Aquaculture Independence
Sustainable Production of a High Quality Fishmeal Substitute
Ernest D. Papadoyianis, President, Neptune Industries, Inc.
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Fishmeal: World

2001 2002 2003 2004 2005 2006
(1000 tonnes)

Peru 1844 1929 1219 1983 2126 1466
Chile 698 834 667 936 816 776
Denmart 209 311 246 269 222 213
Norway 216 227 196 212 164 176
Iceland 283 300 2n 204 179 162

Total 3970 4376 3388 3693 3496 2783

Source: IFFO " excluding solubles ** estimates



The global aquaculture industry currently accounts for over 45% of all seafood consumed. That figure has been projected to increase to 75% over the next 20 years. While the industry is truly on a dynamic growth path, it is nonetheless dangerously dependent upon fishmeal as a key protein constituent in fish and shrimp diets. The aquaculture industry is not alone however, as cattle, poultry, hog and mink producers utilize fishmeal as the primary protein source in their diets as well. Currently ten countries produce 80% of all world fishmeal supply, and three of those suppliers are net importers of product, thereby reducing  supply, not increasing it. These include the U.S. and China. Production of fishmeal decreased 20% in 2006, and prices rose from $750/metric tonne to over $1400/metric tonne. U.S. growers experienced four feed price increases within a 16 month period.
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A  staggering 25%  of all world fish production goes into fishmeal and fish oil ! Due to the fact that world supply is so isolated geographically, every tonne of fishmeal travels an average of 5000 km before it reaches the end user. This has enormous economic implications in supplying the global markets.
Clearly the future demand for fishmeal is on a rapidly increasing track. With world fish stocks, and baitfish stocks in particular, in decline, the stage is set for a bottleneck that could severely limit industry growth. In order to head off such a bottleneck, the industry must eliminate its dependence upon fishmeal (and fish oil) and develop sustainable dietary protein sources that can be commercially produced with all natural and organic products.

Alternative Protein Sources

Plant

Plant-based proteins have been around for many years. Grains such as soybean, wheat, and corn are commonly incorporated in small amounts in many fish diets. Plant-based  by-products such as the dried distilled grains (DDG’s) from ethanol production, and other similar products from other bio-diesel are now becoming more available, however are generally, lower in protein that the original grains themselves. 

Seaweeds and algae have also been used on a limited basis in fish and shrimp diets, and further research is underway to evaluate the quality and quantity of different sources. 
In general, plant-based proteins are inferior in quality and amino acid profiles to animal proteins and therefore to date have not proven to be adequate substitutes in carnivorous fish/shrimp diets, as the digestibility and feed conversion ratios are generally lower. Diets of omnivorous species such as catfish and tilapia however may incorporate plant proteins and achieve reasonable conversion ratios.
Bacterial

Bacteria-based proteins are currently being researched and while the initial data on quality of the proteins appears favorable, the economics are in question.

Animal

Animal proteins typically used in fish diets include poultry meal, feather meal, blood meal, and with less frequency, beef heart, collagen protein, etc. Animal proteins have superior amino acid profiles to plant proteins, as well as higher overall protein content. While superior to plant protein, these animal proteins are not foods naturally eaten by fish, and therefore have certain nutritional shortcomings relative to fishmeal. Limiting amino acids such as Methionine, Lysine, and Arginine as well as omega 3 and 6 fatty acids are critical to fish growth, health and development.
How do they Compare to Fishmeal ?

Plant

· May provide adequate protein quality for omnivorous species such as tilapia and catfish.

· By-product waste generally lower in protein composition and quality than processed grains.

· Seaweeds and Algae while high in minerals are typically lower in protein

Table 1.  Limited amino acid comparison of Soybean Meal vs Fishmeal (as % of sample)

	
	Fishmeal*
	Soybean meal ^
	Ento-protein**
	Poultry meal^

	Crude Protein
	62-67
	47
	41.58 - 62.47
	67

	Fat
	8-12
	1.56
	20.21 – 51.48
	10.87

	Ash
	16-21
	5.80
	2.41 – 9.03 
	13.98

	Omega 6
	0.89
	0.40
	3.90 – 10.74
	2.00

	Omega 3
	2.02
	0.05
	0.15 - 0.39
	0.10

	Limiting Amino Acid (%)
	
	
	
	

	Methionine
	1.75
	0.68
	0.55 – 1.02
	0.86 – 1.03

	Lysine
	4.88
	3.03
	2.01 – 3.60
	2.65 – 2.81

	Arginine
	4.24
	3.51
	1.94  - 3.68
	2.28 – 3.69


* Menhaden meal analysis from Eurofin Scientific, 4/2007

** Initial analysis of 4 selected spp. from Eurofin Scientific, 4/2007

^  Analysis courtesy of Zeigler Bros.

Bacterial

· May provide higher grade protein than plants.

· Experimental at this time.

· Can commercial production be economical ?

Animal – Poultry, Blood and Feather (see Table 1.)

· Good supplemental protein source but lacks amino acid profile to fully replace fish meal.

· Many seafood buyers & chefs shun the use of mammalian/avian products in the diets.

· Will they qualify for organic certification ?

Animal – Invertebrates.

· Broad diversity of species.

· May hold the greatest potential for sustainable production.

· Many have good amino acid and digestibility profiles.

· Provide natural food sources in the wild.

· Extensive research is needed.

· Will commercial production be economical ?
One class of invertebrates has drawn particular attention – Insects. Neptune Industries, Inc. (NI) has filed a process patent on the production protocol for a product called Ento-Protein™.  Ento-Protein™ is a high quality dry protein meal created from commercially raised and processed insects. Through a cooperative research effort with Mississippi State University (MSU), NI is in the beginning stages of assessing Ento-Protein’s™ commercial feasibility. MSU was the pioneer in insect rearing methodology over 30 years ago, and remains one of the few Entomology programs worldwide to specialize in insect rearing. Research efforts began in April, 2007 with the first of three critical R & D stages.
Phase I 

Species Identification – From an initial pool of 15 species candidates, the research team at MSU narrowed the field down to 4 species that met a detailed list of production criteria which included:
· Short life cycle

· High survival
· Gregarious

· Self-harvesting

· High fecundity

· Large body mass

· High dry protein to body mass ratio

· Adequate amino acid and fatty acid profiles

· Void of toxins or off-flavor components

· Consumes diet of processing by-products

In May, 2007, initial results of the 4 species selected were obtained, and appear very promising.  The results are expressed in Table 1a. below in a comparison with fishmeal, as well as soybean and poultry meals.
Table 1a.  Limited amino acid comparison of Ento-protein™ vs Fishmeal (as % of sample)

	
	Fishmeal*
	Ento-protein™**
	Soybean meal ^
	Poultry meal^

	Crude Protein
	62-67
	41.58 - 62.47
	47
	67

	Fat
	8-12
	20.21 – 51.48
	1.56
	10.87

	Ash
	16-21
	2.41 – 9.03 
	5.80
	13.98

	Omega 6
	0.89
	3.90 – 10.74
	0.40
	2.00

	Omega 3
	2.02
	0.15 - 0.39
	0.05
	0.10

	Limiting Amino Acid (%)
	
	
	
	

	Methionine
	1.75
	0.55 – 1.02
	0.68
	0.86 – 1.03

	Lysine
	4.88
	2.01 – 3.60
	3.03
	2.65 – 2.81

	Arginine
	4.24
	1.94  - 3.68
	3.51
	2.28 – 3.69


* Menhaden meal analysis from Eurofin Scientific, 4/2007

** Initial analysis of 4 selected spp. from Eurofin Scientific, 4/2007

^  Analysis courtesy of Zeigler Bros.

Feed Acceptability and Off-flavor Testing - Phase I research will conclude with feeding trials on juvenile hybrid striped bass at the Dept. of Wildlife and Fisheries at MSU. A standard 40% protein and 10% fat diet contains 20-23% fishmeal by dry weight. In the experimental diet, 100% of the fishmeal will be replaced with Ento-Protein™ of one or two of the insect species selected. Throughout a three week trial, diet acceptability will be evaluated. Upon its conclusion, an independent panel at MSU’s Food Science Dept. will evaluate fish fed both control and experimental diets, for off-flavor.
Diet Digestibility and Growth Trials – Phase 2 research will include a three week growth trial and accompanying digestibility analyses. Growth trials will be extended for a period of two months to assess food conversion ratios of both control and experimental diets. As above, experimental diets will consist of full fishmeal replacement with Ento-Protein™. At this time, it is being considered whether a single source of Ento-Protein™ will be used, and/or a blend of two sources. 
Road to Commercial Development


Once the research has provided sufficient data to support fish growth and health, Neptune is prepared to move toward commercial development. An initial site will be sourced based upon favorable economic and climate conditions. A design and engineering team is already being assembled to map out the first production facility of its kind in the world.
Initial Insect Comparison to Fishmeal

Table 2. below compares an analysis of the four selected insect species with three varieties of fishmeal in a nutritional profile. The preliminary results of these analyses were very encouraging. Crude protein levels, fatty acids, and limiting essential amino acids were very comparable with fishmeal. Crude protein was highest in Species A, which was most comparable to fishmeal. In terms of limiting essential amino acids, all four insect species compared very well in Arginine levels. Lysine, Cystine, and Methionine levels were slightly lower than fishmeal, however were well within a range that could provide a high growth diet. The actual feeding trials will provide the most useful data as to the growth potential of the Ento-Protein™ based diets, as lab analyses do not take into consideration the synergistic effect of the diet, as well as the combination of elements and there overall affect on growth. Although Methionine levels are thought to be most limiting,  this has not always proven to be the case in fish diets. 
Table 2.  Comparison of the nutritional characteristics of selected insect species with common fish meals.

	



Species
	


Ash
(A, %)
	

Minerals (M, %)
	

Lipids
	

Crude Protein
(CP, %)
	
Amino Acids
(AA, % PR)

	
	
	
Ca
	
P
	Total (L, %)
	Linoleic (% L)
	
	
Arg
	Met+
Cys
	
Lys

	
AAcheta domesticus
(cricket)
	
  4.7(0.2)
	
0.2(0.0)
	
0.9 (0.0)
	
21(1)
	
34(-)
	
66(1)a
	
7.1(-)
	
2.7(-)
	
6.3(-)

	
BTenebrio molitor
(mealworm)
	
  3.1(0.2)
	
0.06(-)
	
0.7(-)
	
34(2)
	
29(-)
	
49(1)
	
5.9(-)
	
2.4(-)
	
6.2(-)

	
CHermetia illucens
(soldier fly)
	
16(1)
	
5.2(0.2)
	
1.2(0.3)
	
32(3)
	
  3.3(-)
	
43(1)
	
5.1(-)
	
3.3(-)
	
6.4(-)

	
DGalleria mellonela
(wax moth)
	
  2.3(0.5)
	
0.04(-)
	
0.4(-)
	
57(2)
	
  6.0(-)
	
36(2)
	
5.6(-)
	
2.6(-)
	
6.2(-)

	
Menhaden
	
20(-)
	
5.7(-)
	
3.3(-)
	
10.2(-)
	
  1.1(-)
	
68(-)
	
5.9(-)
	
3.8(-)
	
7.7(-)

	
Herring
	
 ----c
	
2.6(-)
	
1.9(-)
	
  9.9(-)
	
  1.5(-)
	
73(-)
	
5.9(-)
	
4.0(-)
	
8.0(-)

	
Anchovy
	
17(-)
	
4.3(-)
	
2.8(-)
	
  8.6(-)
	
  3.4(-)
	
70(-)
	
5.7(-)
	
4.0(-)
	
7.9(-)


All entries are Mean(SEM) with N = 1-4 based on dry weights; SEM missing for N =1.

aBold format: 0.75∙MIN[fish meals] ≤ Mean ≤ 1.25∙MAX[fish meals].

bItalic format: Estimated.

cNo data.

Keys to Success

Developing a new, revolutionary product involves many important steps. The thorough completion of research and analysis of data is critical to the success of commercial operations. Identification of potential bottlenecks and anticipated solutions should be mapped and included in the business development strategy. Clearly the economics of mass insect production will play a major role in the commercial viability. Utilizing low-cost land, labor, and feed will be key components. As well, technology and automation of facilities to reduce manpower and increase production efficiency will inevitability influence cost.
Benefits to the Aquaculture Industry

As an industry, we must react now to head off a significant bottleneck in projected growth and market competitiveness. Sustainability of feed is critical to allowing unhindered growth of our industry, as well as to protect and nourish our world fisheries stocks. 

All-natural and organic foods are producing 20%+ growth per year in the food industry. A more and more countries come on-line with Organic standards and certification, the aquaculture industry should see a genuine growth spurt. Once again, the use of sustainable, high quality, commercially produced protein that can be certified organic will be critical to allowing farmed seafood to compete in this market.
The broad diversity and body composition within the class of insects should allow dietary recipes to be created to generate species specific diets. It is anticipated that Ento-Protein™ will initially provide a necessary solution to sustainable, all-natural, and organic based fish and animal production. As the production process reaches full stride globally, it may provide a high quality protein meal for fish, livestock and human diets. 
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