Fillet Contaminants
PCB 5X Lower
‘ Mercury 4X Lower

FCR 1.46

Sustainability:
Challenges

- Turning Carnivorous Fish into

Complete independence from natural stocks through DOMESTICATION ve g eta" an s
Improved / more cost-effective SEED PRODUCTION . - R —
Better targeted SPECIES SELECTION ._i m \‘ i = 2 b
Development of more efficient stocks through SELECTIVE BREEDING ' [ ...;54
More MICROBIAL MANAGEMENT for more sustainable production - : e 14
Better understanding of IMMUNE SYSTEMS in vertebrates and X e i@ wf m > .!
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invertebrates
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More INTEGRATED PRODUCTION SYSTEMS for plant and animal farming

COASTAL AND OFF-SHORE FARMS of food and energy

Full independence from fisheries stocks for LIPID AND PROTEIN
‘ ING

o

REDIENTS in aquatic feeds

10. More attention for INTEGRATION of restocking activities with FISHERIES
management

11. SOCIETAL LEVERAGE:

1. multi-stakeholder interaction

2. International cooperation on a win-win basis ! ¢ ‘
h P.//WW\ V.

Aquaculture, The Blue Biotechnology of the Future

Patrick Sorgeloos /f'Sh IeSS f'Sh'

World Aquaculture, 2013

_Why Salmon Eating Insects Instead of Fish Is Better _

for Environment

Companies in Europe have developed new kinds of feed for salmon farms that could
help the environment—if they can scale up quickly.
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Potential of insect-based diets for Atlantic salmon (Salmo salar)

Ikram Belghitj"*, Nina S. Liland?® Rune Waagbg?, Irene Biancarosa®", Nicole Pelusio®,
Yanxian Li“, Ashild Krogdahl?, Erik-Jan Lock®
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P University of Bergen, Department of Biology, Thormghlensgt. 53 A/B, P.O. Box 7803, 5020, Bergen, Norway

 Department of Life and Environmental Science (DISVA), Universitd Politecnica delle Marche, Ancona, Italy
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IM-0/VO Fig. 2. Composition of whole body (% of wet weight) of fresh-
water Atlantic salmon fed a control diet (IM-0/V0O) or diets
containing IM and,/or 101 or 102 for a period of 8 weeks. Values
IM-0/102 are means, with their standard deviation represented by vertical
IM-E5/VO hars. P, significant effect of dietary pratein source. O, significant

effect of dietary lipid source. P x O, interaction between the

main effects of the two factors (P < 0.05, two-way ANOVA).
IM-85/102 DM; P <0.01, 0 =0.75,P x O =0.75.
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Atlantic Salmon Diet
Insect Digestibility

Protein 89 + 3.84
. Lipids 92 + 3.84
Diet 2 p

Moisture 3.85 %

Protein (crude) 46.07 %

Fat (crude) 15.71 %

Fiber (crude) 2.69 %

Ash 8.30 %
Code Drezcription Actual Percent
- 5592700 Profine F 75,0000 28,7500
Fatty Acid Composition 9008600 | O | AP INSECT MEAL-CO 4FE. 5000 23,3300
Pl2 =diet 5522000 CM GLUTEM B0 306, 5000 15.3400
et e w0 4453000 ‘WHEAT FLOUR BAGGED 300.2000 15.0400
T o 3422100 MEMH GOLD OIL TOPDRESS 119.2000 59500
B510400 MOMOCALCIUM PHOSPHATE FiG 79.0000 3.9500
3430000 | |LECITHIN FG £0.0000 2.0000
o 8302000 TAURIME 98.5% FG 30.0000 1.5000
o 8377000 L L'YSINE 98.5% 15.0000 0.7500
o F7RE000 CHOLIME CL-70% 12.0000 0.5000
- | BEZE000 POTASSIUM CHLORIDE [DYMA K] FG 11.2000 0.5600
230000 DL METHIOMIME 39 9.0000 0.4500
BE35000 SALT 55000 0.2800
F7EI200 TIGER C-35 4.0000 0.2000
o A07EE20 PREMIX A0S T 2 4000 0.1200
*Ta o 9093000 | | PREMIX AQUAMIN FISH 2.4000 01200
' 541000 MAGNESIUM OXIDE FG 1.0000 0.0500




Digestibilities

Seabass Salmon
ADC % Nitrogen ADC % Carbon ADC % Nitrogen ADC % Carbon
0 % Insect Meal o ’_',94’;8, = s e = = 883
30% Insect Meal | 01 932 ! | o | 78.4

50% Insect Meal S 902 e e

80% Insect Meal 92.7 92.2 ) 83.2

- Growth Trial -

. Feburary . - _Maiéch |




Taurine
The missing ingredient for development of fish
ree diets for aguaculture?

Supplement Facts
Serving Sire 1.93 11, 02

Amsount Per Serving % Daily Value
Nacn (x5 Naonamide) 30mg 150%

Hours of en | PSS {23 Pyradaone
RTRRI el | Hydrochionds) 40mg ok
Fose Acd A00meg 100%

Supplement Facts
4 cal Serving Size 2.0 floz. (240 m)
caiones
. Vitamin 812 Serving Per Container 3
£
No Sugar ¢ || IS N

Sodem 18mg

Enoey Blend 187
Taunne, GloCuronis 8cid (&S of ¥om
ghocuronofacions), Malic Acd. N-Aceiyl
L-Tyresine. L-Phemytafanine. Catieine,
Citicokne

T o ot e Aaron Watson, Ph.D. Rick Barrows, Allen R. Place

O ingredients: Punfied Watee, Natural and
Artficial Ravors; Sucralose; Polassium
Sorhate, Sodum Beruroate and

EDTA (0 protect fasthress)

f 11|:rrle':

Institute of Marine and Environmental Technology
University of Maryland Center for Environmental Science




Atlantic salmon (Salmo salar) require
increased dietary levels of B-vitamins
when fed diets with high inclusion of
plant based ingredients

Gro-Ingunn Hemre', Erik-Jan Lock', Pal Asgeir Olsvik', Kristin Hamre',
Marit Espe', Bente Elisabeth Torstensen', Joana Silva’, Ann-Cecilie Hansen',
Rune Waagbe', Johan S. Johansen®, Monica Sanden' and Nini H. Sissener'

' National Institute of Nutrition and Seafood Research (NIFES), Bergen, Norway
*Biomar, Trondheim, Norway
*GIFAS, Inndyr, Norway
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Complete Nutrient Content of Four Species of Feeder Insects 557
~ TABLE 4. Vitamin, choline, and inositol content of sclected insect species on an as is basis

Witamin Crickets Blealworms Superworms

~ Vitamin A (IUfkg - from rctinol) < 1,000 < 1,000 < 1,000
~ - Vitamin [y (1W/kg) < dF <dr 531
C Vitamin Dy (1IUkg) <4 <40 <40

 Vutamin E (1U/kg) 537 36,2 163.0
Vitamin K (mgkg) 78.4 <50 <50

~ Vitamin C (mg/kg) 92.0 99,0 101.0
~ Thinmin (mg/kg) 20 L 17"
~ Riboflavin (mg/kg) 16,6 R.7 1.2
— Pantothenie Acid (mg/kg) 20,3 15.0 7.0
Niacin (mg/kg) 29.5 46,5 35,3

-~ Pyridoxine (mg/kg) 2.13 6.90 355
~ Folic Acid (mg/kg) 1.07 1.55 0.6
~ Biotin (mgfkg) 0.21 (.43 .38

~ Viamin Bs (pghkg) 193.0 1.3 4y
~ Choline (mg/kg) 1,020 1410 1,240
~ Inositol (mg/kg) 45 267 223

. "Walue is <5005 of the NRC requirement of rats for growth.

] PValue is 50-100% of the NRC reguirement of rats for growih,
© "Walue is <50F of the NRC requirements of 0-3 week old broiler chickens.
- "Walue is S0-100% of the NRC requirements of 0—3 week old broiler chickens.

TABLE 2. Mineral content (mg/kg) of selected insect species on
an as is basis

Mineral Crickets Mealworms Superworms  Waxworms

Calcium 366" 156" 262" 203"
Phosphorus 2,190 2,640 2,090 1,930¢

~ Magnesium 193¢ 620 435 266"
Sodium 1,110 225° 385¢ <123

~ Potassium 2,850 3,350 2,860 2310
~ Chloride 2,210 1,760 1,630 760"
~ Iron 17.5¢ 20,74 19.9¢ 9.6
Zine 54.3 49.5 30.2 25.9¢
Copper 6.3 8.3 36" 3.3¢

~ Manganese  8.7° 327 37 2.7
~ lodine 0.145 <0.10" <0.10" <0.107
Selenium 0.133 0.123 0.103 0.177

~ "Value is <50% of the NRC requirement of gats for growth.
~ "Value is 50-100% of the NRC requirement [bf rats for growth.
~ “Value is <50% of the NRC requirements of -3 week old broiler
~~ chickens.
~ “Value is 50-100% of the NRC requiremerts of 0-3 week old
broiler chickens.




Superworms

Currently, Zophobas morio take tw1ce ass,.; :
long to grow as Tenebrio molitor.
. However, during the course of the1r
_ lifetimes, they put on biomass at 4.79
times the rate (Van Broekhoven et al,
~2015), yielding a time- -weighted
~average eff1c1ency increase of about
~ 240% over the more common T. molztor.' -
_”leen the necessity of large -volume
production to supply the aquaculture
- feed market, among others, it makes
~_ sense to focus on the species that
~ produce the highest yield.
- Finally, live Z. morio larvae prices are
- 3.5x higher than T. molitor in the United
L Shike makmg it a more profltable
_~"spec1es in the 1-5 year tlme frame
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