2019), which is somewhat lower than achieved in
the current study. The level of LA incorporated by BSFL reared on
coconut in the present study is at the upper end of the range re-
ported for various BSFL life stages as influenced by different rearing
substrates when taking into account both the total lipid and LA
concentrations of the BSFL (Suryati et al. 2023).

Yet, the relationship between dietary LA content (along with
other nutritional constituents) and the degree of LA accumula-
tion in larvae remains unclear. A few studies suggest that BSFL LA
contents are not entirely dependent on the initial LA contents of the
larval diet. For example, Ewald et al. (2020) fed 4 different larval
diet substrates (i.e., bread, fish, food waste, and muscles) to BSFL
and found up to 52% LA in BSFL-fed bread. Comparing this to the
diet used in the current study, from a nutritional standpoint, on av-
erage, bread and coconut have different nutrient profiles, including

Table 1. Proximate composition and pepsin digestibility of BSFL (Hermetia illucens) reared in 2 different substrates. Values are means of 2
replicate analyses except for pepsin digestibility and are expressed in percentage (dry-matter basis)

Substrate Dry matter % Protein % Lipid % Ash % Pepsin digestibility %
Gainesville 95.588 43.42» 25.208 7.74% 87.0
Coconut 97.454 29.74® 47.31A 3.688 91.0

P-value 0.001 0.000 0.002 0.002 -

PSE 0.28 0.95 3.73 0.64 -

PSE: pooled standard error. Different superscript letters in a line are significantly (P < 0.05) different according to Student’s #-test.
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Table 2. The fatty acid profile of BSFL, Hermetia illucens, reared in 2 different substrates. Values are means of duplicate determinations and

expressed in percentage (dry-matter basis)

Fatty acids Gainesville (%) Coconut (%) P-value PSD
C12:0 Laurate 31.90® 41.84A 0.003 1.91
C14:0 Myristate 10.73% 22.95% 0.000 1.27
C14:1 n-§ Myristoleate 0.75% 0.834 0.043 0.03
C16:0 Palmitate 18.227 13.758 0.000 0.48
C16:1 n-7 Palmitoleate 3.738 4.024 0.020 0.09
C18:0 Stearate 4.024 3.348 0.033 0.26
C18:1 n-9 Oleate 15.78* 11.058 0.000 0.53
C18:1 n-7 Vaccenate 0.984 0.00® 0.000 0.03
C18:2 n-6 Linoleate 11.624 1.77% 0.000 0.08
C18:3n-3 a-Linolenate 1.124 0.23% 0.000 0.01
C20:0 Arachidate 0.214 0.09® 0.000 0.01
C20:1 11-Eicosenoate 0.404 0.03® 0.004 0.07
C20:2 11-14-Eicosadienoate 0.06 0.00 0.158 0.03
C22:0 Behenate 0.064 0.00® 0.001 0.01
C22:6 n-3 Docosahexaenoate 0.45 0.13 0.291 0.32
Total 100 100 - -
MUPFA:SFA ratio 0.35 0.20 - -

PSE: pooled standard error. Different superscript letters in a line are significantly (P < 0.05) different according to Student’s ¢-test. Bold indicates

significant differences (P < 0.05).
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Fig. 1. The final concentration of lauric acid in meals obtained from BSFL
(Hermetia illucens) reared on either the Gainesville diet or coconut. Values
are expressed in g/100 g dry weight. A Student’s t-test was used to compare
lauric acid concentrations in BSFL reared on the Gainesville diet or coconut.
Different lower-case letters indicate significant (P < 0.05) differences.

different LA contents (e.g., bread is typically low in saturated fatty
acids). Yet, LA content is similar between the aforementioned study
and the current study (52% compared to 42% of total fatty acids
in the current study). Ewald et al. (2020) suggested that BSFL syn-
thesize LA from carbohydrates because their initial diets had lim-
ited LA content (0%-1%). Such supposition aligns well with the
findings from Li et al. (2022), which tested a soybean meal-based
diet formulated with different fat sources (e.g., linseed oil, peanut
oil, coconut oil, soybean oil, lard oil, and fish oil). Results showed
that 19-day-old BSFL fed a diet formulated with 5%-10% coconut
oil (with dietary LA comprising 38%-43% of the total fatty acid
composition) had the highest larval LA content (38%-44%), which
is also similar to our BSFL LA contents (Li et al. 2022). Interestingly,

BSFL-fed diets formulated with other oils whose initial LA content
was below the detection limit (e.g., linseed, peanut, and soybean
oil) yielded larvae with 22%-28% LA content. These oils typically
do not contain any carbohydrates, but it is possible that BSF larvae
synthesized LA from the carbohydrates in the soybean meal-based
diet, which accounted for 90%-95% of the larval diet. Therefore,
other nutritional constituents, like carbohydrates, in addition to die-
tary LA content, should be investigated to enhance LA in BSFL. With
greater reason, efforts examining fine-scale nutritional variation be-
yond protein, fat, or carbohydrate content of substrates for growing
BSFL are needed to optimize the production characteristics and nu-
tritional value of the resulting BSFL meal.

The diet provided to BSFL clearly impacts their resulting nutri-
tional profile. Numerous studies have demonstrated shifts in diet
impact protein and carbohydrate values in resulting BSFL. Due to
such interest in said research, at least 2 review articles have been
published on this topic where shifts in protein (32%-58%) and fat
(15%-39%) content (Gold et al. 2018) have been well-documented
(Surendra et al. 2020). However, macronutrients are only one facet
of feed production, and deeper dives into individual components are
essential to determine potential bottlenecks that might be hidden if
otherwise not investigated. While this is important for LA and other
fatty acids, the same can be said for essential amino acids (Tomberlin
et al. 2023).

LA may enhance the health of various mass-produced species.
This may be attributed to the antimicrobial activity of the com-
pound, which has been established in several animals (reviewed by
Borrelli et al. (2021)). For example, Rimoldi et al. (2019) reported
that fish gut health was improved by feeding BSFL to rainbow trout
by influencing their intestinal bacterial communities. Benzertiha et
al. (2020) also mentioned in their review article the positive effects
of insect oils in stimulating the immune system of various animals.
However, they also suggested that more research is needed to charac-
terize potential modes of action and immune-related genes involved
in fat metabolism more fully. It also should be noted that in addition
to being a rich source of LA, BSFL also contains other constituents,
such as chitin and antimicrobial peptides that are known to in-
fluence animal health (Gasco et al. 2018). Thus, investigations to
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Table 3. The amino acid profile of BSFL, Hermetia illucens, reared in 2 different substrates. Values are means of duplicate determinations
and expressed as g kg™ or percentage of total amino acids (dry-matter basis)

Gainesville Coconut Gainesville Coconut
Amino acid (g kg™) PSE Prob > F (% of total amino acids) PSE Prob > F
Ala 29.954 23.63% 0.21 0.002 6.908 7.954 0.06 0.007
b-Ala 0.674 0.198 0.04 0.154 0.078 0.01 0.03
Arg 16.33 15.56 0.42 3.76° 5.234 0.13 0.01
Asn 0.24 0.21 0.02 0.05 0.07 0.003 0.10
Asp 41.38* 26.17® 0.6 0.003 9.53 8.80 0.21 0.13
Cit 3.92 3.28 0.41 0.90 1.10 0.10 0.28
Cys ND ND - ND ND - -
Glu 50.47A 37.38% 0.64 11.62 12.57 0.21 0.09
Gly 24.56* 17.908 0.3 0.004 5.66 6.02 0.09 0.10
His 11.144 7.108 0.5 2.57 2.39 0.12 0.39
Ile 19.414 13.998 0.08 0.0004 4.478 4.71A 0.02 0.01
Leu 30.354 22.198 0.27 0.002 6.99% 7.464 0.09 0.06
Lys 22.38% 13.958 0.64 5.15 4.69 0.17 0.20
Met 6.70 5.36 0.35 1.54 1.80 0.09 0.17
Orn 1.704 0.918 0.09 0.39 0.31 0.02 0.11
Phe 17.674 11.14® 0.18 0.002 4.07* 3.758 0.05 0.05
Pro ND ND - ND ND - -
Ser 16.834 14.79® 0.22 3.88°% 4.984 0.07 0.008
Tau 0.25 0.20 0.04 0.06 0.07 0.007 0.42
Thr 19.62 16.74 1.02 4.52 5.63 0.24 0.08
Trp 8.68* 5.16" 0.12 0.002 2.004 1.738 0.03 0.03
Tyr 25.08% 16.758 0.16 0.0007 5.78 5.63 0.05 0.21
Val 29.50* 21.31® 0.27 0.002 6.79 717 0.07 0.06

PSE: standard pooled error; ND = not determined. Different superscript letters in a line are significantly (P < 0.05) different according to Student’s

t-test.

differentiate the effects of these various constituents in BSFL on an-
imal health, as well as the influence of rearing substrate on these
constituents, are warranted.

Unfortunately, organic side streams that can be used for mass-
producing BSFL are limited due to regulations. Currently, in the
United States, the Association of American Feed Control Officials
(AAFCO) has only recommended and approved preconsumer food
waste as a substrate to be provided to BSFL, which is then used as a
feed ingredient. Such a conservative regulation for opening channels
of organic side streams (e.g., manure, postconsumer food waste) for
use in such processes is understandable considering concerns with
pathogens, contaminants (e.g., heavy metals), and toxins. However,
such an approach restricts the ability of the industry to stabilize, ex-
pand, and truly offer resources at a level that allows for their use as a
feed. Thus, lines of communication between regulatory bodies, such
as AAFCO, Federal Drug Administration, United States Department
of Agriculture Agricultural Research Service (USDA-ARS), trade or-
ganizations (e.g., North American Coalition for Insect Agriculture),
and researchers (e.g., National Science Foundation Center for
Environmental Sustainability through Insect Farming (CEIF)) are
needed. Establishing such lines of communication could result in a
more efficient expansion of resources available for BSFL production,
which in turn removes impediments, allowing for the growth of this
new sector of agriculture.

Optimizing feed for use in the aquaculture industry is critical
for various economic and environmental reasons. Besides producing
fish and other aquatic species at minimal expense to increase prof-
itability and availability to more people, doing so also reduces the
impact of the industry on the environment. For example, using
BSFL meal may reduce the need for fishmeal, which in turn reduces
the burden on international fisheries concerned with harvesting

beyond sustainable levels. One aspect of optimizing feed is creating
ingredients that may enhance the health of the animal consuming
it. As in the case of LA, enhanced levels of BSFL for incorpora-
tion into aquaculture feed may result in various benefits, including
decreased susceptibility to pathogens and other diseases. However,
this work is only the beginning as efforts are needed to determine if
the increased LA in combination with the other nutrients associated
with BSFL meal synergize with one another, resulting in the benefits
previously mentioned.
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