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Introduction

ABSTRACT. The larvae of the black soldier fly, Hermetia illucens, contain
high amounts of protein and fat, and so are a good feed source. However,
this high fat content hinders the production of such feed. The excess fat must
thus be removed to enable the larvae to be used as a feedstock e.g., for
aquaculture and livestock. Firstly, the use of hot water treatment as a strategy
for extracting fat from dried larvae was tested. It was found that this process
reduced the fat content of the raw material (from 30 to about 16%). However,
the resulting product was still not suitable for feed processing. Next, the use of
a carbon dioxide supercritical extraction system on crushed larvae was studied.
This system time-dependently reduced the fat content to less than 6.6% and
less than 4.6% after treatments for 2 and 6 h, respectively, with a pressure of
350 bar used on larval particles of 10-18 mesh in size. Therefore, subjecting
10-18 mesh crushed larval powder to carbon dioxide supercritical extraction at
350 bar for 6 h yielded a larval powder with a fat content of 5% or less. Based
on this finding, this method is proposed to be a suitable alternative for further
processing of larvae feedstock.

2007; Rumpold and Schliiter, 2013a; Spranghers
etal., 2017). Since fish feed costs comprise 40—70%
of the price of artificially grown fish, an increase in
the price of feed directly affects their production

Steady decline in wild fish catches and the in-
creased use of fish meal in feeds intended for live-
stock and aquaculture led to an explosive increase
in the prices of fish meal and fish oil (Verkerk et al.,

cost (van Huis et al., 2013). Although protein-rich
soybeans and other crops have been considered as
alternative raw materials for fish feed, their use has
been limited by the potential risk of digestive tract
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inflammation (Bravo-Tello et al., 2017; Gu et al.,
2017; Perera and Yufera, 2017).

Most aquacultured fishes need animal protein,
and the production of fish feed requires more and
higher-quality fishmeal in comparison to the produc-
tion of livestock feed. As recent increases in the price
of fishmeal have boosted the operating costs of fish
farmers, efforts are underway to identify alternative
protein sources. One potential option is the use of
insects. This could be the most economical option,
since insects mostly feed on food waste and livestock
manure (Ci¢kova et al., 2015). Insect larvae contain
large amounts of protein, unsaturated fatty acids and
minerals that can be ingested and digested by farmed
fishes (Rumpold and Schliiter, 2013a; Rothman et al.,
2014; Nowak et al., 2016; Spranghers et al., 2017).
To date, however, the production of insect larva-
based fish feeds has been hindered by cost issues and
problems with the production pipeline. If we hope to
further develop insect larva-based feeds for aquacul-
ture, we must identify insects that can be reared easily
at a very large scale for a small cost.

The adult, pupal and larval forms of insects have
protein contents that range widely from 37 to 76%.
Since about 50% of their dry weight is composed of
proteins, they are considered to be valuable protein
sources (Rothman et al., 2014). The fat content of
insects is about 30-40%, the saturated-to-unsatu-
rated fatty acid ratio is about 0.5, and the main un-
saturated fat has a high proportion of oleic acid and
alpha-linolenic acid. These fatty components add
to the potential value of insects as functional feed
materials (Rumpold and Schliiter, 2013b). However,
this high fatty acid content is difficult to be pulver-
ized due to the oil component when the powder is
induced for use as a feed source. Therefore, it is es-
sential to optimize the amount of fat in insect prepa-
rations to enable an efficient feed-mixing process.

In order to reduce the oil residues in powdered
black soldier larvae, two extraction methods were
compared: hot water and carbon dioxide supercriti-
cal. The latter process was found to yield a powder
with less than 5% larval oil, which could be utilized
for further feed processing.

Material and methods

Sources of black soldier fly larvae and drying

Fifth instar larvae of the black soldier fly (Herme-
tia illucens) were purchased from Jiri Mountain Insect
Research Institute company (San Cheong county,
South Korea), and reared at 25~30 °C, up to 60%

humidity with 24 h dark cycle. Drying of the larvae
(purchased in the amount of 1 ton) was done by mi-
crowave for 15 min (PRUNUS DRY, South Korea).
The dried larvae were either directly used as samples
for oil removal or stored at 4 °C.

Hot water extraction

Black soldier fly larvae (100 g) were put in
a 24-mesh net, mixed with water (9:1 water to lar-
vae, v/v), and then heated at 121 °C for 15 min. The
water was removed, the larvae were dried at 60 °C
for 24 h, and the powder obtained by grinding the
larvae was analyzed for its contents of crude protein,
crude fat and ash. In order to reduce the variability
resulting from the individual effects of the larvae,
powders obtained from the extraction of three dif-
ferent samples were mixed.

Carbon dioxide supercritical extraction

Black soldier fly larvae were dried in a micro-
wave dryer (PRUNUS DRY, Hwaseong-si, South
Korea) and crushed with a pin mill pulverizer
(DK201; Sejung Tech, Daegu, South Korea). The
crushed larvae (400 g) were placed in a carbon di-
oxide supercritical vessel (SC-CO, Gas Extraction
System; Suflux, South Korea) and extracted for 2 h
at 35 °C using pressures of 150, 250 or 350 bars at
a flow rate of 26 1 CO,/h. To examine fat extraction
according to particle size, the particles into groups
of up to 5 mesh, 5-10 mesh, 11-18 mesh and over
18 mesh were sorted, and fat extraction for 2 h at
35 °C with a pressure of 350 bar and a flow rate of
26 1 CO,/h was performed. To examine extraction
over time, 11-18 mesh samples were extracted for
2, 4, and 6 h with a pressure of 350 bar and a flow
rate of 26 1 CO,/h. Like in the hot water extraction
powders obtained from the extraction of three dif-
ferent samples were mixed. All extracted fatty ac-
ids (extracts) and post-extraction residue (i.e. the
fat-extracted powders) were analyzed for their fatty
acid and general chemical compositions.

Analysis of general nutrition components

The post-extraction powders of larvae were
pulverized at 4600 rpm with a pin mill pulverizer
(DK201; Sejung Tech, Daegu, South Korea) and
then analyzed for general nutrition components
as described by the Association of Official Agri-
cultural Chemists (AOAC International, 2016).
Briefly, the crude fat content was analyzed by the
Soxhlet method, the ash content was measured by
the muffle furnace method at 550 °C, and the crude
protein content was quantitatively analyzed using
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a 2300 Kjeldahl Analyzer Unit (Foss Tecator, Eden
Prairie, MN, USA). Inorganic components (calci-
um, magnesium, natrium phosphate, and potassium)
were measured using the previously described dry
method (NAAS, 2010). Briefly, 1 g of sample was
burned in the muffle furnace and the ash was mixed
with 50 ml of 0.5 N HNO, and filtered with a GF/C
filter (90 mm, Cat No. 1822 090; Whatman Inter-
national Ltd., Maidstone, UK). The filtrate was ad-
justed to 50 ml with 0.5 N HNO, and analyzed using
an inductively coupled plasma spectrometer (ICP;
Thermo Jarrell Ash, Franklin, MA, USA).

Analysis of fatty acids

The extracted crude fat of the pooled sam-
ples (0.5 g) was mixed with 2 ml of reaction re-
agent containing methanol:heptane:benzene:2,2-
dimethoxypropane:H,SO, (37:36:20:5:2, v/v) and
reacted for 20 min at 80 °C. The supernatant of the
reacted solution was concentrated by nitrogen, dis-
solved in hexane and analyzed for fatty acids as
previously described (Lee and Kye, 1970) using
gas chromatography (Agilent 6850 GC; Agilent
Technologies, Wilmington, NC, USA) with an HP-
INNOWAX column (30 m x 0.25 mm, 0.25 um;
Agilent Technologies, Wilmington, NC, USA) and
a flame ionization detector. The applied inlet and de-
tector temperatures were set at 250 °C and 300 °C,
respectively. The oven temperature was held for
5 min at 120 °C, raised by 5 °C per min until it
reached 230 °C and then maintained for 5 min at
230 °C. The utilized carrier gas was N, (99.999%)
and the flow rate was injected by 1.3 ml/min until
finally 1 pl. The fatty acid composition is presented
as the relative ratios of the peak areas.

Statistical analysis

The collected data were analyzed using the
PROC ANOVA procedure of the SAS program
(ver. 9.2; SAS Institute Inc, Cary, NC, USA). Mean
values that differed at the level of 5% significance
were verified using Duncan’s multiple range test
(DMRT).

Results and discussion

Extraction of fat by hot water

Since black soldier fly, Hermetia illucens, larvae
have crude protein, fat and fiber contents of 42.1,
34.8 and 7.0%, respectively, these larvae have been
studied as a feed sources for aquaculture and live-
stock (Cickova et al., 2015; Jozefiak et al., 2018).

However, the processing of black soldier fly larvae
into a feed source is hindered by the excessive fat
content, which obstructs the pulverization process.
Here, the abilities of hot water extraction and car-
bon dioxide supercritical extraction to remove the
excess oil from the larval powder were tested and
compared.

For hot water extraction, dried larvae were placed
in a 24-mesh net and heated at 121 °C for 15 min.
Subsequent analyses revealed that the yield, moisture
content, fat content and ash content of the end prod-
uct were 25, 7.42, 15.97 and 13.26%, respectively
(Table 1). The resulting product of fat extraction by
hot water from 0.5 t of the dried larvae was adjusted
into a proper amount of fat content, but due to the
remained fat content in the larvae, processing could
not be formulated into a feedstock. Thus, it was sug-
gested that it is best to maintain a fat content of less
than 10% for the proper processing of the feed.

Table 1. Chemical composition of dried black soldier fly (Hermetia
illucens) larvae before extraction and post-extraction residue obtained
after hot water extraction

Indices Dried larvae . Po§t-extraction
before extraction residue

Yield, % - 25

Moisture, % 7.02 742

Crude fat, % 325 15.97

Ash, % 11.03 13.26

Removal of larval fat by carbon dioxide
supercritical extraction under different
pressure conditions

Carbon dioxide supercritical extraction has
been widely used to extract essential oils from
plants. Recently, the system has been used to
extract oil from oak silkworm (Antheraea pernyi)
and mealworm (7enebrio molitor) larvae, and
such extractions have exhibited very high yields
(Pan et al., 2012; Purschke et al., 2017). Since we
were unable to extract fat sufficiently by using hot
water, as described above, the use of carbon dioxide
supercritical extraction under different pressure
conditions was then examined. The extraction
yield increased with pressure, from 16% at 150 bar
to 24.5% at 350 bar. As the pressure increased,
the amount of fat gradually decreased in the post-
extraction residue (Figure 1A). Similar tendencies
were observed in the previous studies on insect
larvae such as oak silkworm and mealworm (Pan
et al., 2012; Purschke et al., 2017). The contents of
all examined minerals in the post-extraction powders
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Figure 1. Pressure-associated changes in (A) nutrient compositions,
(B) mineral components of post-extraction residue and (C) fatty acid
profile of extracts obtained from crushed black soldier fly (Hermetia
illucens) larvae using carbon dioxide supercritical extraction

Control — dried larvae before extraction (A and B); Each component
was analyzed by triple technical repeats independently; Bars with
different letters within each examined component differ significantly at
P < 0.05; C16:0 — palmitic acid; C18:0 - stearic acid; C18:1 — oleic
acid (n-9); C18:2 - linoleic acid (n-6); C18:3 - linolenic acid (n-3);
C20:0 - arachidic acid; and C22:0 — docosanoic acid

increased with increasing pressure (Figure 1B).
Pressure was found to have little effect on the fatty
acid composition of extracts (Figure 1C); palmitic
acid (C16:0) showed the greatest difference in this
regard, but this difference was less than 2%. For
all pressure conditions, the unsaturated fatty acid
content of the extract was approximately twice
the saturated fatty acid content (66.8 and 33.2%,
respectively). The most common fatty acids in
the extract were linoleic acid (C18:2, n-6 family;
33.6%), followed by oleic acid (C18:1, n-9 family;

28.6%) and palmitic acid (C16:0, saturated; 28.6%).
Conversely, alpha-linolenic acid (C18:3, n-3
family), paullinic acid (C20:1, n-7 family), stearic
acid (C18:0, saturated) and arachidic acid (C20:0,
saturated) were detected at low concentrations.

Taken together, as a result of fat extraction with
pressure, the extraction process is most sufficient
using pressure at 350 bar.

Carbon dioxide supercritical extraction-
based removal of fat from larvae
representing different particle-size groups

To examine the effect of the larval particle size
on extraction, we used a pressure of 350 bar (based
on the above results) for 2 h (to reduce cost) at a tem-
perature of 35 °C and a flow rate of 26 1 CO,/h. The
extraction yield was very low for the up to 5 mesh
group (0.59%), increased to 8-8.5% for the up to
10 mesh group, increased further to 41.12—48.16%
for the 5-18 mesh group, and then decreased some-
what to 34.51% for the over 18 mesh group (Fig-
ure 2A). We speculate that the yield of the latter
group might have decreased because the smaller
particles are removed (washed) by the movement
of the extracting solvent. Based on our results,
since the extraction yield and protein content using
10-18 mesh particles showed highest value, we se-
lected 10—18 mesh particles for the next experiment.
Our analysis of nutritional components revealed that
protein, K, Mg and Na contents in post-extraction
residues increased in inverse proportion to the fat
content (Figure 2A and B). These findings together
suggest that our extraction method is appropriate for
removing excess fat from the powdered larvae.

The fatty acid composition of the extract was
found to differ by particle size. The extracted amount
of palmitic acid (C16:0) was inversely proportional to
the particle size, whereas those of oleic acid (C18:1,
n-9 family) and linoleic acid (C18:2, n-6 family) was
proportional (Figure 2C). The extraction yields sig-
nificantly decreased with increasing particle size for
oleic acid and linoleic acid, but increased with par-
ticle size for palmitic acid (Figure 2C). Notably, satu-
rated fatty acids with low fluidity tended to show en-
hanced extraction as the particle size decreased. Thus
the use of a particle size of 10—18 mesh would enable
the removal of more saturated fatty acids, and thus
could be more appropriate for feedstock production.

Removal of larval fat by carbon dioxide
supercritical extraction of different durations

Finally, we set the conditions to a pressure of
350 bar, a temperature of 35 °C, a particle size of
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Figure 2. Particle size-associated differences in the (A) nutrient
compositions and (B) mineral components of post-extraction residue
and (C) fatty acid profile of extracts obtained from crushed black
soldier fly (Hermetia illucens) larvae using carbon dioxide supercritical
extraction

Control — dried larvae before extraction (A and B); Each component
was analyzed by triple technical repeats independently; Bars with
different letters within each examined component differ significantly at
P < 0.05; C16:0 — palmitic acid; C18:0 — stearic acid; C18:1 — oleic
acid (n-9); C18:2 - linoleic acid (n-6); C18:3 - linolenic acid (n-3);
C20:0 — arachidic acid; and C22:0 — docosanoic acid

10-18 mesh and a flow rate of 26 1 CO,/h, and then
obtained the results from 2, 4 and 6 h of extraction.
The fat content in the extracted powder ranged from
4.58% at 6 h to 7.01% at 4 h (Figure 3A). The ex-
traction yield increased with time from 32 to 36%;
this difference was not significant, but increasing
the extraction time appeared to have a positive ef-
fect on the yield. These results are consistent with
those of the previous studies using mealworm and
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Figure 3. Time-dependent (2, 4 and 6 h) differences in (A) nutrient
compositions and (B) mineral components of post-extraction residue
and (C) fatty acid profile of extracts obtained from crushed black
soldier fly (Hermetia illucens) larvae using carbon dioxide supercritical
extraction

Control — dried larvae before extraction (A and B); Each component
was analyzed by triple technical repeats independently; Bars with
different letters within each examined component differ significantly at
P < 0.05; C16:0 — palmitic acid; C18:0 — stearic acid; C18:1 - oleic
acid (n-9); C18:2 — linoleic acid (n-6); C18:3 - linolenic acid (n-3)
C20:0 - arachidic acid; and C22:0 - docosanoic acid

oak silkworm larvae (Pan et al.,, 2012; Purschke
et al., 2017). Notably, the post-extraction powder had
a fat content of less than 5% when it was extracted
for 6 h (Figure 3A). The protein and carbohydrate
contents were inversely increased with the duration
of fat extraction (Figure 3A). Ca and Na contents in
the inorganic components were increased after 6 h
extraction in comparison to 2 and 4 h ones, whereas
P content was decreased after 6 h in comparison to
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other times (Figure 3B). For the fatty acid compo-
nents in extracts, the extracted amount of palmitic
acid (C16:0) was inversely proportional to the ex-
traction time, that of oleic acid (C18:1) and linoleic
acid (C18:2) showed similar levels at 2 and 4 h, but
showed a sharp increase at 6 h. Stearic acid (C18:0)
and alpha-linolenic acid (C18:3) showed the lowest
values in after 6 h extraction (Figure 3C).

Conclusions

Since black soldier fly, Hermetia illucens, lar-
vae contain high oil contents, which hinders the
feed process, we succeeded in removing the oil
through carbon dioxide supercritical extraction.
The fat content in powdered black soldier fly larvae
could be optimized by applying supercritical carbon
dioxide extraction performed at 350 bar for 6 h,
using a particle size of 10—18 mesh, a temperature
of 35 °C and a flow rate of 26 1 CO/h. After such
process, less than 5% of oil in the larval powder is
present. In conclusion, this method proved highly
effective feed production process with black soldier
fly larvae.
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