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a fast-growing aquaculture industry, which 
increased the prices of f ishmeal and fish oil. As a 
result, a growing share of f ishmeal and fish oil 
is being produced from fish by-products. It is 
now estimated that these by-products are used to 
produce up to 25�35�percent of the total volume 
of f ishmeal and fish oil, but regional differences 
exist. For example, by-product use in Europe was 
estimated at a comparatively high proportion 
of 54�percent of total production ( Jackson and 
Newton, 2016). With no major increases in raw 
material expected to come from whole wild f ish 
(in particular, small pelagics), any increase in 
f ishmeal production will need to come from 
by-products, with different nutritional value, 
being lower in protein, but richer in minerals 
and amino acids in comparison with fishmeal 
obtained from whole f ish. 

Nevertheless, f ishmeal and fish oil are still 
considered the most nutritious and most 
digestible ingredients for farmed fish, as 
well as the major source of omega-3 fatty 
acids (eicosapentaenoic acid [EPA] and 
docosahexaenoic acid [DHA]). However, their 
inclusion rates in compound feeds for aquaculture 
have shown a clear downward trend, largely as 
a result of supply and price variation coupled 
with continuously increasing demand from the 
aquafeed industry. They are increasingly used 
selectively at specif ic stages of production, such 
as for hatchery, broodstock and finishing diets, 
and the incorporation of f ishmeal and fish oil 
in grower diets is decreasing. For example, their 
share in grower diets for farmed Atlantic salmon 
is now often less than 10�percent.

With regard to direct human consumption, f ish 
oil represents the richest available source of 
long-chain polyunsaturated fatty acids (PUFAs), 
which perform a wide range of critical functions 
for human health. However, the Marine 
Ingredients Organisation (IFFO) estimates that 
about 75�percent of annual f ish-oil production 
still goes into aquaculture feeds (Auchterlonie, 
2018). Because of the variability of f ishmeal 
and fish-oil production and associated price 
variations, many researchers are seeking 
alternative sources of PUFAs. These include 
stocks of large marine zooplankton, such as 
Antarctic krill (Euphausia superba) and the 
copepod Calanus finmarchicus, although concerns 

remain over the impacts on marine food webs. 
Krill oil in particular is marketed as a human 
nutrient supplement, while krill meal is f inding 
a niche in production of certain aquafeeds. 
However, there are practical challenges 
regarding the processing of this raw material, 
notably due to the need to reduce its f luoride 
content, and because the cost of zooplankton 
products is too high for their inclusion as a 
general oil or protein ingredient in f ish feed.

Fish silage, a rich protein hydrolysate, is a 
less expensive alternative to f ishmeal and fish 
oil, and it is increasingly being used as a feed 
additive, for example, in aquaculture and in the 
pet-food industry. Obtained by acidif ication and 
natural protein hydrolysis, silage has potential 
to improve growth and reduce mortality of fed 
animals (Kim and Mendis, 2006; Toppe et al., 
2018).

By-product utilization 
The expansion of f ish processing has resulted 
in increasing quantities of by-products, which 
may represent up to 70�percent of processed 
fish. Historically, f ish by-products were often: 
thrown away as waste; used directly as feed 
for aquaculture, livestock, pets or animals 
reared for fur production; or used in silage 
and fertilizers. However, other uses of f ish 
by-products have been gaining attention over 
the past two decades, as they can represent a 
significant source of nutrition and can now be 
used more efficiently as a result of improved 
processing technologies (Al Khawli et al., 2019). 
The great amount of processing by-products 
involves significant environmental and technical 
challenges due to their high microbial and 
enzyme load and their susceptibility to rapid 
degradation unless processed or stored properly. 
Thus, timely collection and treatment of these 
by-products is crucial for their further processing. 
The by-products are usually composed of 
heads (which represent 9�12�percent of total 
f ish weight), v iscera (12�18�percent), skin 
(1�3�percent), bones (9�15�percent) and scales 
(about 5�percent). 

Fish by-products can serve a wide range of 
purposes. Heads, frames, f il let cut-offs and 
skin can be used directly as food or processed 
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back of strong global demand for salmonids 
throughout the Americas, Europe and Asia and 
increase in prices. In 2018, Chile became the 
fifth major exporter of f ish and fish products, 
but in 2019 their value declined by 3�percent 
to USD�6.6�billion. Thailand, the sixth major 
exporter, has experienced a significant decline 
in exports since 2012, mainly as a result of 
its reduced shrimp production due to disease 
outbreaks that have eroded its competitiveness 
at the global level. 

The steady increase in developing countries� 
share of international trade f lows, with faster 
rates of growth compared with developed 
countries (Figure�30), has been a defining 
feature of global f ish market development. 
From 1976 to 2018, exports from developing 
countries increased by an average of 8.4�percent 
per year in value terms, compared with 
6.8�percent for developed countries. In the 
period 1976�2018, the share of developing 
countries of trade in f ish and fish products 
increased from 38�percent of global export 

FIGURE 30 
TRADE OF FISH AND FISH PRODUCTS
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