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CHAPTER 1 – OPTIMISATION OF THE ENZYMATIC
TREATMENT
1.1 Introduction
The work developed in Deliverable 3.8 is part of the WP3: Insect processing, in
particular of Task 3.5 Optimisation and demonstration of enzymatic treatment
followed by industrial tricanter centrifugation lead by LEITAT with the participation
of BIOFLYTECH. The aim of this task is to validate and demonstrate at industrial
scale the protein recovery from fresh (frozen) larvae of Hermetia illucens (Black
Soldier Fly, BSF) by using enzymatic pre-treatment combined with continuous
tricanter centrifugation.
Based on the requests from BIOFLYTECH, the main goal is the production of
protein enriched meals with low fat content, as required by the feed sector.
Hence, the approach focuses on the enzymatic pre-treatment followed by
fat extraction to reduce the fat content while minimising protein losses.
The current extraction procedures for the recovery of insect proteins generally
includes the following steps: drying of the insect biomass, homogenization,
defatting, protein solubilization, isoelectric precipitation of the proteins and protein
solubilization followed by drying (Nongonierma AB, 2017). Traditional methods to
extract lipids are hydraulic pressing, solvent extraction - commonly performed
with organic solvents such as hexane or ethanol, and heat extraction. Solvent
fat extraction requires pre-dried insect biomass and is often not eco-friendly or
food-friendly (Nongonierma AB, 2017) whereas heat extraction can be performed
on wet material.
If a pure lipid fraction is needed, the extraction with organic solvents as a first
step is certainly the most efficient method. Also, proteases have been reported
to pretreat BSFL biomass prior to the extraction by n-hexane to obtain oil for
biodiesel production (Su, 2019).
But because of safety, quality and environmental issues, aqueous extraction
has been attracting increasing attention for oil extraction in the food industry to
extract animal fat and vegetable oils (Latif, 2011).
Enzymatic hydrolysis is an established method for enhancing the solubility of
proteins by modifying their solubility, viscosity, and emulsifying and foaming
properties, thereby improving the separation from fats. During enzymatic
treatment, the tissue and cells must be disrupted, and this facilitates the release
of fat into the aqueous phase and proteins are cleaved to smaller peptides and
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free amino acids (FAAs). However, the yield in lipids, after centrifugation has
been reported to only 10 % (Caligiani, 2018). The enzymatic approach, even if
less efficient than the chemical extractions certainly deserve anyway further
investigation, also in view of the possibility to tailor the hydrolysate composition
obtained from BSF proteins for different purposes, such as high digestible and
hypoallergenic protein supplements for feed/food, thickening agents, texturizers,
foaming agents, and others. Besides, it is an interesting alternative to organic
solvent extraction due to the mild environmental conditions without many
undesired products, and lower environmental impact (Cheng et al., 2015).
In this way, SUSINCHAIN focuses on aqueous enzymatic pretreatment followed
by centrifugation to extract fats. By centrifuging, it is expected to obtain 3
fractions: (i) floating oily fraction, (ii) aqueous fraction (supernatant mainly
composed by soluble intact proteins or hydrolyzed proteins) and (iii) solid fraction
(pellet, mainly composed by insoluble proteins and chitin) (Tzompa-Sosa, 2014).
In Chapter 1, the task starts with the characterisation of Hermetia illucens (Black
Soldier Fly, BSF) provided by BIOFLYTECH.
Initially, the baseline conditions for thermostable proteases (subtilisins) were
tested but they did not work properly to separate fats because the fat layer was
not separated, and emulsion was formed during the enzymatic treatment.
Emulsions are undesired because proteins are embedded in fats and they are
extracted jointly, causing protein losses in the final insect meal. Consequently,
new baseline conditions applicable to other candidate enzymes were studied
using experimental designs ranging from acid to neutral pH and mid to high
temperatures, without enzymes. And, once established, the optimal conditions
of pH, temperature, reaction time and centrifugation conditions were taken into
consideration when designing the process with enzymes.
In Chapter 2, the optimal enzymatic conditions are scaled up in a 100 L reactor
followed by centrifugation, using a disk stack centrifuge at LEITAT, and finally
using the industrial tricanter centrifuge by BIOFLYTECH.
In Chapter 3, the industrials guidelines and cost analysis are detailed for the
enzymatic treatment.

1.2 Characterisation of Black soldier fly larvae (BSFL)
1.2.1 Methodology
BIOFLYTECH reared BSF and collected fresh larvae for Task 3.5 (1st stock).
BSF was delivered to LEITAT as frozen, which ensured the preservation during
the transport and the storage at LEITAT’s facilities. Larvae were defrosted and
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homogenised. Larvae were milled using a blender to obtain a homogenous
material with small particle size (paste format). The sample was physical and
chemically analysed for the following parameters: moisture, organic matter, des,
protein, total amino acids and aminogram, total carbohydrates, fats and fatty acid
profile, phosphorus, calcium. Regarding the microbiological analysis, total viable
counts, yeasts, moulds, Enterobacteria, Escherichia coli, Salmonella spp,
Bacillus cereus, Staphylococcus aureus, and Listeria spp were also analysed.

Figure 1. BSF defrosted larvae (left) and milled (right)

Moisture
Moisture content of the samples was determined by using an indirect method, i.e.
by determining weight difference of lost water after drying the samples in the oven
at 105ºC for 5 hours.
Ashes
Total ashes were obtained by calcination in a muffle furnace. The samples were
weighted in a porcelain capsules and placed in a muffle at 550ºC for 2 hours.
Minerals
Analytical Microwave Equipment (CEM, Mars) and ICP-MS Equipment (Agilent,
7500) were used for minerals quantification, according to the procedure
described below. The sample was digested with a mixture of nitric acid (HNO3,
70%) and sulfuric acid (H2SO4, 97%). Once digested, samples were cooled and
properly diluted with a 2% aqueous HNO3 solution to obtain the desired
concentration of the elements of interest for ICP-MS analysis.
Protein
Total protein content was determined according to the Kjeldhal method. The total
nitrogen content (N) was determined after digesting the sample in strong
sulphuric acid in presence of a catalyst, which helps in the conversion of the
amine nitrogen to ammonium ions. The digested samples were distilled with 35%
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NaOH solution using Kjeldhal distillation unit where steam is distilled over 4%
boric acid. The ammonia trapped in boric acid was determined by titrating with
1N HCl. To convert the percentage of nitrogen to a percentage of protein factor
6.25 was used, value that AOAC recommends for meat. The conversion factor of
6.25 used for meat has generally been employed for protein quantification in
edible insects. However, insects contain a significant content of non-protein
nitrogen located in their exoskeleton notably associated with chitin in the format
of N-glucosamine (Jonas-Levi, 2017), and this factor thus overestimates the
protein content.
Fats
This determination was carried out by Söxhlet method. Briefly, the Söxhlet
extractor is set with reflux condenser and distillation flask which was previously
dried and weighed. The dried sample is taken into fat free extraction thimble and
placed in extraction apparatus. Then solvent (petroleum ether) is transferred into
the extraction flask and the condenser is joined and placed on electric heater in
order to boil the solvent gently. Extraction is carried out for 6 hours. The solvent
is recovered, and the fat content is calculated by weight difference after distilling
the solvent.
Fatty acids
The determination of the fatty acid profile has been carried out from the fatty
extract obtained from the determination of total lipids (crude fat). A portion of the
extract obtained is weighed, dissolved, injected and the content of each fatty acid
present is determined by comparison with external standards by gas
chromatography with flame ionization detector (GC-FID). The amount of each
fatty acid present is determined as a percentage of the total fatty acids.
Carbohydrates (phenol–sulfuric acid method)
Total carbohydrates content is determined by phenol-sulphuric acid method
(Dubois et al., 1956) using glucose as Standard. Samples are digested with 52%
perchloric acid for 20 minutes in agitation 200 rpm. Next, the samples are filtered
and diluted (1/10). Into a tube, 1ml of sample, 1mL of phenol solution and 5mL of
96% sulphuric acid are added. The tubes with the samples are shacked and
placed in a water bath at 25-30°C for 20 minutes and finally read in UV/Vis
spectrometer at 490 nm.
Amino acids
This determination is done by a high-resolution liquid chromatography with HPLC
system, model Agilent 1200. Samples are hydrolysed with 6 N HCl solution and
4 M NaOH for 22 h at 110°C in a nitrogen atmosphere. The digested samples are
rota-evaporated and re-suspended in a 50 ml of borate buffer. The supernatant
is diluted in 0.1 N HCl by adding an internal sarcosine standard (SAR). Amino
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acids are derivatized with OPA / Fmoc and a binary gradient. The solvents used
to make the gradient of elution are A = 100% Acetate buffer in 18 min and B =
60% H2O ultrapure / methanol / acetonitrile (20/40/40 v/v/v) in 16 min.
A solid column of 250 x 4 mm in internal diameter (Hypersil BDS-C18 5µm) is
maintained at 18°C. The eluted amino acids are quantified with a Diode Array
detector. Tryptophan is determined by RP-HPLC after an alkaline hydrolysis
according to the method of Yust et al. (2004)
Microbiological analysis
Aerobic mesophilic: Standard adapted ISO 4833-2:2013. Microbiology of the food
chain. Horizontal method for the enumeration of microorganisms, part 2: colony
count at 30°C by the surface plating technique.
Yeast and moulds: Standard adapted: ISO 7954:1987. General guidance for
enumeration of yeasts and moulds. Colony count technique at 25°C.
Enterobacteriaceae: Standard adapted: ISO 21528-1:2018, Microbiology of the
food chain - Horizontal method for the detection and enumeration of
Enterobacteriaceae - Part 1: Detection of Enterobacteriaceae
Escherichia coli: Standard adapted ISO 7251:2005 Microbiology of food and
animal feeding stuffs - Horizontal method for the detection and enumeration of
presumptive Escherichia coli
Salmonella spp.: Standard adapted: ISO 6579:2017. Microbiology of food chain.
Horizontal method for the detection, enumeration and serotyping of Salmonella
spp. Part 1: Detection of Salmonella spp.
Bacillus cereus: Standard adapted ISO 7932:2004 Microbiology of food and
animal feeding stuffs - Horizontal method for the enumeration of presumptive
Bacillus cereus - Colony-count technique at 30°C
Staphylococcus aureus: Standard adapted ISO 6888-1:1999 Microbiology of food
and animal feeding stuffs - Horizontal method for the enumeration of coagulasepositive staphylococci (Staphylococcus aureus and other species) - Part 1:
Technique using Baird-Parker agar medium.
Listeria spp: Standard adapted: ISO 11290-1:2018. Microbiology of the food
chain - Horizontal method for the detection and enumeration of Listeria
monocytogenes and of Listeria spp. - Part 1: Detection method.
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1.2.2 Results
The characterisation of BSF (1st stock) is presented in Table 1. Results are
expressed on fresh weight (fw) of BSF larvae paste and dry weight (dw).
Table 1. Characterisation of Black Soldier Fly (Hermetia illucens) – 1st stock

Parameter
pH (1:1 with distilled water, agitation 10 min)
Moisture
Dry matter
Ashes
Calcium
Phosphorus
Organic matter
Protein (N x 6.25)
Carbohydrates (phenol-sulfuric acid method)
Fats (petroleum ether, larvae paste previously conditioned
48h, 60ºC)
Fatty acid distribution
MLAU C12:0
Lauric
MM
C14:0
Myristic
MP
C16:0
Palmitic
MPal C16:2
(cis-9) palmitoleic
MH
C17:0
Heptadecanoic
MHD C17:1
(cis-10) heptadecenoic
MS
C18:0
Stearic
MO
C18:1
(cis-9) oleic
ML
C18:2
(all-cis-9,12) linoleic
MLin
C18:3
(all-cis-6,9,12) linolenic
ALA
C18:3
(all-cis-9,12,15) linolenic
MA
C20:0
Arachidic
EPA
C22:5
(all-cis-5,8,11,14,17) eicosapentaenoic
DHA
C22:6
(all-cis-4,7,10,13,16,19) docosahexaenoic

Units
% fw
% fw
% dw
ppm dw
ppm dw
% dw
% dw
% dw

Result
5.8
67.5 ± 0.7
32.5 ± 0.7
6.6 ± 0.3
7312 ± 44
7875 ± 47
93.4 ± 1.9
48.5 ± 2.6
4.9 ± 0.2

% dw

22.7 ± 0.8

% on fat
33.7
5.5
7.1
1.8
0.2
nd
2.0
6.6
6.3
0.2
0.3
0.2
0.5
0.3

fw: results expressed as percentage concentration on fresh weight of BSF paste
dw: results expressed as percentage concentration on dry weight of BSF paste
nd: non-detected

MICROBIOLOGY
Total viable counts
Yeasts and moulds
Enterobacteria
Escherichia coli
Salmonella spp
Bacillus cereus
Staphylococcus aureus
Listeria spp

CFU / g
CFU / g
CFU / g
presence in 25 g
presence in 25 g
CFU / g
CFU / g
CFU / g

7.44x106
3.20x104
<10
present
absent
<10
<10
<10
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Regarding fatty acids, the results show that BSF larva is rich in lauric acid
(33.7%), myristic (5.5%), palmitic (7.1%), (cis-9) oleic (6.6%) and (all-cis-9,12)
linoleic (6.3%) on total fat, in line with the literature. Ewald et al. (2020) assessed
the fatty acid profile of BSFL fed with 11 diets. It was observed that larval fat
mainly comprised saturated fatty acids, especially lauric acid (C12:0) ranging
from 6-7% to 54.6% in dry matter, followed by palmitic (C16:0) and oleic acid
(C18 n-9). The larvae appear to synthesise saturated (SFAs) and
monounsaturated fatty acids (MUFAs). Spranghers suggested that lauric acid
was synthesised by larvae from carbohydrates in the substrate (Spranghers et
al., 2017). The high content in saturated fatty acids, differentiate BSFL from other
insect larvae.
The amino acid composition of BSF larvae was analysed by HPLC-DAD. Table
2 shows amino acid concentrations (in ppm and %) on dry weight of larvae, and
Figure 2 exhibits the aminogram obtained.
Table 2. Amino acid composition of larvae of Black Soldier Fly (Hermetia illucens), 1st
stock. Values expressed in ppm and percentage on dry weight of larvae.

Amino acid Concentration
Concentration
± sd
(ppm)
on total amino acids (%)
ASP
5.17
0.38
51686
GLU
3.49
0.18
3490
SER
0.78
0.10
7771
HYS
0.46
0.10
4556
GLY
2.94
0.07
29415
THR
<0.22
0.00
<2199
ARG
<0.32
0.00
<3216
ALA
4.32
0.15
43179
TYR
2.65
0.06
26454
CYS-CYS
0.00
0.26
<3697
VAL
1.67
0.13
16725
MET
0.45
0.02
4538
PHE
2.56
0.11
25564
ILE
0.95
0.11
9512
LEU
2.80
0.14
27954
LYS
1.80
0.12
18040
PRO
5.17
0.82
51654
HYP
<1.03
0.00
<10269
TRP
<0.21
0.00
<2063
GLN
<1.03
0.00
<10269
ASN
<1.03
0.00
<10269
TOTAL
35.20
351953
ASP: Aspartic acid. GLU: Glutamic acid SER: Serine, HIS: Histidine, GLY: Glycine, THR: Treonine, ARG: Arginine, ALA:
Alanine, TYR: Tirosine, CYS-CYS: Cysteine-Cysteine, VAL: Valine, MET: Metionine, PHE: Phenylalanine, ILE:
Isoleucine,LEU : Leucine LYS: Lysine, SAR: Sarcosine (internal standard), PRO: Proline

12

Enzymatic treatment and tricanter industrial guidelines
Deliverable 3.8

ASP: Aspartic acid. GLU: Glutamic acid SER: Serine, HIS: Histidine, GLY: Glycine, THR: Treonine, ARG: Arginine, ALA:
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Figure 2. Aminogram BSF larvae

It was detected ASP, PRO, ALA as the most abundant ones, in line with the
literature (Janssen R. H.-P., 2017). It has been described that protein and the
content of some amino acids can change in relation to larval diet (BarraganFonseca et al., 2017).

1.2.3 Conclusions
The characterisation of larva of Hermetia illucens (Black Soldier Fly, BSF, 1st
stock) proved that larvae are rich in protein (32.5% dw). BSF is rich in amino
acids as aspartic acid (5.2%) proline (5.2%), alanine (4.3%), glutamic acid (3.5%),
as well as glycine (2.9%), leucine (2.8%), phenylalanine (2.6%), tyrosine (2.6%)
in line with the literature (Janssen R. H.-P., 2017).
BSF larvae contains a significant amount of fats (22.7% dw), being rich mainly in
lauric acid (33.7%), myristic (5.5%), palmitic (7.1%), (cis-9) oleic (6.6%) and (allcis-9,12) linoleic (6.3%) on total fat. BSF larvae have an unusual fatty acid profile
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rich in lauric acid (C12:0) irrespective of the diet (Finke, 2013), (Spranghers,
2017).
BSF larvae contain high levels of calcium (7312 ppm dw) and phosphorus (7875
ppm dw). While the exoskeleton of most insects is primarily composed of protein
and chitin, BSF larvae have a mineralised exoskeleton in which calcium and other
minerals are incorporated into the cuticle (Finke, 2013), (Spranghers, 2017).
Escherichia coli was found present while Salmonella spp, Bacillus cereus,
Staphylococcus aureus and Listeria spp were not detected in BSF larvae.
Diet can affect the composition of fats/fatty acids, vitamins, carotenoids, and
minerals in insects. The amount and the fatty acid composition are highly variable
and affected by both life stage and insect diet. This subsequently affects the
levels of other nutrients, most notably protein (Pearincott, 1960).
Since different diets can lead to different larvae composition, further BSF larvae
stocks which will be used during the project will be characterized.

1.3 Optimisation of the enzymatic treatment
1.3.1 Introduction
As indicated in the Introduction, the fat layer was not separated under the initial
activity conditions tested for subtilisins (alkaline pH) due to the emulsion formed
during the enzymatic treatment.
Consequently, new baseline conditions (pH, temperature, time) applicable to
other candidate enzymes were assessed firstly without enzymes. In this previous
study, the optimal baseline conditions to treat larvae of Hermetia illucens to obtain
protein-enriched meals without the assistance of enzymes was found to be 90ºC,
pH acid with citric acid for 4 hours, under agitation, followed by centrifugation.
Taking these conditions into consideration, enzymes will be selected based on
their activity at these low pHs and mid-high temperatures.

1.3.2 Experimental development
1.3.2.1 Selection of enzymes
The objective in this task was to study the effects of different proteases on the
lipid yield extraction to select the most promising one. To do so, proteases and
esterases such as lipases were used.
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Proteases
Endopeptidases cleave the polypeptides at the interior peptide bonds, and the
exopeptidases cleave the terminal amino acids. Proteases help break down
bonds into a more digestible, protein hydrolysates, which are easily digested and
rapidly absorbed. Protein quality in terms of digestibility and free amino acid
content was analyzed since processing can affect the digestibility of the insect
meal, especially because of the following factors (Negasi Tsighe Kiflom, 2020):
-Size reduction (grinding, milling) increases surfaces to enzyme action and can
improve digestibility.
-Heating processing (boiling, roasting, and frying). Depending on the intensity of
heating and the protein type, proteins lose their three-dimensional structure in
partial or complete change, that may be either leading to easier accessibility of
the peptide chain by hydrolytic enzymes, or aggregate or complexing with other
components of the biomass.
- Physical/chemical separation of fats and chitin/other anti-nutritional factors
chitin: defatting can increase digestibility by increase contact time of proteins and
enzymes.

Lipases
Fats are digested by lipases that hydrolyze the glycerol fatty acid bonds. Although
several types of lipids are present in insect lipid extracts, about 80% of the lipid
content is present in the form of triacylglycerols (Gilby, 1965). Hence, to extract
fatty acids, esterases such as lipases have been selected.
Taking the optimal baseline conditions into consideration determined in the
previous study, enzymes based on their activity at acid-neutral pH and mid-high
temperatures were searched and selected resulting in three proteases, here
named as Prot1, Prot2 and Prot3, and two lipases, here named Lip1, Lip2. The
following tables show the selected enzymes.

Table 3. Candidate commercial proteases

Comercial enzyme
Prot1
Prot2
Prot3

range
range
pH
T (ºC)
endoprotease powder
acid
mid temperature
endoprotease liquid acid-neutral mid temperature
exoprotease
liquid acid-neutral mid temperature
Type

Form
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Table 4. Candidate commercial lipases

Comercial enzyme
Lip1
Lip2

range
pH
lipase granulate
neutral
lipase
liquid
acid-neutral
Type

Form

range
T (ºC)
mid temperature
mid temperature

Insects used:
Frozen BSF larvae provided by BIOFLYTECH and milled by LEITAT (milled paste
referenced as 2ndstock-composite1, containing 62.5% moisture, 38.0% fats,
38.8% protein).
Reagents:
Citric acid anhydrous, extra pure, Pharmpur®, Ph Eur, BP, US. CAS 77-92-9.
Content: 99.5 – 100.5 %.
Proteases (named as Prot1, Prot2, Prot3) and Lipases (named as Lip1, Lip2)
Equipment: Centrifuge Allegra® 25R, hot plate with magnetic stirrer IKA-WERKE
RCT BASIC, oven J.P. SELECTA
Methodology for the screening of proteases
A screening was used to evaluate the impact of the three proteases (Prot1, Prot2,
Prot3). The fixed parameters were: milling conditions (blender), conditioning (40
min at the temperature of the experiment), ratio fresh larvae paste and
conditioned water (1:1), enzymatic treatment with 1.5% enzyme dose, pH and
temperature under the activity range, time enzymatic treatment (2h), under
agitation followed by thermal treatment which inactivates the enzymes, and finally
centrifugation (4500 rpm 4 min).
The experimental conditions are described in the following table. Assays were
performed in two replicates for each protease.

Table 5. Screening of proteases

Dose
(%)
1.5
1.5
1.5
1.5
1.5
1.5

Comercial
enzyme
Prot1
Prot1
Prot2
Prot2
Prot3
Prot3

Reference

Form

P1
P2
O1
O2
F1
F2

powder
powder
liquid
liquid
liquid
liquid

range
pH
acid
acid
acid
acid
acid-neutral
acid-neutral

range
T (ºC)
mid temperature
mid temperature
mid temperature
mid temperature
mid temperature
mid temperature
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Once centrifuged, samples will be observed to determine the presence of fat
layer, aqueous fraction, and solids. The fat layer will be removed accurately using
a glass Pasteur pipette in one replicate whereas in the other one, the fat layer will
be removed together with the cream layer to assess differences in the insect
meal. Once the fats are extracted, larvae will be deposited as thin film onto
surface, dried at 75ºC in oven for 20 h, and finally removed by scratching to collect
insect meal in powder form. Insect meal will be analysed for the moisture, protein,
and residual fat content (see methodology in Section 1.2).
Calculations
The initial fat content in fresh larvae paste and the residual fat content in insect
meal will be analysed by Soxhlet method. The response will be the fat extraction
yield expressed on the initial fat, which provides information on the degreasing
efficiency.
Fat extraction yield (%) = Initial fat (g) – residual fat (g) x 100
Initial fat (g)

1.3.2.2 Surface response design of the enzymatic treatment
The objective of this task is to optimize the enzymatic treatment to maximize the
fat recovery yield and, thus, enrich the insect meal with protein content. To do so,
a surface response design will be performed with DOE using the protease
previously selected (Prot1) combined with two lipases (Lip1, Lip2). The hydrolysis
reaction will be stopped by heating the larvae to 90°C at different times, which in
turn can enhance the fat separation.
Insects used:
Frozen BSF larvae provided by BIOFLYTECH and milled by LEITAT (milled paste
referenced as 2ndstock-composite1, containing 62.5% moisture, 38.0% fats,
38.8% protein).
Reagents:
Citric acid anhydrous, extra pure, Pharmpur®, Ph Eur, BP, US. CAS 77-92-9.
Content: 99.5 – 100.5 %.
Proteases (named as Prot1) and Lipases (named as Lip1, Lip2)
Equipment:
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Centrifuge Allegra® 25R, hot plate with magnetic stirrer IKA-WERKE RCT
BASIC, oven J.P. SELECTA
Methodology
The extraction of insect fat will be optimised using response surface methodology
(RSM) central composite. A five-factor design will be used to optimise the fat
extraction and study the interaction of factors simultaneously in a minimum
number of trials. The five factors will be dose of protease Prot1 (0-1.5%), Lip1 (01.5%), Lip2 (0-1.5%), Time enzymatic treatment (0-4h), Time thermal treatment
90ºC (0-2h). The design will be analysed by the software Design Expert v.13.0.

Table 6. Factors surface response design

Factor
A
B
C
D
E

Name
Protease Prot1
Lipase Lip1
Lipase Lip2
Time Enzymatic Treatment
Time Thermal Treatment

Units
%
%
%
h
h

Type
Minimum Maximum
Numeric
0.0
1.5
Numeric
0.0
1.5
Numeric
0.0
1.5
Numeric
0.0
4.0
Numeric
0.0
2.0

The fixed parameters will be milling conditions (blender), larvae conditioning, ratio
fresh larvae paste and conditioned water (1:1), pH acid adjusted with citric acid
solution, mid temperature, slow agitation rate and centrifugation (4500 rpm 4
min). The surface response design selected for this experiment results in 27 runs,
detailed in the following table:
Table 7. Design of the experiments (DoE) of the RSM design for the enzymatic treatment

Prot1 Lip1 Lip2
1
2
3
4
5
6
7
8
9
10
11
12
13

0
0.75
0
0.75
0.75
0.75
0.75
0.75
0.75
0.75
1.5
0.75
1.5

1.5
0.75
0
0.75
0.75
0.75
0.75
2
0
0.75
0
0.75
1.5

0
0.75
1.5
0.75
0.75
0.75
0
0.75
0.75
0.75
1.5
0.75
1.5

Enzymatic Thermal
Treatment Treatment
(h)
(90ºC) (h)
4
2
2.5
1
4
2
2.5
1
5
1
0
1
2.5
1
2.5
1
2.5
1
2,5
1
4
0
2,5
3
1
0
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14
15
16
17
18
19
20
21
22
23
24
25
26
27

0.75
0
0.75
0
2
0.75
0
0.75
0
1.5
1.5
1.5
1.5
1.5

0.75
1.5
0.75
0
0.75
0.75
1.5
0.75
0.75
0
0
1.5
1.5
1.5

0.75
1.5
0.75
0
0.75
0.75
1.5
2
0.75
1.5
0
0
0
0

2,5
1
2,5
1
2,5
2.5
4
2.5
2.5
1
4
1
4
2

1
2
1
0
1
0
0
1
1
2
2
2
0
2

Once centrifuged, samples will be observed to determine the presence of fat
layer, aqueous fraction, and solids. The lipid layer will be removed accurately
using a glass Pasteur pipette.
Once fats are extracted, larvae will be deposited as thin film onto surface, dried
at 75ºC in oven for 20 h, and finally removed by scratching to collect insect meal
in powder form. Insect meal will be analysed for the protein and residual fat
content (see methodology in Section 1.2).
Calculations
The initial fat content in fresh larvae paste and the residual fat content in insect
meal will be analysed by Soxhlet method. The response will be the fat extraction
yield expressed on the initial fat, which provides information on the degreasing
efficiency.
Fat extraction yield (%) = Initial fat (g) – residual fat (g) x 100
Initial fat (g)

1.3.2.3 Validation of the enzymatic treatment. Fractionation

The objective in this task is to validate the optimal conditions established by the
statistical model for the enzymatic treatment to remove fats and enrich the insect
meal with protein content. To do so, three replicates will be performed with the
doses and conditions determined in the previous design: 0.2% Prot1, 0.75% Lip1,
0.75% Lip2, 4h enzymatic treatment (4h) followed by thermal treatment (2h) and
centrifugation.
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Insects used:
Run R2, R3, R4, R5: Frozen BSF larvae provided by BIOFLYTECH and milled
by LEITAT (milled paste referenced as 2ndstock-composite1, containing 62.5%
moisture, 38.0% fats, 38.8% protein).
Run R6, R7: Frozen BSF larvae provided by BIOFLYTECH and milled by LEITAT
(milled paste referenced as 2ndstock-composite2, containing 63.5% moisture,
35.1% fats, 33.1% protein).
Reagents:
Citric acid anhydrous, extra pure, Pharmpur®, Ph Eur, BP, US. CAS 77-92-9.
Content: 99.5 – 100.5 %.
Proteases (named as Prot1) and Lipases (named as Lip1, Lip2).
Equipment:
Centrifuge Allegra® 25R, hot plate with magnetic stirrer IKA-WERKE RCT
BASIC, oven J.P. SELECTA.
Methodology
The extraction of insect fat will be validated with replicates under the optimal
condition. To do so, three replicates (R3, R4, R5) will be performed with 0.2%
Prot1, 0.75% Lip1, 0.75% Lip2, 4h enzymatic treatment (4h) followed by thermal
treatment (2h) and centrifugation.
The fixed parameters will be the same as previously described: milling conditions
(blender), larvae conditioning, ratio fresh larvae paste and conditioned water
(1:1), pH acid adjusted with citric acid solution, mid temperature, slow agitation
rate and centrifugation (4500 rpm 4 min).
R6 and R7 will be replicates but 10-fold scale-up. R7 will be fractionated into
aqueous fraction and solids, as described at the end of this section, to determine
differences in composition.
R2 will be performed as control under the same enzymatic and thermal conditions
but without the assistance of enzymes.
Table 8. Validation assay-replicates of the enzymatic treatment Black Soldier Fly (Hermetia
illucens)

Run
R2
R3
R4
R5
R6
R7

Name
Control
Replicate 3
Replicate 4
Replicate 5
Replicate 6
Replicate 7

scaled up
scaled up
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Once centrifuged, samples will be observed to determine the presence of fat
layer, aqueous fraction, and solids. The lipid layer will be removed accurately in
R2, R3, R4, and R5 using a glass Pasteur pipette. The fat extraction yield will be
calculated as explained in the previous section. Once fats are extracted, larvae
will be deposited as thin film onto surface, dried at 75ºC in oven for 20 h, and
finally removed by scratching to collect insect meal in powder form.
Fractionation of R7
Once the fat layer is removed, the defatted sample R7 will be filtered using cloth
to collect aqueous fraction and solid fraction separately. The aqueous fraction
and solid fraction will be dried at 75ºC for 20h.

R2
R3,R4,
R5, R6

R7-1

R7-2

Figure 3. Processing procedures to produce insect meal. Control treatment without
enzymes (R2), Enzymatic treatment (R3, R4, R5, R6). Fractionation of R7 into different
meals: R7-1 (aqueous fraction) and R7-2 (solids)

The fat fraction of the three replicates R3, R4, R5 will be joined to obtain a
representative fat sample to analyse residual water, residual protein, and fatty
acid distribution.
Insect meals will be analysed for moisture, dry matter, ashes, protein, residual fat
in insect meal. The fat extraction yield will be calculated. The three replicates will
be joined to obtain a representative insect meal to analyse carbohydrates, amino
acids, digestibility, and protein profile with PAGE-SDS electrophoresis, as
described below.
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Digestibility
An in vitro assay will be performed to simulate the digestion of insect meals
protein through the stomach and the small intestine of a single stomached animal
by a two-step enzymatic method (digestion with pepsin and trypsin) based on
Jansen (Janssen R. H.-P., 2018). This will be done in a two-step hydrolysis of 1
gram sample, in which 4.0% (w/w) pepsin from porcine gastric mucosa (EC
3.4.23.1) (powder, ≥250 units/mg solid) will be dissolved in 25 mL distilled water
and 10 mL HCl. Pepsin will be added to the protein solution at pH 3 and incubated
for 2 h at 37°C. After pepsin hydrolysis, the pH will be adjusted to pH 8 using 1 M
NaOH. The pepsin hydrolysis will be followed by trypsin hydrolysis. Hydrolysis
will be performed using 5.7% (w/w) trypsin from bovine pancreas (EC 3.4.21.4),
1,000-2,000 BAEE units/mg solid) dissolved in 10 mL distilled water and added
to the solution. The reaction will be stopped after 3 h of hydrolysis at 37°C. Next,
the solution will be filtered (Ref. Scharlau 073-R20302, Pore number 2) and the
undigested residue will be recovered and quantified by gravimetry. The
percentage of the dry matter digestibility will be determined as the weigh
difference between the initial dry matter and the undigested residue expressed
on the initial dry matter (dry weight) (Boisen, 1995), (Osorio Carmona, 2012). In
the same way, the protein digestibility will be determined as the weigh difference
between the initial protein content and the undigested protein expressed on the
initial protein (dry weight) as follows:
CPd = [CPs - (CPr - CPb)]/CPs x 100
where:
CPd is crude protein digestibility (Prot. Digestibility)
CPs is the crude protein content of samples;
CPr is the crude protein content of residual material after digestion;
CPb is the average crude protein content of blanks.

SDS-PAGE (sodium dodecyl sulphate–polyacrylamide gel electrophoresis)
Sample solubilisation
All insect meals in dry form (whole defatted BSF meal, aqueous fraction, and
solids) will be previously diluted to solubilise the protein compounds and proceed
with SDS-PAGE. Samples will be diluted 1:10 with solution 0.16% ascorbic acid,
agitated for 1 minute, and filtered. The aqueous fraction will be collected and
centrifuged at 10000rpm for 30 minutes at 4ºC to obtain supernatant, pellet, and
fat. The supernatant and pellet will be resuspended with buffer Tris/HCl 20 mM,
EDTA 2 mM pH 8.0 to obtain protein values of 7 mg / ml. Finally, the mixtures will
be diluted 1:1 with buffer Tris / HCl 20 mM, EDTA 2 mM pH 8.0 and placed in an
ultrasonic bath for 10 minutes before analysed with SDS–PAGE.
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SDS–PAGE analysis
Sodium dodecyl sulphate–polyacrylamide gel electrophoresis (SDS–PAGE) will
be used to determine the molecular weight distribution of the insect protein
fractions. The protein composition will be determined using SDS-PAGE under
reducing conditions on a Bio-Rad mini-protean II system (Hercules, California,
USA). Electrophoresis will be performed using commercially prepared
polyacrylamide gels (Mini-PROTEAN TGX Stain-Free polyacrylamide gels in
Tris-HCl, Bio-Rad Laboratories, Hercules, California, USA). Sample will be
dissolved in Laemmli sample buffer and dithiothreitol (DTT). The marker used will
be Precision Plus Protein Dual Xtra Standard 10–250 kDa (Bio-Rad, Hercules,
California, USA). Protein bands will be stained using Coomassie blue stain.

1.3.3 Results
1.3.3.1 Selection of enzymes
The enzymatic treated samples are shown below (
Figure 4, Figure 5) after the centrifugation. Samples were observed to determine
the presence of fat layer, aqueous fraction, and solids. From images below, it is
highlighted that a clear lipid layer is obtained only with Prot1 (P1, P2). Samples
obtained with Prot2 (O2, O3) and Prot3 (F1, F2) showed an emulsified layer.

Lipid layer
next to cream layer

Emulsion

Fat layer

Aqueous
fraction
Pellet
(solid
fraction)

Figure 4. Screening of proteases. Prot1 (P1, P2), Prot2 (O1, O2), Prot3 (F1, F2)
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The lipid layer (clear layer) in Prot1-P1 was removed accurately using a glass
Pasteur pipette whereas in Prot1-P2 the lipid layer was removed together with
the cream layer to determine the differences on residual fat and protein content
in insect meal. No fat layer was observed in Prot2 (O1, O2), Prot 3 (F1, F2) but
emulsion, which was removed using a glass Pasteur pipette. The image below
shows the fat fraction collected separately for each assay.

lipids

cream
Figure 5. Fat removal. Left, lipid and cream layer (assay Prot1-P2).
Right, P1-lipid, P2-lipid+cream, O1-emulsion, O2-emulsion, F1-emulsion, F1-emulsion.

The images below show larvae deposited as thin film onto surface, dried at 75ºC
in oven for 20 h, before and after scratching to collect insect meal in powder form
(Figure 6).

Figure 6. Insect meal dried in oven (75ºC, 20h), before (left) and after scratching (right).

The table below shows moisture, protein content and residual fat in insect meal
(results on % dw) and the fat extraction yield (%).
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Table 9. Moisture, protein, and residual fat content in insect meal

Protease
Prot1

Test
P1

Prot1

P2

Prot2
Prot2
Prot3
Prot3

O1
O2
F1
F2

Fats
removed
lipid layer
lipid +
cream
layer
emulsion
emulsion
emulsion
emulsion

Protein (%)
41.3

Residual
fat (%)
24.6

Fat
extraction
yield (%)
30.4

4.0

34.8

24.5

33.5

3.9
3.7
4.5
3.9

36.6
34.9
29.8
35.4

32.2
32.4
33.1
32.4

20.6
20.5
18.4
21.4

Moisture
(%)
3.6

The results show that when the cream layer (P2) or the emulsified layer (O1, O2
F1, F2) are removed, the protein content is lower in insect meal (29-36%) than
P1 (41%), where only the lipid layer (clear layer) is removed. This proves that
proteins are embedded in the emulsified/cream layer. Also, the residual fat in
insect meal obtained with enzymes Prot2 (O1, O2) and Prot3 (F1, F2) is higher
around 32% than P1 because emulsion made the extraction of fats more difficult.
Regarding Prot1 (P1, P2), it can be concluded that this protease enhanced the
fat extraction since no emulsion was formed. The residual fat in insect was found
similar whether lipids or lipid + cream layers were extracted jointly, being around
24% residual fat on insect meal. The fat extraction yield increased slightly when
lipid and cream were removed jointly but this caused a reduction in protein
content.
As result, Prot2 and Prot3 were discarded and Prot1 was selected for further
optimisation. In the next assays, the enzymatic treatment of BSF biomass will be
performed with Prot1 and only clear lipid layer will be removed to avoid protein
losses.

1.2.3.2

Surface response design of the enzymatic treatment

The enzymatic treated samples are shown below (Figure 7) after the
centrifugation. All assays showed the presence of fat layer (clear lipid), aqueous
fraction, and solids. The lipid layer (clear layer) was removed accurately using a
glass Pasteur pipette. The image below shows the lipid layer collected separately
for each assay.
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Figure 7. Left - Experiments (DoE) of the RSM design for the enzymatic treatment.
Right – Lipid layer extracted

The table below shows the protein content and residual fat in insect meal (results
on %dw of insect meal) and the fat extraction yield.
Table 10. Protein and residual fat in insect meal of the RSM design for the enzymatic
treatment and centrifugation.

Run Prot1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

0
0.75
0
0.75
0.75
0.75
0.75
0.75
0.75
0.75
1.5
0.75
1.5
0.75
0
0.75
0
2
0.75
0
0.75
0
1.5
1.5

Lip1 Lip2
1.5
0.75
0
0.75
0.75
0.75
0.75
2
0
0.75
0
0.75
1.5
0.75
1.5
0.75
0
0.75
0.75
1.5
0.75
0.75
0
0

0
0.75
1.5
0.75
0.75
0.75
0
0.75
0.75
0.75
1.5
0.75
1.5
0.75
1.5
0.75
0
0.75
0.75
1.5
2
0.75
1.5
0

Enyzmatic Thermal
Protein Residual
Treatment Treatment
(%)
fat (%)
(h)
(90ºC) (h)
4
2
35.3
18.5
2.5
1
33.4
22.4
4
2
36.6
17.6
2.5
1
33.4
23.0
5
1
34.5
20.2
0
1
35.8
19.4
2.5
1
37.3
19.9
2.5
1
33.5
20.5
2.5
1
37.5
20.4
2.5
1
37.6
22.1
4
0
36.0
22.8
2.5
3
38.3
15.6
1
0
34.9
21.7
2.5
1
36.7
19.2
1
2
37.7
16.3
2.5
1
38.2
19.0
1
0
34.4
21.8
2.5
1
42.8
20.2
2.5
0
33.8
25.2
4
0
36.2
20.2
2.5
1
28.2
18.8
2.5
1
39.3
19.9
1
2
38.2
22.8
4
2
39.8
16.7

Fat
extraction
yield (%
52.1
41.5
58.1
38.6
45.8
52.6
48.8
50.6
47.0
44.3
44.4
61.7
44.9
50.2
62.0
51.4
44.3
50.1
33.0
54.0
56.9
51.6
44.2
57.6

27

Enzymatic treatment and tricanter industrial guidelines
Deliverable 3.8

25
26
27

1.5
1.5
1.5

1.5
1.5
1.5

0
0
0

1
4
2

2
0
2

35.4
35.9
34.6

21.0
19.3
20.1

47.9
50.6
49.3

The design was analysed by the software Design Expert v.13.0. The model was
found significant with p-value<0.05 for the fat extraction yield. Based on this
model, the significant variable was found to be the Time thermal treatment 90ºC
(see Figure 8).

Figure 8. ANOVA results of fat recovery yield from Black Soldier Fly (Hermetia illucens)
and the interaction of variables dose Prot1 (A), dose Lip1 (B), dose Lip2 (B), Time
enzymatic treatment (D), Time thermal treatment 90ºC (E).

Figure 9. Analysis of Surface response in the fat recovery yield on the interaction of
variables Lip1 and Lip2 on Black Soldier Fly (Hermetia illucens) 3DSurface response
model (left) and Contour plot (right). Fat extraction yield expressed on the initial fat,
which provides information on the degreasing efficiency.
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According to the numerical optimisation, the optimal condition to maximise
recovery of fats is found with 0.2% Prot1, 0.75% Lip1, 0.75% Lip2, 4h enzymatic
treatment (4h) followed by thermal treatment (2h) and centrifugation.

Figure 10. Numerical optimisation for the maximum recovery of fats in Black Soldier Fly
(Hermetia illucens) after the enzymatic treatment and centrifugation.

According to the statistical model, this condition should lead to 56% fat recovery
yield to produce insect meals with values of residual fat under 20%, in line with
the experimental values. So, this experiment is selected for further validation with
replicates and fractionation.

1.2.3.3

Validation of the enzymatic treatment. Fractionation

The control assay (R2), the enzymatic treated samples in triplicate (R3, R4, R5)
samples and the scaled-up samples (R6, R7) are shown below during the
treatment (Figure 11).

Figure 11. Control assay without enzyme (R2), Enzymatic treated samples in triplicate
(R3, R4, R5), Scaling up Enzymatic treated samples (R6, R7)
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The control assay and the enzymatic treated samples (triplicate) are shown below
(Figure 12) after the centrifugation. Assays showed the presence of fat layer,
aqueous fraction, and solids. The lipid layer (clear layer) was removed accurately
using a glass Pasteur pipette. The image below shows the lipid layer collected
separately for each assay.

Figure 12. Control assay without enzyme (R2) and Enzymatic treatment in triplicate (R3,
R4, R5). Right – Lipid layer extracted from the assays

R6 and R7 reached temperature slower than replicates (R3, R4, and R5) due to
the high amount of larvae (10-fold scale-up), which made the homogenisation of
the sample more difficult. In this case, and to ensure the fat removal, not only the
lipid layer but also the cream layer was removed in R6 and R7 using a glass
Pasteur pipette to ensure the fat removal. The lipid layer of the three replicates
R3, R4, R5 were joined to obtain a representative fat sample to analyse residual
water, residual protein, and fatty acid distribution. The table below shows the
results in comparison with the Control assay.
Table 11. Composition of the fat fraction recovered from Black Soldier Fly (Hermetia
illucens) recovered after the enzymatic treatment and centrifugation.

Analysis in progress
Parameter

Residual water (by Karl Fischer) % fw
Residual protein (N x 6.25) % fw

Control
R2

Enzymatic
samples
(R3, R4,
R5)

0.98 ± 0.10

1.16 ± 0.01

fw: results expressed as percentage concentration on fresh weight

30

Enzymatic treatment and tricanter industrial guidelines
Deliverable 3.8

Fatty acid distribution % in fat
MLau
MM
MP
MPal
MH
MHD
MS
MO
ML
MLin
ALA
MA
EPA

C12:0
C14:0
C16:0
C16:1
C17:0
C17:1
C18:0
C18:1
C18:2
C18:3
C18:3
C20:0
C22:5

DHA

C22:6

Lauric
Myristic
Palmitic
(cis-9) palmitoleic
Heptadecanoic
(cis-10) heptadecenoic
Stearic
(cis-9) oleic
(all-cis-9,12) linoleic
(all-cis-6,9,12) linolenic
(all-cis-9,12,15) linolenic
Arachidic
(all-cis-5,8,11,14,17) eicosapentaenoic
(all-cis-4,7,10,13,16,19)
docosahexaenoic

Insect meals were analysed for moisture, dry matter, ashes, protein, residual fat
in insect meal. The fat extraction yield was calculated. The three replicates R3,
R4, R5 were joined to obtain a representative insect meal to analyse amino acids,
digestibility, and protein profile with PAGE-SDS electrophoresis. The images
below show the insect meals of the enzymatic treated samples (10-fold scaleup).
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Figure 13. Insect meals from top to bottom: R6 (whole deffated meal),
R7-1 (Aqueous fraction) and R7-2 (Solid fraction)

The table below shows the results of moisture and dry matter, expressed as
percentage on fresh weight of insect meal, and ashes, protein (n x 6.25), residual
fat (Soxhlet extraction with petroleum ether) and in vitro digestibility with pepsin
and trypsin on dry weight. The fat extraction yield is expressed as percentage of
fat extracted on the initial fat of BSF larvae.
The three replicates were joined to obtain a representative insect meal for the
analyses of carbohydrates, amino acids, digestibility, and protein profile with
PAGE-SDS electrophoresis.
Table 12. Characterisation of insect meals. Control assay without enzymes (R2), Enzymatic
treated samples in triplicate (R3, R4, R5), Enzymatic treated samples (10-fold scale-up):
R6-whole meal, R71-Aqueous fraction, R7-Solid fraction

Enzymatic treated samples
(triplicates) (*)

Enzymatic treated samples
(10-fold scale-up) (**)

R2

R3

R4

R5

R6

R7-1

R7-2

7.92±0.61
92.08±0.61

7.63±0.88
92.37±0.88

8.73±1.12
91.27±1.12

8.24±0.92
91.76±0.92

5.85±1.02
94.15±1.02

6.42±0.28
93.38±0.28

5.77±1.83
94.23±1.83

9.55±0.25
n.a.
17.71±0.39
57.2

9.31±0.10

10.14±1.63
38.0±2.2
20.47±0.08
50.6

9.69±0.25

9.81±0.00
37.7±3.0
27.21±0.89
23.0

8.85±0.21 10.89±0.48
40.7±1.7
30.1±1.9
11.67±0.46 30.22±0.23
32.5

Control (*)
Parameter
Moisture % fw
Dry matter % fw
Ashes % dw
Protein %dw
Residual fats % dw
Fat yield %
DM.Digest. % dw
Prot.Digest % dw

n.a.
n.a.

19.60±0.14
52.6

19.31±0.14
54.3

89.4 ± 2.10
86.9 ± 2.60

88.4 ± 3.20
89.6 ± 2.85

100
100

62.0 ± 0.20
74.3 ± 0.92

(*): lipid layer was removed using a glass Pasteur pipette
(**): lipid layer and the cream layer were removed using a glass Pasteur pipette
DM. Digest: Dry Matter digestibility (DMd)
Prot. Digest: Crude protein digestibility (CPd)
n.a.: not analysed
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From the results, it can be concluded that the insect meal obtained (composite
R3+R4+R5) contains high protein content, around 38%, and 20% residual fat, as
expected according to the statistical model, representing an average of 52.5% fat
extraction yield. When the process was scaled up (R6, R7), the fat extraction yield
was lower due to the amount of larvae (10-fold scale-up), which made the
homogenisation of the sample more difficult. The homogenisation will be
optimised at industrial scale. From the fractionation of the insect meals (R7-1
aqueous fraction and R7-2 solid fraction), it can be concluded that proteins and
residual fats were distributed in both fractions. Soluble protein was found in the
aqueous fraction whereas the insoluble protein was found embedded within the
solids. Residual fats were mostly embedded within solids.
The results show that the dry matter and protein digestibility in the insect meals
obtained are around 88%. When fractionated, the R7-1 aqueous fraction reaches
100% dry matter digestibility, whereas the R7-2 solid fraction is lower, around
62% dry matter digestibility. From this result, it can be concluded that protein in
the aqueous fractions is highly digestible.
Analysis in progress: carbohydrates, amino acid content.
To analyse the protein profile, the insect meals R2 (control), R7-1 (aqueous
fraction) and R7-2 (solid fraction) were diluted with ascorbic acid and filtered. The
aqueous fraction was collected and centrifuged to obtain supernatant, pellet. The
Figure 14, shows the SDS-PAGE of the supernatant and pellet.

Supernatant
R2

R7-1

R7-2

P

Pellets
R2

R7-1

R7-2

P

Figure 14. SDS-Page
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No differences were detected between R2 and enzymatic treated samples (R71, R7-2), all supernatants showing small molecular weight peptides. This is
because the temperature of the enzymatic process followed by the thermal
treatment hydrolysed the protein significantly. For supernatants, peptides are
mostly found below 10 kDa whereas in pellets, a wide range of high molecular
peptides were found being the most abundant below 25 kDa.

1.4 Conclusions
In this task, the enzymatic treatment of Hermetia illucens larvae (Black Soldier
Fly, BSF) was optimised at lab scale to reduce the residual fat and increase the
protein content in insect meal by minimising protein losses while ensuring the
industrial viability.
The initial conditions tested for subtilisins did not work properly to separate fats
and emulsion was formed during the enzymatic treatment. Consequently, new
baseline conditions ranging from acid to neutral pH and mid to high temperatures
under agitation, followed by centrifugation were studied and determined using
experimental designs.
Taking the baseline conditions identified into consideration, enzymes applicable
to this activity range were searched and tested. As a result, one protease (Prot
P1) and two lipases (Lip 1, Lip2) were selected to optimise the enzymatic
treatment for the fat recovery. Experimental designs combined with response
surface methodology (RSM) were used to optimize the fat recovery, resulting in
the following conditions:
Optimal Enzymatic treatment of Hermetia illucens larvae:
Enzymatic treatment with 0.2% Prot1, 0.75% Lip1, 0.75% Lip2 at acid pH and
mid temperature under agitation for 4 hours followed by thermal treatment at
90ºC for 2 hours and centrifugation

This condition was validated at lab scale obtaining insect meals with high protein
content, around 38%, and 20% residual fat, representing 52.5% fat extraction
yield. The results showed that the in vitro dry matter and protein digestibility in
the insect meals obtained are around 88%.
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Besides, the different fractions obtained after the centrifugation (oil, the aqueous
fraction containing water and soluble proteins and solids, containing non-soluble
proteins and chitin) were studied. The aqueous fraction reaches 100% dry matter
digestibility, whereas the solid fraction is lower, around 62% dry matter
digestibility. From this result, it can be concluded that protein in the aqueous
fractions is highly digestible.
This optimal Enzymatic treatment of Hermetia illucens larvae has been selected
for further validation at industrial scale using the 100 L reactor and the industrial
tricanter centrifugation.
Conclusions and analysis in progress.

35

CHAPTER 2
CHAPTER 2 – DEMONSTRATION OF
ENZYMATIC TREATMENT FOLLOWED BY
INDUSTRIAL TRICANTER CENTRIFUGATION

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement nº 861976. This document reflects only the author’s view and the
Commission is not responsible for any use that may be made of the information it contains.

Enzymatic treatment and tricanter industrial guidelines
Deliverable 3.8

CHAPTER 2 – DEMONSTRATION OF ENZYMATIC
TREATMENT FOLLOWED BY INDUSTRIAL TRICANTER
CENTRIFUGATION
2.1 Introduction
The aim of this chapter is to validate the industrial application of the optimized
enzymatic treatment for the extraction of fats from BSF larvae followed by
tricanter centrifugation. To this end, the enzymatic process using a 100 L reactor
at LEITAT followed by centrifugation using a tricanter centrifuge at BIOFLYTECH,
has been assessed. It is important to highlight that previous to industrial
centrifugation, a disk stack centrifuge was also studied. Whereas the disk stack
centrifuge employs a vertical centrifugation, with the consequently separation into
two-phases and requires a minimal solid content, the tricanter centrifuge consists
of horizontal 3-phase separation and can handle materials with high contents of
solids. Although the disk stack centrifuge differs from the one applied industrially
(tricanter), it was tested to provide insight for the industrial centrifugation.
The information obtained is later on used for designing of full-scale production
system at industrial scale in a continuous process to assess the cost analysis.
In this work, the baseline conditions without enzymes are firstly tested to provide
insight on how to scale-up the process. Later on, the enzymatic treatment scaleup is performed.

2.2 Technologies
2.2.1 Enzymatic treatment
Reactor
The reactor (Figure 15) has a maximum volume of 100 l provided with controlled
agitation, temperature, and pH. The reactor is equipped with different pumps:
Pump B1 to load liquids into the tank, and pump B2 to discharge the content.
Moreover, the reactor is equipped with a filtration unit if it is required. Each pump
and agitation are set up by frequencies between 20 and 50 Hz.
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Figure 15. Bioreactor plant at LEITAT

The system can reach up to 90ºC using two resistances placed inside the tank.
The process can be programmed to run 2 phases of temperature and time,
comprising a set point 1 and a set point 2. pH can also be controlled through two
pumps, each one provided with an acid or a base.
The enzymatic treatment will include mixing fresh larvae paste and water (1:1),
with enzymes 0.2% Prot1, 0.75% Lip1, 0.75% Lip2 at acid pH with citric acid, and
processed at mid temperature under agitation for 4 hours. Emulsification will be
controlled by reducing vigorous agitation. After the reaction, the mixture will be
treated thermically at 90ºC for 2 hours. Next, the mixture will be centrifuged (see
below).

2.2.2 Centrifugation
Disk stack centrifuge
As commented, previous to industrial tricanter centrifugation, a disk stack
centrifuge OSD 2-02-137 from GEA (Figure 16) will be tested at LEITAT in order
to assess the efficiency to centrifugate Hermetia illucens larvae and obtain (i) fats,
(ii) aqueous fraction and (iii) solids separately (Figure 17).
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For this purpose, the baseline conditions established in the previous study (90ºC,
acid pH with citric acid, 4 hours) were scaled up to produce enough treated meal
to be centrifuged with the disk stack centrifuge.
PLC-Control Unit

i-Light phase

ii-Heavy phase

iii-Solids

Figure 16. Centrifuge OSD 2-02-137

Figure 17. Centrifuge OSD 2-02-137 fractioning outputs

Operating principles of disk stack centrifuge OSD 2-02-137
This separator (Figure 18) with a self-cleaning disk bowl, is a vertically arranged
centrifuge that separates liquid mixtures consisting of two liquids, with
simultaneous removal of the solids contained. The liquid components of the
product can be split up mechanically because of differential densities, as long as
they do not emulsify. The provided bowl contains a holding space for solids with
a volume up to 0.5 l (total capacity of the bowl is 1 litre).

Figure 18. Scheme of the disk stack centrifuge GEA OSD 2-02-137
1- filling and displacement water, 2- product feed, 3- discharge light liquid phase, 4-centripetal pump, 5- disk
stack, 6- discharge heavy liquid, 7-solids holding space, 8-separating disk, 9- solids discharge, 10- operating
water
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The treated larva is pumped into the centrifuge (2), where the light liquid
containing fats (lower density) flows to the centre of the bowl and is discharged
under pressure by a centripetal pump (3). At the same time, the heavy liquid
containing soluble proteins (higher density) flows to the periphery, and it is
discharged (6) by centrifugal force via separating disk (8). It is advisable that
unnecessary shear forces should be avoided during distribution of the mixture,
as these forces could break up the fine particles or produce emulsions. Holes are
provided on the outer edge of the distributor base through which the product to
be separated enters to the disk stack (5), where the separation takes place. The
solids containing non-soluble proteins and chitin are pushed away and collected
in the so-called solids space (7) where they are accumulated and discharged
periodically (9). And the separated liquid phases flow through the disk pack into
the upper part of the bowl.

Figure 19. Scheme bowl of GEA OSD centrifuge
1- bowl, consisting of 1.1. lock ring, 1.2. regulating ring, 1-3- threaded ring, 1.4. separating disk, 1.5. disk
stack, 1.5. bowl shell, 1.7. sliding piston and 1.8, bottom, 2- solids holding space

More detailed, the disk stack (1.5) consists of a large number of conical disks
positioned one top of one another. Each disk is provided with spacers so that
precisely defined interspaces are formed between individual disks. The smooth
disk surfaces facilitate sliding of the solids and hence, self-cleaning of the disks.
In addition, efficient separation of the liquid mixture is achieved by a regulating
ring (1.2.), whose inner diameter corresponds to the difference in density between
the two liquid components. The minimum density difference tolerated is 0.07
kg/dm3 and maximum is 0.20 kg/dm3. If light liquid discharges through the heavy
liquid output, another regulating ring must be fitted or the product temperature
must be raised if it is possible (100ºC maximum for this model).
Critical parameters will be the inlet flow (ml/min), rpm or g, and frequency of solid
discharge. Inlet flow must be enough to fulfil the bowl and to maintain the inlet
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pump working properly. And regarding discharge frequency, it is suggested by
the manufacturer a maximum of discharges per 1-2 min, which would represent
30 discharges per hour. This parameter is important as many discharges may
make the liquid phases unstable and thus, not a good separation would be
achieved. Pressure at the light liquid phase output must be maintained between
1 and 1.5 bars in order not to take out heavy liquid too, if this is not enough,
diaphragm should be changed.
The mixture will be diluted to meet the requirements of the centrifuge OSD 2-02137 (permissible solids limited up to 3%) and centrifuged with an inlet feed flow
of 120 l/h to obtain three fractions: light liquid phase (fat), heavy liquid phase
(aqueous fraction) and solids.

In this scenario, the following conditions will be tested, as described below.
Table 13. Operating centrifuging conditions tested without the previous assistance of
enzymes.

Parameter
Feed flow
Centripetal force
Regulating ring (Ø)
Light liquid phase output pressure

Value
120 l/h
3000 rpm
36
1 bar

Table 14. Operating centrifuging conditions tested with larvae previously treated with
enzymes.

Parameter
Feed flow
Centripetal force
Regulating ring (Ø)
Light liquid phase output pressure

Value
240 l/h
3000 rpm
44
1.5 bar

After the experiment, the following fractions will be obtained and analysed for pH,
moisture, proteins, and fats.

Industrial tricanter centrifuge
As mentioned above, the goal of this task is to optimise the industrial tricanter
centrifugation of BSF larvae previously treated enzymatically with the aim to
separate fats at industrial scale. The objective is to test the fat removal efficiency
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using the tricanter centrifuge to obtain (i) fats, (ii) aqueous fraction and (iii) solids
separately. The products obtained will be compared with the ones not comprising
enzymatic treatment.
Operating principles of tricanter
The tricanter centrifuge, or 3 phase decanters, enables the continuous separation
of three phases (solid-liquid-liquid) in a single process, and offers several
benefits. The main advantage is the possibility to operate with high content of
solids. Moreover, the combination of processing steps eliminates the need for
further separation stages (i.e., a first solid-liquid separation followed by a liquidliquid separation), with the subsequent considerable cost savings.

Figure 20. Three-phase separation with the GEA tricanter
1-mixture feed, 2-, 3- solid holding space, 4-, 5-heavy liquid phase, 6- solid discharge, 7- heavy liquid
phase discharge, 8- light liquid phase discharge

The design and function of the 3-phase centrifuge is similar to a decanter (twophase separation). The main difference to the two-phase decanter lies in the
separate expulsion of the two liquid phases. In the tricanter, the heavy liquid is
discharged under pressure via an adjustable impeller, whereas the light liquid
flows off without pressure. Under centrifugal force, solids settle on the inner wall
of the bowl.
The treated larvae will be passed through a tricanter centrifuge with an input
flowrate 500L h-1, and three fractions will be obtained: oil, a liquid phase
containing water and soluble proteins and the rest of the solids (non-soluble
proteins and chitin), flowrate 110 L h-1.
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The general process flow is described in Figure 21 and the fractionated products
of each step are shown.
light liquid
fraction (oil)
Milling
larvae

Cooking
90ºC

Tricanter
centrifuge

heavy liquid
fraction
(water)
solid fraction
(pellet)

insect meal

Figure 21. General process flow of BFT industrial process

Oil-phase, liquid-phase and solid-phase will be collected and characterised. They
will be compared with the ones not comprising enzymatic treatment.

2.3 Results
Baseline operating conditions
As aforementioned, operating conditions for the disk stack and tricanter
centrifuges were initially tested without the assistance of enzymes. Samples were
collected to evaluate the optimal conditions.
Heating without enzymes followed by disk stack centrifugation
4.4 kg of milled larvae were treated thermically for 4 hours 90ºC, at acid pH with
citric acid and finally diluted to reach the maximum permissible solids to be
centrifuged with the disk stack centrifuge OSD 2-02-137. Larvae were maintained
at 70ºC during the centrifugation.
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Figure 22. Heating of BSF larvae at 90ºC at acid pH
without the assistance of enzymes

Figure 23. Centrifugation of BSF larvae using the disk stack centrifuge OSD 2-02-137
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Figure 24. Hermetia illucens – centrifugation assays using centrifuge OSD 2-02-137
F1 (inlet feed), L1 (light liquid phase: fats), H1 (heavy liquid phase (aqueous fraction), S1 (solids). Photos were
taken just after centrifuging (1) and after 5 min decanting (2)

Fractionated samples were collected for further characterization (Table 15Fout!
Verwijzingsbron niet gevonden.).

Table 15. Products recovered in Run 1 from larvae Black Soldier Fly (Hermetia illucens) by
heating and centrifuging with OSD 2-02-137 (n=2)

Parameter
pH
Moisture
Dry matter
Protein
Fats

Units
% fw
% fw
% dw
% dw

F1
L1
H1
S1
3.5
3.6
3.6
3.6
98.1±0.02 98.7±0.01 98.6±0.07 93.4±0.07
1.9±0.02
1.3±0.01
1.4±0.07
6.6±0.07
27.8±4.7
22.4±2.1
23.1±0.5
33.7±4.8
10.2
n.a.
3.7
23.5±0.4

F1 (inlet feed), L1 (light liquid phase: fats), H1 (heavy liquid phase (aqueous fraction), S1 (solids)
fw: results expressed as percentage concentration on fresh weight of product
dw: results expressed as percentage concentration on fresh weight of product
n.a.: not analysed

Since the mixture was diluted properly when using the disk stack centrifuge (feed
containing solids below 3%), then the characterization of each phase is
expressed on dry weight for a better comprehension.
From the results shown, it can be observed that the proportions of constituents
(fat, protein, others) change considerably due to fractioning process.
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Heating without enzymes followed with industrial tricanter centrifugation
From the non-enzymatic treatment, BFT provided samples of the different
products collected at each stage of the process (Figure 25).

Frozen larvae

Milled larvae

Heated larvae at 90ºC

Oil phase from tricanter

Liquid phase from tricanter

Solid phase from tricanter

Insect meal
Figure 25. Products obtained by heating and tricanter centrifugation without the
assistance of enzymes at BFT (conventional process)
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The results of the characterization of the samples collected, are shown in the next
table: Analysis in progress
Table 16. Characterization of the products obtained by heating and tricanter
centrifugation without the assistance of enzymes at BFT (conventional process)

Moisture (%)
Dry matter (%)
Ashes (%, dw)
Protein (%, dw)
Total AAs (%, dw)
Fat content (%, dw)
DM.Digest. (% dw)
Prot.Digest (% dw)

Initial
larvae

Milled
larvae

Oil
fraction

71.9±0.48
28.2±0.48
9.98±0.29
41.9±3.8

Cooked
larvae
(F)
66.8±0.23
33.2±0.23
9.26±0.16
41.5±0.9

71.7±0.18
28.3±0.18
9.55±0.02
43.9±2.7
na

Solid
fraction
(S)
68.5±0.73
31.5±0.73
7.43±0.33
18.2±0.5

Insect meal

3.77±0.09
96.2±0.09
2.15±0.14
7.5±1.6

Liquid
fraction
(LF)
77.0±0.51
23.0±0.51
11.9±0.81
9.8±0.5

29.9±0.6

29.2±0.6

na

40.6±0.4

12.4±0.01

8.1±0.1
61.5±2.8
55.5±3.3

(IM)
9.34±0.59
90.7±0.59
10.8±0.08
53.0±2.2

DM. Digest: Dry Matter digestibility (DMd)
Prot. Digest: Crude protein digestibility (CPd)
n.a.: not analysed

From the results, it can be concluded that the insect meal obtained contains high
protein content, around 53%, and 8% residual fat. Soluble protein was found in
the aqueous fraction whereas the insoluble protein was found embedded within
the solids.
The results show that the protein digestibility in the insect meal obtained is around
55%.
Table 17. Lipid profile in the different products obtained by heating and tricanter
centrifugation without the assistance of enzymes at BFT (conventional process)
Parameter
Fatty acid
distribution % in fat
MLau C12:0
MM

C14:0

MP

C16:0

MPal

C16:1

MH

C17:0

MHD

C17:1

MS

C18:0

MO

C18:1

ML

C18:2

MLin

C18:3

ALA

C18:3

MA

C20:0

EPA

C22:5

Milled
larvae

8.98
1.86
2.91
0.44
<LD
<LD
0.62
2.03
1.70
<LD
<LD
<LD
<LD

Cooked
larvae

1.81
0.27
0.33
0.11
<LD
<LD
0.64
0.35
0.21
<LD
<LD
<LD
<LD

Oil
fraction

21.3
2.93
3.41
0.86
<LD
<LD
0.59
2.64
2.78
<LD
0.38
0.13
<LD

Liquid
fraction

14.2
2.58
4.00
0.92
<LD
<LD
0.88
4.45
4.49
<LD
0.34
0.29
<LD

Solid
fraction

12.0
2.19
3.42
0.74
0.09
<LD
0.75
3.65
3.07
<LD
0.22
<LD
<LD

Insect
meal

3.87
1.04
8.22
0.75
0.14
<LD
4.54
10.5
4.67
<LD
0.28
0.08
<LD
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<LD

DHA
C22:6
LD 0.01%

<LD

<LD

<LD

<LD

<LD

From the results, it can be concluded that in all samples, except insect meal,
lauric acid was by far the fatty acid analysed more abundant.
However, in insect meal the most predominant FAs from those analysed were
MO (cis-9-oleic acid) >MP (palmitic acid)>>ML (all-cis-9,12-linoleic acid) ≃ MS
(estearic acid).
To analyse the protein profile, products were diluted with ascorbic acid and
filtered. The aqueous fraction was collected and centrifuged to obtain
supernatant, pellet. The Figure 26 shows the SDS-PAGE of the supernatant and
pellet.
Supernatants
F

LF

S

IM

Std

Pellets
F

LF

S

IM

Std

Figure 26. SDS-PAGE of different products obtained by heating and tricanter
centrifugation without the assistance of enzymes at BFT (conventional process)
F: Feed, LF liquid fraction, S solid fraction, IM insect meal (final product) and Std standard

From the results, it can be concluded that all products contain high molecular
weight peptides. This is because enzymes were not applied here.
The supernatants show a band of 75 kDa in all fractions collected except in insect
meal. Similar profile for feed, liquid fraction, and solid fraction, showing a major
presence of low kDa (<15kDa) in the liquid rather the solid fraction. This may be
due to a major solubility of these peptides.
The pellets show less abundance of peptides. Probably, pellets contain lesssoluble peptides.
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Enzymatic treatment followed by tricanter centrifugation
25 kg larvae were milled by BFT and shipped frozen to LEITAT, where they were
mixed with water and enzymes 0.2% Prot1, 0.75% Lip1, 0.75% Lip2, citric acid,
and processed at mid temperature under agitation for 4 hours in a reactor.
Emulsification was controlled by reducing vigorous agitation. After the reaction,
the mixture was treated thermically at 90ºC for 2 hours.
An aliquot was separated to test the disk stack centrifuge at LEITAT, while the
rest was shipped to BIOFLYTECH to be centrifuged with the tricanter.
The mixture was kept frozen during the transport to ensure the preservation.

Figure 27. BSF treated enzymatic in the reactor

Enzymatic treatment followed with disk stack centrifugation
The enzymatic treated larvae were diluted to reach the maximum permissible
solids to be centrifuged with the disk stack centrifuge OSD 2-02-137. Larvae were
maintained at 70ºC during the centrifugation.
Analysis in progress

Enzymatic treatment followed with industrial tricanter centrifugation
The enzymatic treated larvae were shipped to BFT to be centrifuged using the
industrial tricanter. At BIOFLYTECH, the mixture was defrosted and finally heated
to be loaded into the tricanter according to the standard process at BFT. From
the tricanter industrial separation, three samples were collected: light liquid
phase (fats), heavy liquid phase (water and soluble proteins) and solid fraction
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(non-soluble proteins and chitin). Under the conditions tested, the volume of
liquid phase was about 60% while the remaining 40% made up the solid phase.
The liquid fraction was concentrated using an evaporator at 60ºC, mixed with the
solid fraction, loaded to the disc dryer, and finely milled to ensure uniformity of
the final product. The samples were sent to LEITAT for characterization.

Oil phase from tricanter

Liquid phase from
tricanter

Solid phase from tricanter

Figure 28. Hermetia illucens – centrifugation assay with enzymatic pre-treatment

From the image above, it can be observed that the fat was emulsified. This is
because the tricanter was operated at low capacity. Emulsification will be avoided
when working with bigger volumes to produce insect meal for WP4.
Table 18. Characterization of samples collected at enzymatic industrial process
Initial
larvae
Moisture (%)
Dry matter (%)
Ashes (%, dw)
Protein (%, dw)
Total AAs (%, dw)
Fat content (%, dw)

45.9 ± 1.94

Oil
fraction
89.0±0.2
11.0±0.2
1.04
43.4±1.3

Liquid
fraction
91.5 ± 0.01
8.5 ± 0.01
3.94
45.5 ± 1.13

Solid
fraction
75.0 ± 0.7
25.0 ± 0.7
6.14
29.3 ± 2.1

Insect meal
3.0 ± 0.2
97.0 ± 0.2
8.33 ± 0.17
34.5 ± 0.2

25.1 ± 0.18

DM.Digest. (% dw)
Prot.Digest (% dw)

78.5±4.9
76.9±5.0

DM. Digest: Dry Matter digestibility (DMd)
Prot. Digest: Crude protein digestibility (CPd)
n.a.: not analysed

Analysis in progress
From the results, it can be concluded that the insect meal obtained contains high
protein content, around 34%. Soluble protein was found in the aqueous fraction
whereas the insoluble protein was found embedded within the solids.
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The results show that the protein digestibility in the insect meal obtained with
enzymes is around 77%, higher than the insect meals produced without the
assistance of enzymes (55%).

2.4 Conclusions
The baseline conditions without enzymes have been initially tested to provide
insight on how to scale-up the process with enzymes and later on, the enzymatic
treatment scale-up has been performed.
The optimal enzymatic treatment has been scaled up successfully at LEITAT
mixing milled larvae (paste format) of Hermetia illucens (BSF larvae) provided by
BIOFLYTECH, in a reactor with 0.2% Prot1, 0.75% Lip1, 0.75% Lip2 at acid pH,
and processed at mid temperature under agitation for 4 hours followed by thermal
treatment and centrifugation, using initially the disk stack centrifuge OSD 2-02137 from GEA, and finally using the industrial tricanter centrifuge at
BIOFLYTECH.
After the tricanter centrifugation, three fractions have been obtained: oil, a liquid
phase containing water and soluble proteins and the rest of the solids, containing
non-soluble proteins and chitin. Under the conditions tested, the volume of liquid
phase has been found to be about 60% while the remaining 40% has made up
the solid phase. The liquid fraction has been concentrated using an evaporator
at 60ºC, mixed with the solid fraction, loaded to the disc dryer and finely milled to
ensure uniformity of the final product.
The treated larvae performed well into the tricanter centrifuge, but the fat fraction
was emulsified retaining some proteins and causing protein losses in the final
insect meal, but this is because the tricanter was operated at low capacity.
Emulsification will be avoided when working with bigger volumes to produce
insect meal for WP4 in Task 3.6. (2nd type meal, enzymes). The results have
proved that the protein digestibility in the insect meal obtained with enzymes is
around 77%, higher than the insect meals produced without the assistance of
enzymes (55%).
In task 3.6, the tricanter will work with higher capacities at industrial scale,
expecting higher fat extraction yields and more representative meals. The insect
meal in Task 3.6 will be fully analysed to assess the final characteristics in a more
representative and industrial insect meal.

Analysis in progress
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CHAPTER 3
CHAPTER 2 – INDUSTRIAL GUIDELINES
AND COST ANALYSIS
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CHAPTER 3 – INDUSTRIAL GUIDELINES AND COST
ANALYSIS
3.1 Introduction
In the previous Chapters, the enzymatic treatment of Hermetia illucens larvae
(BSF larvae) and centrifugation process were optimised, validated, and
demonstrated at industrial scale using the optimal enzymes and doses 0.2%
Prot1, 0.75% Lip1, 0.75% Lip2 at acid pH and mid temperature under agitation
followed by tricanter centrifugation to produce insect meals with 38% protein, and
20% residual fat.
In task 3.6, large-scale production of black soldier fly larvae meal (named as 2nd
type of insect meal) will be done to obtain enough amount of insect meal for
animal feed trials in WP4 to compare digestibility with 1st and 3rd insect meal of
the project.
BIOFLYTECH is a producer of biomass larvae on a large scale for his utilisation
in feeds (aquaculture, poultry, pets and baits for fishing) and conversion into
components for animal feed, proteins and fats. They are equipped with all the
technology from the larvae production to meal production, including the tricanter
centrifuge.
In Chapter 3, the goal is to provide industrial guidelines for the enzymatic
treatment and industrial tricanter centrifugation. It includes the investment cost
for the reactor and tricanter. It includes the operational costs analyse of the
enzymatic pre-treatment, which would be necessary to be implemented at
BIOFLYTECH to produce insect meals treated enzymatically, including the
purchase cost of the protease (Prot P1) and the two lipases (Lip 1, Lip2) for the
doses previously established. The costs should be added to the current
operational costs the insect meal at BIOFLYTECH.
Figure 29 shows the flow diagram of the production of insect meals at
BIOFLYTECH. The BSF meal is manufactured by wet pressing method. The
larvae are first unloaded to the milling unit to particle size under 1mm. This is to
ensure uniform processing, accessibility to enzymes and equal temperature in
the biomass. Next, the milled larvae are weighed inside the reactor and mixed
with water (1:1) at acid pH with citric acid and enzymes (protease and lipases).
After the enzymatic reaction, the mixture is treated thermically (2h 90ºC)
(Scenario 1) or alternatively without the thermal treatment (Scenario 2), the
mixture is directly heated 15 min 90ºC by steam injection. Next, the treated larvae
pass through a tricanter centrifuge, and three fractions are obtained: oil, a liquid
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phase containing water and soluble proteins and solids, containing non-soluble
proteins and chitin. The separation of the three fractions is based on their different
specific gravities. The quantity of liquid phase varies with the nature and quality
of the raw material. Under average conditions one may estimate the volume of
liquid phase about 60% while the remaining 40% makes up the solid phase.
The products from the centrifuge are subsequently treated as follows.
The oil passes through an oil separator where sludge impurities are removed
(polishing) to purify lipids. Then, the liquid phase is concentrated using an
evaporator at 60ºC, mixed with the solid phase, loaded to the disc dryer, and
finely milled to ensure uniformity of the final product.
The manufacturer may estimate the expected yield of insect meal on the basis of
the dry matter content of fresh larvae and residual fat. If the dry matter content
of the raw material is around 28-37%, the expected yield for 500 kg fresh larvae
will be 120 kg dry meal approximately. Likewise, the residual remaining oil is
expected to be under 20% at industrial scale and most likely 8-14%. The actual
yields can vary with the composition of the diet of the larvae, particularly with the
oil content, but the diagram is sufficient to illustrate the general trend.
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Figure 29. Flow chart of the production of insect meal at BFT. In green, the Enzyme treatment and Tricanter Centrifugation.

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement nº 861976. This document reflects only the author’s view and the
Commission is not responsible for any use that may be made of the information it contains.

3.2 Industrial guidelines
The process demonstrated in SUSINCHAIN is the enzymatic pre-treatment
followed by tricanter centrifugation to remove fats. The process minimises the
protein losses in the fat fraction while ensures the enrichment in protein in the
final insect meal.

3.2.1 Enzymatic treatment
Milling
An important prerequisite for the efficient enzymatic treatment is the particle size
of larvae to ensure substrate accessibility of the commercial enzymes. The ideal
in milling is to produce small particles under 1mm screen. Since the reaction is
performed at acid pH, no additives are required here for the preservation as long
as larvae are treated next in continuous flow. Darkening can be appreciated
promptly resulting from enzymatic oxidation as well as non-enzymatic reactions,
such as complex formation between iron and polyphenol and Maillard reactions.
Although this does not cause any safety problem for human or animal health per
se, this phenomenon could reduce protein digestibility.

Figure 30. BSF Larvae milled at BFT (paste)
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Enzymatic treatment
Protein hydrolysis is generally designed to increase the overall digestibility.
Proteins are digested by hydrolysis of the carbon–nitrogen (C–N) bond.
Endopeptidases cleave the polypeptides at the interior peptide bonds, and the
exopeptidases cleave the terminal amino acids. Proteases help break down
bonds into a more digestible, protein hydrolysates, which are easily digested and
rapidly absorbed as animal feed.
The process includes mixing fresh larvae paste and water (1:1), with enzymes
0.2% Prot1, 0.75% Lip1, 0.75% Lip2 at acid pH with citric acid, mid temperature
under agitation for 4 hours and centrifugation. Emulsification can be controlled by
reducing vigorous agitation. After the reaction, the mixture is treated thermically
at 90ºC or alternatively, it can be directly heated 15 min 90ºC by steam injection.
Inactivation is required because if enzymes are kept active, they continue
catalysing and starts generating non-protein nitrogen, or degrading the most
labile amino acids.
It is worth mentioning that the cost of the enzymes plus the required addition of
water for the reaction and its subsequent removal by evaporation might
compromise the economic viability. But the added enzymes are commercial
enzymes produced at industrial level and the added water is the same amount
used by BIOFLYTECH in the conventional process (1 fresh larvae paste: 1
water), which means same costs when drying.

Reagents
Citric acid

Protease - Prot 1 (powder)

Lipase - Lip 1 (powder)
Lipase - Lip 2 (liquid)

Table 19. Reagent costs
Provider
Scharlab, S.L.
Vadequimica, S.L
Hd Beverwijk Trading
Scharlab, S.L.,
Importadora Tudelana, S.A,
333 Corporate 1998, S.L
Novozymes
Novozymes

Cost
1.72 - 26 €/kg

207- 740 €/kg

82 €/kg
32 €/kg

Bioreactors are widely used in the biotechnology, cosmetics, and food industries.
The bioreactor recommend at industrial scale for the enzymatic treatment of BSF
should be equipped with weight scale (load cells) and the necessary control and
measurement apparatus – sensors of pH, temperature, pressure. The pH value
can be continuously monitored but this is not strictly necessary since no
significant variation of pH occurs during the enzymatic reaction.
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The heating system should work with a tubular coil for steam heating to reduce
energy costs since a large reactor operating with an electrical resistance would
consume a lot of energy. The construction of the reactor must be designed to
eliminate the existence of dead zones, which may cause problems during the
process. The reactor must have a good degree of mixing of its contents using a
turbine– a stirrer consisting of a horizontal disc and vertically mounted blades.
Several agitators can be mounted on one shaft. In order to increase the mixing
power, the baffles inside the tank can be also used. The system must allow
complete drainage of the system. The control cabinet must be equipped with
screen and built-in PLC enabling the tracking of the parameters.

Figure 31. General scheme of Bioreactor

Table 20. Pros and cons of reactors
Advantages
Continuous operation
Easily adapts to two phase runs
Good temperature control
Simplicity of construction
Low operating (labour) cost
Easy to clean
Limitations
The need for shaft seals and bearings
Size limitation by motor size, shaft length and weight
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Examples of providers are indicated the following table.
Table 21. Investment cost of reactors 10-15m3
Provider
Cost
I.I. GRAU, S.R.L.
80.000 – 160.000 €
ETD Inox Industries, S.L
Orbita Ingenieria, S.L

3.2.2 Tricanter centrifugation
The tricanter centrifuge, also called horizontal centrifuge, a so- called decanter
or desludger consists of a partly cylindrical and partly conical rotor drum (bowl)
and, inside this, a screw conveyor of the same shape. The treated larvae mixture
is fed into the rotor where, by centrifugal force, it is thrown toward the bowl's
periphery. The denser solids, containing non-soluble proteins and chitin, are
rapidly precipitated along the inside rotor surface. Fat and liquid phase are
discharged separately from the machine – the fat phase via a free overflow, and
the water phase, containing soluble protein, under pressure using an adjustable
impeller. The biggest advantage of this method is the immediate, simultaneous
separation of the three phases. Plants with decanters instead of presses are in
practical operation in many parts of the world, generally with small or medium
rates of throughput, ranging from 0.5 m3 to 20 m3 of raw material per hour.

Figure 32. Tricanter centrifuge (source GEA).
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Figure 33. Tricanter centrifuge at BIOFLYTECH

In comparison to pressing, the most important advantage of the tricanter
centrifugation is the ability to process soft and very fluid material where the press
would fail completely. This offers the possibility to add the previous enzymatic
pre-treatment phase, which requires water. Tricanter centrifuges can handle
materials with high contents of solids and at high rates of throughput. It is a more
controllable unit, a much quicker process than pressing. It significantly reduces
the heat load on the material, a factor of importance for the manufacture of special
products. Better hygiene and simpler procedures for washing operations are
further features on the plus side.
In comparison to traditional centrifuge process, decanters are used in the first
stage but then, a second stage with disk stack centrifuges are required to
separate the liquid phase coming from the decanter into its components of fat,
liquid fraction, and solids. Usually, the fat phase is clarified afterwards with a
second disk stack centrifuge.
In the process designed with the tricanter centrifugation, an important
prerequisite for efficient separation is high temperature, implying that larvae
should be heated to 90°-95°C before entering the centrifuge, being 15 min the
residence time. The tricanter centrifuge offers economical three-phase
separation, highest purity capacity of the separated phases due to the adjustable
impeller, flexible adaption to changing inlet conditions, individually decanter
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scrolls available, decanter bowls with application-optimized geometries. Optimum
conditions are dependent both on quantity and nature, especially particle size, of
the solids.
On the negative side, one should note that the centrifuge will discharge the solids
with a higher moisture content than the press. This means increased fuel
consumption for the drying operation. Furthermore, the centrifuge tends to
produce more emulsions and fines, causing problems in the subsequent
separation of oil water and sludge in the liquid phase.
Pros and cons, are listed below:
Table 22. Pros and cons of tricanter centrifuges for three-phase separation
Advantages
Reduced processing time: simultaneous separation of fats, liquid phase, and
solids. Tricanter centrifuges allows faster and more efficient separation than other
technologies such as pressing and decanters.
Fast commissioning and start-up: the device is easy to install and fast at starting
up and shutting down. It requires a small area for operation compared to other
competitive processes.
Size versatility: tricanter centrifuges are versatile, different diameters of the
cylindrical bowl section and the cone angle can be selected for different
applications.
Higher throughput capacity: Tricanter centrifuges can handle materials with high
contents of solids and at high rates of throughput.
Limitations
High equipment capital costs but cost-recovery is viable with increased production
High-energy consumption due to large motors and pumps needed to run the unit.
Noise and vibration

Table 23. Cost investment of tricanter centrifuge
Cost (*)
20.000 – 300.000 €

Provider
GEA
Polat Group
Flottweg SE
Alfa Laval
Nanjing FiveMen Machine Co., Ltd.

(*) price varies with capacity from 0.5 m3/H to 20m3/H and rotation

3.3 Cost analysis
The cost analysis evaluates the economic cost of adding the enzymatic pretreatment phase that should be implemented at BIOFLYTECH y for the
production of 1kg BSF meal treated with enzymes. The cost analysis of the
enzymatic treatment includes the purchase cost of the protease (Prot P1) and the
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two lipases (Lip 1, Lip2) at the doses previously established as well as the energy
cost working at mid temperatures for 4 hours. The cost analyses of the thermal
treatment include energy cost for heating at 90ºC for 2 hours and the purchase
cost of the heat exchanger. In both cases, the purchase of the reactor is included.

3.3.1 Technical evaluation
The technical requirements of the equipment for the enzymatic pre-treatment
process are defined based on the existing operational processes at
BIOFLYTECH for the continuous process. The capacity of the enzymatic reactor
must be sufficient to supply a flow rate in the range of 1,000-2,000kg/h of the
mixture (BSF fresh larvae paste and water) for 8 hours to the tricanter.
In order to supply the necessary flow, two reactor capacities 10m3 and 15m3 are
studied. Besides, two scenarios are also evaluated, enzymatic treatment followed
with and without thermal treatment at 90ºC for 2 hours. This is because at smaller
scale, the thermal treatment has been found necessary but at industrial scale, the
thermal treatment could be omitted since there is always a phase of heating at
90ºC by the steam injection prior to the tricanter, which is highly efficient.
Since BIOFLYTECH is already equipped with the tricanter centrifuge, the
operational costs analysis of the enzymatic pre-treatment, which would be
necessary to be implemented at BIOFLYTECH for the production of insect meals
treated enzymatically are assessed. The cost increase to produce 1kg final
product (BSF meal) is determined by adding this phase to the current process.
To do so, 4 possible scenarios are studied:
•
•
•
•

Scenario 1a: 10m3; enzymatic treatment (mid temperature, 4h) + thermal
treatment (90ºC, 2h)
Scenario 1b: 15m3; enzymatic treatment (mid temperature, 4h) + thermal
treatment (90ºC, 2h)
Scenario 2a: 10m3; enzymatic treatment (mid temperature, 4h)
Scenario 2b: 15m3; enzymatic treatment (mid temperature, 4h)

The needs of the thermal treatment system have also been evaluated.
BIOFLYTECH is equipped with a heat exchanger with a capacity of 300kg/h of
water vapor. To evaluate whether the current equipment is sufficient to meet the
heating requirements, the steam consumption has been calculated as the steam
flow necessary reach the temperature of 90ºC.
For the scenarios with thermal treatment at 90ºC for 2h (scenarios 2a and 2b),
the required steam flow rate is >300kg/h. In these scenarios the economic costs
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for the acquisition of an additional heat exchanger with a flow 500-600kg/h was
considered.
The following table describes the necessary equipment to produce BSF meal
treated with enzymes, it includes the capacity and power of each equipment.

Table 24. Cost investment for the enzymatic treatment

Equipments

Reactor

Capacity
10m

3

9000L

15m

Power
3

10m3

13500L

15m3

n/a

Agitator

1475 rpm

Weighing system

4400kg x4 load
cells

n/a

pH 0-12
Temperature: -50
to 200ºC
Pressure: -1 to
10bar

n/a

Instrumentation and
control

7.5 kw

11kw
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Heat enhancer

Max. 300kg
vapour/h and 500600kg vapour/h

Max. 60.3 Nm3/h
(Natural gas)

3.3.2 Economical evaluation
The different production costs that have been considered in the study are detailed
below:
•

Investment:
▪ Equipment cost plus interest rate

•

Production costs:
▪ Maintenance cost
▪ Insurance cost
▪ Personnel cost
▪ Energy cost
▪ Reagent cost
▪ Waste management cost

Investment
The investment costs of are defined as the costs of equipment. The payment of
these equipment can be made in a single payment, but in this study a term of 10
years has been assumed with interest rate at 4%.
Table 25. Cost investment equipments for the enzymatic treatments

Description
Total amount; Scenario 1
Total amount; Scenario 2

Units

10m3 (a)

15m3 (b)

Unit cost €

Unit cost €

89,840.00
€
81,490.00
€

97,015.00 €
88,665.00 €

(*) Additional heat exchanger was considered only for Scenario 1 (enzymatic treatment + thermal
treatment)

EQUIPMENT COST.…………………………………… 81,490.00 € - 97,015.00 €
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INTERESTS (4%) ………………………….…....…………3,259.60 € - 3,880.60 €

Production costs

A maintenance cost of 4% is assumed and an insurance of 1.5% is established,
both on the value of the equipment.
Table 26. Production cost for the enzymatic treatments

10m3 (a)
Maintenance €

15m3 (b)

Insurance €

Maintenance €

Insurance €

Scenario 1

3,593.60 €

1,347.60 €

3,880.60 €

1,455.20 €

Scenario 2

3,259.60 €

1,222.35 €

3,546.60 €

1,323.00 €

MAINTENANCE COST (4%) …….................................. 3,880.60 € - 3,259.60 €
INSURANCE COST (1.5%) ……......................................1,455.20 € - 1,222.35 €
The manpower considered a specialist operator in production processes with
more than 1 year of experience and a production manager with more than 5 years
of experience. A workday of 8 hours per batch is considered, the annual cost
depends on the annual batches produced.
PERSONNEL COST (BACH) ................................................................ 464.00 €
The energy cost is calculated with an average price of kw/h; however, this amount
may vary depending on the contracted energy company and the rate. A
conversion factor was applied to the energy consumption of natural gas (Nm3/h)
to the billed unit (kwh).
Table 27. Energy cost for the enzymatic treatments

Equipment
Energy (electricity)

Energy (Natural Gas)

Reactor mixing
Reactor heating
(mid temperature, 4h)
Reactor heating
(90ºC, 2h)

Total cost €

Scenario
1a

Scenario
2a

Scenario
1b

Scenario
2b

45 kWh

30 kWh

66 kWh

44 kWh

112 kWh

112 kWh

172 kWh

172 kWh

1772 kWh

n/a

2672 kWh

n/a

47.62 €

6.11 €

71.62 €

9.13 €

ENERGY COST (BACH) ………………………………………...…6.11 € - 71.62 €
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Reagent cost includes the purchase cost of the citric acid (reagent 1), Prot P1
(reagent 2) and the two lipases: Lip 1, Lip2 (reagent 3, 4). Reagent 5 is the water
consumption for vapour production in heat exchanger (close system).
Table 28. Reagent cost for the enzymatic treatments

10m3 (a)
Unit

Management
cost
€/unity

Quantity

15m3 (b)

Cost €

Quantity

Cost €

Reagent 1

Kg

1.72 €

624.0

1,073.28 €

403.2

693.50 €

Reagent 2

Kg

207.00 €

13.0

2,691.00 €

8.4

1,738.80 €

Reagent 3

Kg

82.00 €

48.8

3,997.50 €

31.5

2,583.00 €

Reagent 4

Kg

32.00 €

48.8

1,560.00 €

31.5

1,008.00 €

Reagent 5

L

0.0024 €

3000.0

7.20 €

3000.0

7.20 €

REAGENT COST (BACH) …...………………………….6,030.50 € - 9,328.98 €

3.3.3 Cost quantification
The cost increase for the production of 1kg of Hermetia illucens meal (BSF) is
shown for each of the scenarios based on the annual batches produced (Figure
34). The annual quantity produced (in tons) is also shown based on the annual
batches.
It is observed that the production cost ranges between 6.43€/kg – 6.91€/kg when
adding the enzymatic treatment. As annual production increases, the unit cost to
produce 1kg of meal decreases (with a reactor volume of 15m3, the production
costs decrease in both scenarios). It is also observed that in scenario 2 (without
thermal treatment at 90ºC for 2h) the costs decrease slightly, however, it is not a
determining factor since the increase is approximately 0.1€/kg.
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Figure 34. Production cost of 1kg of Hermetia illucens meal (€/kg) for each scenario and
annual production (Tn/year) according to batches produced

3.4 Conclusions
The critical point in the cost increase to produce the BSF meal treated with
enzymes is the reagents cost. The impact of the enzymatic cost on the final price
is very important, especially Lip 1 and Prot P1 and finally Lip 2.
The annual quantity produced is also a key factor to reducing costs, increasing
the reactor volume and, therefore, the production by batch, and / or producing
more batches per year the production cost to kg BSF meal is reduced.
The thermal treatment at 90°C for 2 hours slightly increases the production cost
but this treatment could be found unnecessary when producing insect meals
industrially for WP4.
The viability of this phase will depend on the benefits the enzymatic treatment
can bring to the final insect meal since with improve characteristics (analysis
ongoing).
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