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Farming industry
• Small: 100 000 t (tilapia 6.3 Mt, salmon 2.6 Mt)

• Mainly farmed in Thailand, Taiwan, Malaysia
• 95% farmed in Asia
• Moderate industrialization
• Average fish market size: 1.0 kg
• Sold: 1) Whole gutted, 2) Fillet, 3) Live 
• Market fillet price in Singapore: 43.1 USD/kg (22/08/2023 , n=7)

Farming systems
• Systems: 1) Ponds, 2) Cages, 3) RAS
• Intensity: extensive / semi-intensive / intensive
• Production cost estimates: 

• Thailand: 0.6 – 2.2 USD/kg 
• Australia: 1.5 – 4.8 USD/kg

Mainstream, Pond, Australia

Mainstream, RAS, AustraliaBarramundi Group, Cage, Singapore

Boonsawang, Pond, Thailand
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Asian seabass (Lates calcarifer) or barramundi



Research Platform on Tropical Recirculated Aquaculture System (TRAS)

TRAS tanks

Marine Aquaculture Center (MAC), St John Island, Singapore

TRAS
• Recirculated system for fesearch inaugurated in MAC, in 2021
• 32 tanks of 1m3  with adapted Guelph faeces collection systems

Water quality
• UV treatment (75 mJ cm-2), Ozone supply (1.2-2.0 l min-1)
• Moving-bed biofilter reactor (MBBR)
• Continuous (6 measures/min): pH, ORP, temperature in biofilter
• Daily record of salinity, pH, nitrate, nitrite, total ammonia, alkalinity 
• Continuous (6 measures/min): DO, Temp, salinity in each tank
• Pure oxygen injection, produced by pressure swing adsorption system

Protocol design
• Tank replicates per treatment: 3
• Tank flow rate: 25 l/min/tank (150%/h)
• Photoperiod: Natural (12:12)
• Water: Saline, 28-30 ppt 
• An additional control group (n=3) is fed a commercial feed, to assess the               
representativeness of the results in relation to on-farm performance.
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Digestibility estimates of defatted black soldier fly 

(Hermetia illucens) larvae meal (BFSM)

Digestibility of ingredients derived from food by-products (insect, single-cell) in Asian seabass

Ingredients derived from food by-products 



Digestibility estimates of defatted black soldier fly (Hermetia illucens) larvae meal (BFSM)

Digestibility of ingredients derived from food by-products (insect, single-cell) in Asian seabass

Cho et al. (1982), Sugiura et al. (1998)

Fish faeces collection (modified Guelph system) and analysis



 Composition (g kg-1 DM)
Dry matter 939.3
Ash 145.9
Crude protein 518.5
Crude lipid 109.7
Fibre 91.1
NFE2 134.9
Gross energy3 20.5
   

Essential AA
Arginine 37.4
Histidine 15.1
Isoleucine 23.6
Leucine 37.5
Lysine 34.6
Valine 37.7
Methionine 9.6
Phenylalanine 21.8
Threonine 21.7
   
Fatty acids
SFA 29.1
MFA 28.4
PUFA 38.5
LC-PUFA 32.1
n-3 33.8
n-6 4.7

Digestibility estimates of defatted black soldier fly (Hermetia illucens) larvae meal (BFSM)

• Produced in Singapore
• Feeding media: Mix of food 

waste

Control BSFM Soy Com.
Ingredients (g kg-1)
BSFM 300
Soy Prot. Conc. 300
Fish meal 500 350 350
Soybean meal 50 35 35
Wheat gluten 180 126 126
Wheat flour 161 113 113
Capelin oil 40 28 28
Tuna oil 40 28 28
Soy lecithin 10 7 7
Vitamin premix 5 3 3
Mineral premix 2 2 2
Ca(H2PO4)2 10 7 7
Yttrium oxide 1 0.7 0.7

Proximate composition (g kg-1 DM)
Crude protein 599 578 616 545
Crude lipid 158 156 122 160
Fibre 1 22 10 18
NFE2 148 134 168 156
Gross energy3 22.9 22.5 22.4 22.2

Experimental diets

1 in g kg-1, 2 Nitrogen-free extract (NFE), 3 GE in MJ kg-1 DM, omega-3 (n-3), omega-6 (n-6), omega-7 (n-7), omega-9 (n-9), saturated fatty acids (SFA), mono-
unsaturated (MFA), poly-unsaturated (PUFA), long-chain poly-unsaturated (LC-PUFA), 20:5 eicosapentaenoic n-3 (EPA), 22:6 docosahexaenoic n-3 (DHA)
Digestibility of ingredients derived from food by-products (insect, single-cell) in Asian seabass

Defatted Hermetia illucens larvae meal



Results
30% BSFM inclusion:
• Did not impact growth (P>0.05)
• Did improve total feed intake (P<0.05)
• Did decrease the FCR (P<0.05)
• Was not different from soy inclusion
• had a better FCR and similar growth compared to the 

commercial barramundi feed
In a context of digestibility estimates, the performance were 
not suboptimal.

FBWa is the average final fish body weight (g) in tank a, Ti (°C) is the water temperature on day i. 
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Method
• Asian seabass: 150 fish/tank
• From 71.1 g to 222.8 g over 51 days
• Final density: 30.0 kg.m-3

Digestibility estimates of defatted black soldier fly (Hermetia illucens) larvae meal (BFSM)



Control BSFM Soy
DM 88.1a 85.3b 88.1a

CP 92.5a 93.3a 95.4a

CL 90.2a 90.2a 94.0a

GE 91.3a 89.9a 92.1a

Digestibility estimates of defatted black soldier fly (Hermetia illucens) larvae meal (BFSM)

Apparent digestibility coefficient (ADC) of dietsResults
• Apparent digestibility of protein, lipid and energy from BSFM were high 
• Similar digestibility to soy protein concentrate, except for gross energy (P>0.05)

BSFM Soy
DM 79.0a 88.2a

CP 95.6a 99.5a

CL 90.4a 95.4a

GE 86.4b 92.5a

Apparent digestibility coefficient (ADC) of ingredients

Digestibility of ingredients derived from food by-products (insect, single-cell) in Asian seabass
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Digestibility estimates of representative meals used in fish feed 
formulation (n=317)1

1 (IAFFD, 2022: open-access database based on a review of the scientific and technical literature) Arcsine-square-root transformation was applied to ADC values before variance comparison

• Digestibility estimates of BSFM were compatible with market requirements for 
Asian seabass aquafeed
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Impact of soy replacement with single-cell protein 

meal (SCP) on diet digestibility

Ingredients derived from food by-products 



Impact of soy replacement with single-cell protein meal (SCP) on diet digestibility

Experimental diets
Control SCP

Ingredients (g kg-1)
SCP   300
Soybean meal 381 124
Soy Protein Concentrate 187 138
Fish meal, 70% CP 259 271
Soy lecithin 30 30
Rice flour 90 72
Sardine oil 44 56
Vitamin premix 5.0 5
Mineral premix 2 2
Yttrium oxide 10 10

Proximate composition (g kg-1 DM)
Dry matter1 883 897
Ash 78 98
Crude protein 463 458
Crude lipid 98 109
Fibre 18 10
NFE2 226 222
Gross energy3 190 191
Yttrium oxide 7.9 8.4

Digestibility of ingredients derived from food by-products (insect, single-cell) in Asian seabass

1 in g kg-1, 2 Nitrogen-free extract (NFE), 3 GE in MJ kg-1 DM, omega-3 (n-3), omega-6 (n-6), omega-7 (n-7), omega-9 (n-9), saturated fatty acids (SFA), mono-unsaturated (MFA), poly-
unsaturated (PUFA), long-chain poly-unsaturated (LC-PUFA), 20:5 eicosapentaenoic n-3 (EPA), 22:6 docosahexaenoic n-3 (DHA)

Bacteria mix meal

 Composition (g kg-1 DM)
Dry matter1 936.2
Ash 132.5
Crude protein 461.4
Crude lipid 32.0
Fibre 2.6
NFE2 371.5
Gross energy3 18.7
   

Essential amino acid 
Arginine 24.8
Histidine 6.6
Isoleucine 18.1
Leucine 30.0
Lysine 13.6
Valine 26.1
Methionine 10.4
Phenylalanine 17.2
Threonine 19.3
   

Fatty acids  
SFA 2.7
MFA 8.2
PUFA 0.0
LC-PUFA 0.0
n-3 0.0
n-6 0.0

• Produced in China
• Feeding media: 

Brewery liquid waste



Control SCP
DM 82.4a 88.1a

CP 95.0a 91.0b

CL 90.7a 88.1a

GE 87.0a 82.6a

Impact of soy replacement with single-cell protein meal (SCP) on diet digestibility

Apparent digestibility coefficient (ADC) of diets

Digestibility of ingredients derived from food by-products (insect, single-cell) in Asian seabass

Control SCP Commercial
0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

1,23

1,44

1,02

a

b

c

Thermal-unit growth coefficient (TGC) Feed conversion ratio (FCR)

Control SCP Commercial
0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

8,0

9,0

5,77
5,02

7,23a
b

c

Results
30% soy ingredient replacement with SCP :
• Did decrease growth (P>0.05)
• Did increase FCR (P<0.05)
• Did not modify total feed intake (P>0.05)
• Protein ADC is lower in the SCP diet (P<0.05)
• Other ADC are similar in both diets (P>0.05)

Method
• Asian seabass: 110 fish/tank
• From 85.8 g to 196.6 g over 36 days
• Final density: 21.5 kg.m-3
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Arcsine-square-root transformation was applied to ADC values before variance comparison



Digestibility gains through extrusion settings optimization

Twin-screw extruder (Clextral, Evolum 25), Marine Aquaculture Centre, SFA

Digestibility of ingredients derived from food by-products (insect, single-cell) in Asian seabass

Barrel temperature (Low/High)

Low moisture incorporation (LM) Low moisture incorporation (HM)

Control SCP (30%) Control SCP (30%)

Low barrel T° (LT) LT-LM LT-LM LT-HM LT-HM

High barrel T° (HT) HT-LM HT-LM HT-HM HT-HM
• Comparison of 4 extrusion settings

Control SCP 
(30%)

Moisture 
(Low/High)


