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Fish feed-research may help reduce world hunger
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New research aims to make carnivorous fish vegetarian, thereby alleviating world food problems.
For farmed fish, a new type of food is on the menu: concentrated protein feed from bacteria, yeast or algae.
The natural food for carnivorous fish is other fish. As a result, making plant feed digestible for farmed fish is
considered a major breakthrough. In the long term, this could mean that we do not have to use valuable wild
fish in fish feed.
"Over the last ten years, we have managed to drastically reduce the fishmeal percentage of fish feed. We
have especially worked to introduce plant protein as an alternative to fishmeal without hampering the
growth, feed conversion and the health of farmed fish,» explains Margareth Øverland, professor of
aquaculture nutrition at the Norwegian University of Life Sciences.
Fighting the effects of "anti-nutrients"

But to feed fish with plant feed, like soya or beans, is not without problems.
Plants contain a lot of carbohydrates, fibre and starch – and the carnivorous fish are not quite able to exploit
these ingredients.
"Still, the biggest challenge with plant feed is that it contains 'Anti-nutrients'", explains Øverland.
These are substances that may influence growth, feed conversion and health in fish. They may harm the
digestive system and bind the minerals in the plant feed in such a way that the bone structure and skeleton in
the fish become too soft. Also, these substances may give the feed a bitter taste, making it unpalatable for the
fish.
Microscopic food

Øverland and her team of aquaculture researchers found that by treating the plant feed with heat and
pressure, in addition to adding high-quality protein feed from bacteria, yeast or algae, the negative effects of
plant feed could be reduced considerably.
This research on microbial protein sources means that we eventually may be able to reserve valuable food
plants, such as soya and beans, for humans.
"We have shown that we can feed fish with fishmeal-free feed by using an optimal combination of plant
proteins. How sustainable is it to continue feeding farmed fish with food that human beings may need, such
as fish and soya, in a world with an ever growing population? In the future, fish feed should primarily be
based on raw materials that are not also food for human beings – and we have discovered that
microorganisms such as bacteria and yeast are very promising feed resources," says Øverland.

So, you are looking at using ingredients that under no circumstances are food for human beings?
"Yes, that is correct. We had an interesting research project here last winter where one group of fish was fed
with high quality fishmeal and other groups with different types of yeast. The fish that were fed yeast grew
well and exploited the protein very well, so this has a lot of potential."
Nutritious bacteria

Studying bacteria is also fascinating, says Øverland:
"We can produce these from natural gas or biogas and easily transform them into high-quality protein. The
bacterium is sterile and its protein content resembles fishmeal a lot. It has an equally high percentage of
protein and fat and works really well as an alternative to fish raw material."
It still sounds strange, feeding bacteria to fish?
"No, it really is the most natural thing in the world. Remember, we use bacteria in food for human beings as
well, in yoghurt for instance – and bacteria taste really nice and work well in fish feed. The fish grows, and
what is exciting about bacteria is that these contain certain useful components that have proved to improve
fish health."
Where do you obtain the bacteria you use in the feed?
"We use a type of bacteria called Methylococcus capsulatus that is able to exploit the gas methane as a
source of energy. We grow the bacteria on natural gas, add ammonia and some minerals and create high
quality protein feed for fish."
Can you use normal bread yeast to feed salmon?
"Strictly speaking, yes. But we have worked with other types of yeast which give better results than normal
baking yeast. These are types of yeast which can exploit biomass from the forest or from farming."
From tree to filet

Where does this yeast come from?
"You can grow it on different forms of nutritional substrates such as milk products. Eventually, we will be
able to grow it on biomass from forest – for instance on spruce trees. The starting point is a timber log cut
into wood chips which are transformed into fermentable sugar with enzymes. It is this sugar yeast grows on."
So you can actually feed farmed fish with wood chips?
"Actually, you can. This is also a very interesting value chain, I like to call the concept: «From tree to filet».
"The third project we have worked with is microalgae. This is also exciting, because the starting point is
sunlight and CO2 for growing algae. Then we get a biomass that can be used in fish feed, and the advantage
here is that it contains the important omega 3-fatty acids the fish are so dependent on. We have shown that
feed made from algae is interesting and effective, but there are major variations between the different types
of algae. Here we have to introduce a process to optimise algae in order for it to be suitable as fish feed."
"The advantages with these types of feed are primarily that such feed ingredients are available in large
quantities, that they are cheap and that, with new technology, we are able to use them to feed farmed fish."

Øverland presented the sensational results during the annual conference of The American Association for the
Advancement of Science, (AAAS) in Boston February.
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