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with almost all other major aerospace firms, participate
in national associations that work to the benefit of the

total aerospace industry? And doesn't this cooperation,
in the final analysis, benefit each individual company?
Do not Macy's and Gimbels support the same mercan-
tile associations working to improve that industry and
thereby enhance their individual profit pictures?

The fact is that in the twentieth century. most
industries cooperate within the framework of a trade
association to meet major common challenges and find
solutions to common problems.

You might be thinking, this guy doesn't really
understand renderers even after I 8 years. I don't accept
that. In fact, perhaps I understand renderers too well. I
know that it is more than possible that my message is
falling on deaf ears. I hope that is not the case because
the time is long past when renderers of all kinds � both
in the United States and worldwide � need collectively
to meet environmental challenges and solve the opera-
tional problems that sap profitability.

Let's look at the marketplace in the context of a
cooperative approach to marketing. It is obvious that
such an approach also would pave the way for all
segments to focus their attention on common technical
and operational problems, and at the same time, present
a more formidable front to regulatory agencies.

According to the latest statistics collected from a
variety of sources � some official, some industry, and
some the result of individual computation � the total
world production of animal, marine, and vegetable
protein meals for 1989-l990 should be a little over
124.5 million metric tons. That breaks down to 6.7

million metric tons of fish meal, 111 million metric tons

of vegetable protein meals, 750,000 metric tons of
feather meal, 1.6 million metric tons of poultry by-
product meal, 4.5 million metric tons of meat and bone
meal, and a relatively small amount of blood meal. It
does not reflect negligible amounts of the so-called
exotic meals � blood meal, bone meal, hoof and horn
meal, and hog hair meal.

Economists from the U.S. Department of Agricul-
ture estimate that major consumers are in Western
Europe and the United States and that consumption will
increase about 2% a year.

There is no question that the rest of the world needs
additional protein. World health and nutrition author-
ities talk in terms of dietary protein, but for us this
translates into more animal, marine, and poultry pro-
tein feed ingredients to support the production of more
poultry, beef, mutton, and seafood for domestic con-
sumption and export.

While there is a huge untapped market for our
products in the undeveloped nations, as well as in more
developed ones whose populations rapidly are outgrow-

ing their capability to produce sufficient food, large
investments in time, technology, know-how, and hard
cash are going to be required before this potential can be
realized. Here again is an area in which cooperative
efforts of all renderers is needed!

One trend, of which you are aware if you are
involved in the Alaska fish rendering industry, is the
development of a specialized product for a specialized
market. Of course, I refer to white fish meal, which is
prized by the Asian commercial eel industry.

There are many existing specialized markets and
many more waiting to be developed. For instance,
since bypass protein characteristics of feather meal, fish
meal, blood meal, and meat and bone meal have been
recognized scientifically and commercially as rations
for ruminants  cattle and sheep!, that market is on the
verge ol' growing sharply.

The aquaculture industry � commercial production
of seafood � is growing by leaps and bounds. It may
become the principal means for us to provide the ur-
gently needed dietary protein to the peoples of many
underdeveloped nations. Fish meal is favored by the
aquaculture industry.

Little of the poultry by-product meal gets out of the
poultry industry. More than 90% of it disappears right
back into poultry rations along with quantities of fish
meal and meat and bone meal.

There appears to be a multitude of other potential
markets, some that require additional development and
others that today only represent a good possibility for
rendered products. Each segment and each individual
plant of this industry has the opportunity to make a
choice:

1. Continue to fight one another for a larger share of
the same existing markets, or work together on an
international basis to tap the potential represented
by the underdeveloped nations.

2. Identify and develop new specialized markets that
can best benefit from unique nutritional character-
istics of your various products.

3. Through collective research and development, de-
termine where each product best fits, and tailor that
product for one or more of those special markets.

In so doing, develop a working interface between
the various segments of the rendering industry, nation-
ally and on a worldwide basis. Such an interface would
pave the way for cooperation between the industry
segments in seeking solutions to mutual technical prob-
lems and would organize the individual efforts of the
segments into a single, powerful entity to deal with
enviromnental activists and regulatory agcncics.

I am aware that what I suggest will not come easily.
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At the very least, old antagonisms will have to be
forgotten and, of course, there are organizational and
logistical hurdles to surmount. Yet, I feel this idea is

worthy of your consideration, and in the end it can only
result in great benefit to each and every segment of this
essential industry.
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INTRODUCTION

MARKETS

There are two categories of Alaskan fish meal. I
want to concentrate here on the white fish meal market,
because the Alaskan brown fish meal  primarily salmon
and herring! is not an export product. Brown fish meal
is used in the domestic market as animal feed, whereas
white fish meal is mostly sold to the growing Far
Eastern aquaculture industry.

White fish meal is made primarily from Alaska
pollock waste generated from surimi and filleting op-
erations, and to a lesser extent from Pacific cod pro-
cessing. The traditional white fish meal market has been
in Japan and Taiwan, where it gained a very good
reputation as a starter feed for young eels. The market
was originally developed by the Japanese in the mid-
1960s, when they established the standards for eel feed.
Recent advances in aquaculture in other Far East
countries such as Korea, Indonesia, and the Philippines,
have expanded the market for aquaculture feeds, but the
high-priced market for Alaskan white fish meal remains
small and very specialized. Now more white fish meal
is produced than can be consumed by the baby eels, so
Alaskan white fish meal must compete with other less
expensive fish meals in the general aquaculture market.
Accordingly, prices have fallen from the heady days of
three years ago.

The specifications of white fish meal in the Far
East are generally: minimum 65% crude protein,
maximum 20% ash, maximum 8 � 10% fat, and moisture
of 6 � 8%. The reason for the historically high prices paid
for white fish meal is that it is a very palatable product
for the eels � it's fresh, it has low fat, it binds well with
potato starch and other additives, and the eels eat it
easily.

The Alaskan white fish meal produced on factory
trawlers and in shore plants tends to have a high ash
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content, since it is produced from heads, frames, and
skin rather than from whole fish. The ash content must
be below 20% to get good prices, so most factory
trawlers and all of the shore plants are screening their
meal at the end of processing in order to take out enough
bone fraction to bring the ash content of the finished
meal below 20%.

Incidently, I recommend that the deboning be done
on a vibrating or rotary screen after the drying of the
meal, rather than using a mechanical deboner on the raw
material before the cooker.

When I was in graduate school years ago I had an
economics professor who said that despite all of the
intricacies of economic theory, if you understand
simple supply and demand, you really understand all
there is to economics. This is certainly true in the fish
meal industry.

The price of Alaskan white fish meal is dependent
on a number of factors. Only one of these factors,
supply, is under the control of Alaskan producers. Sup-
ply of Alaska white fish meal has increased greatly in
the last couple of years, and production capacity is still
increasing. However, the prices are affected dramati-
cally by seasonal production of high-quality brown
fish meal in Japan, and by production of South Ameri-
can white fish meal, particularly in southern Chile.

We are also affected to some extent by the general
worldwide brown fish meal prices. Alaskan fisheries
may have a billion pounds of protein, but when you
compare Alaskan fish meal production to the annual
production throughout the world, we are small players,
and we are subject to the swings of the global fish meal
commodity markets.

The demand for our fish meal is dependent upon the
size of the elver  baby eel! harvest in the Far East. If the
elvers are not caught in sufficient numbers in the
spring, the demand for white fish meal can be low for the
entire year. China is the major source of elvers, and is
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trying to develop its domestic eel culture, which is
good news. The flip side is that China has legally
banned exports of elv ers into Taiwan, the biggest present
user.

The market depends on shrimp production as well.
The price of white fish meal, which is used to an
increasing extent in shrimp culture, can be affected by
shrimp diseases. In 1988 and 1989 the cultured shrimp
industry in Taiwan and other Far East countries was hit
hard by disease, and at least in Taiwan the industry was
probably permanently damaged. Many shrimp farmers
there who have lost money will not be getting back into
the industry because of those disease problems.

Currency fluctuations, particularly between the
U.S. dollar and the Japanese yen, can make or break
deals with the Japanese. I have had orders canceled by
Japanese buyers because of quick drops in the value of
the yen.

Prices of white fish meal vary considerably
depending upon quality. Factory trawler meal histori-
cally has commanded a premium over shore plant pro-
duction, because the raw material is generally fresher.
However, even factory trawler product can vary by
$50 � $100 per ton between boats, depending on protein
and ash content, and on the grind of the meal. A big
factor in the market is consistent quality, and the boats
that consistently make a good product get better prices.

Many people in the Alaskan groundfish industry
had high hopes for fish meal prices when the first
factory trawlers hit the pollock. In 1988 the F/T Arctic
Storm and the F/T Norther n Eagle were the first two big
factory trawlers with meal plants, and they were getting
prices of over $900 per metric ton for their meal
during the last part of 1987 and the first couple of
months of 1988. Unfortunately, these prices led people
to believe that white fish meal has always enjoyed
such a premium. That's not the case, however. The
price peak of 1988 was in fact a fairly short spike,
corresponding with low South American meal produc-
tion and high feed commodity prices in general due to
the severe drought conditions in U.S. agriculture. Fac-
tory trawlers that entered the pollock fishery in 1989
were surprised to find out that they were not going to get
these high prices.

The fall in price was rapid, similar to the rapid rise
that led to the high prices in 1988. Three years ago the
price was lower than it is now, and I see prices dropping
further as the supply of Alaskan white fish meal in-
creases dramatically in 1990 and 1991, unless there are
measures taken to limit the harvest of the raw material.

Right now the factory trawler meal is going for a
little over $500 per metric ton, f.o.b. Dutch Harbor. I
expect this price will move downward somewhat over
the next few months. Much of the expected continuing

decline is due to the world supplies of fish meal. South
America is producing a lot of meal, and substantial
quantities of Chilean white fish meal are being
pumped into the Far East. Nearly 20,000 tons went into
Taiwan last month at a delivered price of under $500 per
metric ton. That corresponds to an equivalent price of
about $380 per metric ton f.o.b. Dutch Harbor for
Alaskan white fish meal. Alaskan meal may be of better
quality, but if buyers in the Orient can purchase Chilean
white fish meal for a lot less money, that drives down
the price of Alaskan meal.

One big disadvantage that Alaskan producers have
is that they really don't have the option of storing much
of' their meal when market conditions are poor, so they
tend to be more at the mercy of the spot market. They
can go into long-term supply contracts with buyers, but
they don't have the ability to stockpile the meal, as the
menhaden business does. When factory trawlers come
into Dutch Harbor, they have to unload the meal as
quickly as possible. The meal generally goes into 40-
foot containers, which the shipping lines want to move
out within a week. Fish meal buyers know that this meal
has to move. They also know that there are many new
factory trawlers coming into the industry. They know
there's going to be increased production. They know
that all of the suppliers are going to be fighting over the
relatively small white fish meal market. Prices are
going to come down � unless there are quotas estab-
lished to limit the pollock fishery. If the Alaskan
producers were able to form a cooperative to market
white fish meal in the Far East, they would take some
leverage away from the buyers. But it is unlikely that
such an approach will happen, given the history of
cooperatives in the fishing industry.

There is going to be drastically increased capacity
for fish meal production in Alaska by next year. In 1991
we' ll have seven or eight shore plants and at least 16
factory trawlers producing fish meal. Four shore plants
are being installed in the Dutch Harbor area with a
combined capacity of about 2,000 tons a day of raw
material. Three of these plants will be producing LT
 low-temperature! white fish meal, with higher digest-
ibility than standard steam-dried fish meal. The
owners are hoping that LT meal will be the premium
product for the Far East aquaculture market. If that
happens, and it really depends on the freshness of the
raw material at these plants, it is likely that factory
trawler meal will be relegated to a lower price level
just the opposite of what's happening now.

One problem with LT meal is that it is a new meal
in the Far East market. The buyers are not familiar
with it, and it doesn't smell or look like the steam-dried
meal with which they are fatniliar. They' re not going to
pay premium prices for LT meal until they have had a
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chance to use it in their feed formulations, and see what
happens to growth rates of eels over time. It may take
at least two years for LT meal to reach the top of the
market in the Far East.

The United States is not a market for white fish
meal right now, and probably will not be a market factor
for the foreseeable future. U.S. buyers are simply not
willing to pay the higher prices that are offered from the
Far East. Also, most of the Alaskan meal is packed in
35-kg bags, and domestic U.S. users are geared to bulk
processing. Handling bags is too costly and time-
consuming. The bags are essential for the Far East
market where the feed mills are small, the end-users are
typically small, and distribution of bagged meal is
easier.

Traditionally, Taiwan has been the big market for
white fish meal, with an annual consumption of
75,000 � 100,000 tons. This compares with total fish
meal imports of about 400,000 tons per year. Some of
this product is re-exported from Taiwan as feed to other
countries in Southeast Asia. I estimate that the produc-
tion of Alaskan white fish meal in 1991 will be about
75,000 tons, assuming unlimited fishing. We would be
in a stronger marketing position if Taiwan bought
white fish meal exclusively from Alaska, but unfortu-
nately they don' t. Consequently, we have to find other
places to sell this meal. It also appears that the domes-
tic market demand in Taiwan for white fish meal will
be dropping, since eel and shrimp farming are on the
decline due to lack of elvers, diseases, pollution, rising
land values, and higher labor costs. However, the Tai-
wanese industry is involved in a growing number of
joint-venture aquaculture projects in nearby countries,
and will likely be a major source of feed for these
ventures, so I expect that Taiwan will continue to be a
dominant market for fish meal.

Japan is a market, but is not a big importer of white
fish meal. They produce much of their own high-quality
brown fish meal, and import most of their Alaskan
white fish meal from the Japanese-owned shore plants
in Dutch Harbor.

Taiwan and China are by far the two biggest im-
porters of fish meal. People are looking to China as
the biggest future market for white fish meal, since
China is trying hard to develop both its cultured eel
and shrimp industries. Unfortunately, doing business
with China is fraught with difficulties, securing pay-
ment being the foremost problem. In general, the Chi-
nese are also not willing at this stage to pay the kind of
prices that can be obtained elsewhere. They typically
want white fish meal for brown fish meal prices. With
increased supplies of white fish meal in the future, it is
likely that the price differential is going to be smaller
and smaller.

Other growing markets include Indonesia and the
Philippines, which are expanding shrimp production
aggressively, and Korea, which is also trying to develop
its aquaculture industry. Thailand is a large shrimp
producer, and is beginning to allow imports of fish meal.
One of the most interesting future markets is Vietnam,
which is ideally suited for shrimp culture. A number of
joint ventures are under way or being planned in that
country.

CONCLUSIONS

Fish Meal

We are going to have to sell Alaskan white fish meal
to expanding markets. There are essentially three tiers
to the market in the Far East: the eel market, which pays
the highest prices; the shrimp market; and the low
market for poultry feed, duck feed, and other animal
feeds. In the past, the Alaskan white fish meal has been
on the upper tier, despite problems with product con-
sistency, but because of increased production we' re
now seeing it move down to the shrimp market as well.
There is a price drop into that second tier, and it's likely
to remain that way.

Only the consistently top quality white fish meal
will be in the eel feed market at high prices, but factory
trawlers have had problems maintaining consistently
good quality. Shore plants have a bit of an advantage
over factory trawlers in this regard, as they tend to
have more resources to control quality.

The differential between white fish meal and
brown fish meal prices will continue to decrease, so be
prepared for lower prices over the next year or two. If
you could contract to sell your meal for $500 a ton for
the next year, I would advise you to do it.

Of course, the world fish meal supply could change
rather quickly. Japan may limit fish meal production
from its sardine fishery, which may benefit Alaska.
Closures or fishermen's strikes in South America can
alter pricing substantially. In 1989, prices went down,
then came up a bit, and then continued going down.
The brief rise was in large part due to the fishermen's
strike in Peru. The strike did not have much of an effect
on supplies of fish meal, but it had a big effect on buyers
in the Far East who thought that supplies might be
tighter, and therefore were willing to pay a little more for
Alaskan product.

The biggest issue that directly faces Alaskan pro-
ducers is the large production capacity, a capacity
which will soon outstrip the ability of the resource to
sustain it. A forced reduction of fishing effort on Alaska
pollock will result in fish meal supplies that are less than
anticipated, and prices may then firm upward.
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Although bone meal is not a high value product,
there is a market for it. The price varies from $100 to
$200 a ton out of Alaska. All of the shore plants are
making bone meal, but factory trawlers don't keep it.
Trawlers that separate bones out just blow them over-
board, because they don't have the space to store bone
meal.

The two words that best describe the fish oil situ-

ation in Alaska are: Burn It. Because of the logistics
and expense involved in storing and shipping fish oil,
and the low fish oil prices, you simply cannot make
money manufacturing and transporting fish oil out of
Alaska right now. To give you an example, last fall I
purchased about 30,000 gallons of pollock oil. I paid
$0.025 a pound for it, f.o.b. Dutch Harbor, and it was
done basically on a nonprofit basis � I did it as a favor
to help the supplier move the oil out. The oil probably
cost the supplier about $0.025 a pound to make.

You are much better off substituting fish oil for
diesel fuel in the meal plant, which most producers are
doing on shore. If that's not possible, try burning it in
a boiler elsewhere in your plant. It's definitely worth-
while using fish oil as fuel, as it has about 80% of the
BTU value of diesel. I see no indication in the near

future that the fish oil situation will change.

Fish solubles are a big problem in Alaska, largely
because of high salt content. The shore plants have
evaporators which can concentrate the stickwater, and
this concentrate can be added back to the presscake in
the dryer to make whole meal. However, because of the
high salt content in the concentrate, the meal ends up
with a salt level well above the maximum 3% allowed

in most market specifications. Pollock picks up salt
because it is normally stored in refrigerated seawater
in the boats or on shore before processing, and is often
carried through the surimi plants or filleting plants
with seawater. In order to lower the salt content,

many processing plants are now trying to use fresh water
in their flume transport systems. Dry conveying is also
a good alternative.

The shore plants are therefore stuck in a dilemma:
If they add all the concentrate back to the meal, they
end up with a low-quality meal that is difficult to sell;
if they simply make presscake meal and make solubles
out of the concentrate, they cannot sell the solubles.
Even if the solubles had an acceptable level of salt, the

cost of storing and shipping out of Dutch Harbor makes
it uneconomical. We have grappled with the solubles
problem for a year with three of the shore plants, but
there are no easy solutions right now, and the shore
plants are discharging most of their stickwater.

Factory trawlers cannot make concentrate or
solubles, because they have no evaporators or storage
space. Factory trawlers' will continue to make press-
cake meal.

QUESTIONS AND ANSWERS

Q. Has anyone done feeding trials to establish the
increased quality of LT meals?

A. Studies have been done with salmon, which indi-

cate high growth rates. And in Norway the LT meal
sells for substantially higher than regular steam-
dried fish meal because of it. But to my knowledge
there were no studies on elvers for the Far East

aquaculture market. I know of at least one supplier
in Alaska who is going to be involved in this over
the next couple of years.

Q. What's the protein content of the white fish meal?

A. One figure presented at this symposium is 57%.
My experience has been that 57% is a little bit too
low. More normal figures are 60% to 62%, from
frames. The factory trawlers that don't screen their
meal end up with 60% to 62%. But the premium
market requires 65%. You have to screen it to get
it up to about 65%.

Q. Shrimp culture, particularly in Asia as well as
elsewhere in the world, is becoming more and
more competitive, and they' re trying to reduce the
price of their feeds. The big emphasis on these
shrimp feeds worldwide is to reduce the depen-
dency on fish meal. So I would not look upon
shrimp aquaculture as a panacea for fish meal
marketing. You' re going to have economic con-
straints as they cut down on prices of the shrimp
feeds, which comprise about 50% of the cost of
the operation.

A. I agree with you. We' re never going to see $1,000
a ton again for fish meal, and I expect prices to keep
coming down. Even if the aquaculture market
grows, I don't think Alaskan white fish meal is
going to increase in value.

Q. Do you have a maximum on the amount of oil?

A. For eel feed, they don't want a fat content above
8%, because it imparts a fishy flavor to the eel.

Q. Isn't the fishy flavor a function of the quality of the
oil rather than the oil per se?
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Q

Yes.A.

A.

A.

A. Yes. And that gets back to why white fish meal is
actually in demand for eel feed. There are many
questions as to why it gets a better price. In the Far
East the farmers want white fish meal. The Japa-
nese have done a good job over the years of con-
vincing them that's the right product.

Q. In the production of the eel food itself, isn't it true
you add oil back to it? I saw them making it back
there, and they actually were adding oil back to the
diet. That's the reason I asked why they have a
minimum in the fish meal. I suspect it's really the
quality of the oil that makes the difference. They
add at least 5% cod liver oil to the mixtures.

A. Yes, that's true. Eel feed is generally about 70%
fish meal, 10% to 20% potato starch, plus vitamins,
some gluten meal, and other additives such as beer
yeast.

I would like to clarify something about the protein
level. On the factory trawlers, they use the waste
from the filleting and surimi operations. They also
add some whole fish. When a lot of small fish come
in, and they can't handle them on the filleting
machines, they send them right to the meal plant.
So the 60% to 62% protein level probably includes
some whole fish.

You spoke to the lower quality of meal coming off
the trawlers versus the onshore plants.

The reverse is true. In general the quality on the
factory trawlers is better than onshore. LT meal
production is mostly onshore, and that LT produc-

tion is probably better quality than factory trawler
production. There is generally about $100 differen-
tial between shore plant production and factory
trawler production right now. Factory trawlers get
a higher price. But there is at least one shore plant
that gets very high prices because of the quality it
produces.

By low temperature rendering do you mean low
temperature drying?

You haven't mentioned opportunities in Ecuador
regarding the shrimp culture. Is there any possibil-
ity to sell there?

I don't know. My experience is not in selling to
South America. But I would think that the South
Americans would handle that pretty well them-
selves. Is there an opportunity in Ecuador for
Alaskan fish meal?

In reference to the shrimp aquaculture, which has
been growing very rapidly: Where do they get
their supplies of white fish meal? Is it coming
from Uruguay or Argentina?

It's probably coming from Chile. I don't think the
South American shrimp farms use much white fish
meal.

What do they make white fish meal out of in South
America' ?

It's a type of whiting from southern Chile. They' ve
been increasing their production of it.
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ABSTRACT

INTRODUCTION

Factors that influence U.S. fish meal demand are
examined in this paper. Demand for fish meal is price
inelastic, as it is for other protein meals. However, the
demand elasticity with respect to fish meal prices is a
relatively high -0.7, meaning that a 10% increase  de-
crease! in fish meal prices will lead to a nearly 7%
decline  rise! in domestic fish meal use. Therefore,
movements in fish meal and other prices may affect
domestic use of fish meal more than they do for compet-

ing protein sources.

Factors that influence U.S. fish meal demand are
examined in this paper. These factors are ranked by
making statistical estimates of economic forces that
influence the use of fish meal. Specific objectives are:
�! isolate components of U.S. demand for fish meal in
a linear regression model, �! estimate model param-
eters, �! examine results for consistency with a priori
expectations, and �! discuss economic implications of
the estimated model and its usefulness for evaluating
policy questions.

Fish meal demand is affected by prices and quanti-
ties of meal and other feeds, livestock markets, and
other economic factors. Explanatory variables used in
this paper to estimate fish meal demand include prices
of fish meal and competing protein meal, prices of
corn gluten feed and meal  CGFM!, meat prices, and
total use of animal protein for livestock and poultry
feed. Empirical estimates of explanatory variables for
fish meal demand are useful to oil and meal processors
and producers, livestock producers, commodity traders,
and government agencies.
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PROTEIN MEAL MARKETS

Soybean meal dominates domestic protein meal
markets. Soybean meal captures more than 90% of the
oilseed meal market, and constitutes about three-quarters
of all protein feeds. U.S. soybean meal use has risen
steadily since 1960-1961  Figure 1!. Much of the
decline in U.S. fish meal use is attributable to widely
available and lower priced soybean meal.

Fish meal use for feed in the United States has
declined substantially since its peak in the 1960s, and
its share has been cut to less than half the level» attained
20 years ago  Figure 2!. Poultry and livestock feed
account for 95% to 99% of total protein meal use in the
United States and other developed countries. World
demand for protein meal has increased sharply during
the same period, and has been met mostly by lower-
priced oilseed meals. Lower supplies of fish meal
appear to have contributed to the decline in its use.

Virtually all fish meal used in the United States is
for animal feed. Fish meal has amino ac18s that are
impor-tant for meeting certain nutritional requirejiients
in livestock and poultry rations. Most of these amino
acid requirements can be met with other feeds or with
synthetic amino acids. Therefore, it is important for fish
meal to be priced competitively if it is to effectively
compete with other protein sources on a protein content
basis.

Demand for dominant protein meals, such as soy-
bean meal and cottonseed meal, is highly price inelas-
tic. This means movements in prices of those meals
cause less-than-proportional changes in meal use in the
opposite direction; i.e., a 10% increase in the price of
soybean meal will result in only a 2% to 6% decrease in
use  Houck and Mann 1969, Hull et al. 1984, Meyers
and Hacklander 1979, Vandenborre 1966!.

An objective of this paper is to compare the demand
for fish meal with respect to prices for fish meal and
other protein meals. Fish meal demand also is expected
to be price inelastic with respect to fish meal price, but
considerably less so than for other protein feeds. This is
because prices of fish meal per unit of protein are higher
than those for other protein meals. As a result, fish meal
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Figure l. U.S. soybean meal use.

use should be affected more by swings in supply and
demand of protein feeds than are other protein feeds.

Corn gluten feed and meal use for livestock feed-
ing was relatively constant during the 1980s, except
for a large increase in 1984-1985. Most U.S. CGFM was
exported during the 1980s, and rising exports have
roughly matched the increased production of CGFM,
limiting the amount of CGFM competing for U.S. pro-
tein feed market share. The amount of corn that is dry
milled to produce ethanol depends on corn prices, tax
and regulatory provisions for ethanol and ethanol
products, and competition from petroleum and other
products, such as methyl alcohol. Prices and use of
other protein feeds will be reduced if CGFM production
and domestic use grow.

ECONOMIC MODEL OF DEMAND

Domestic fish meal demand is estimated as a func-

tion of fish meal prices, major oilseed meal prices, meat
prices, CGFM prices, and total animal protein use. Fish
meal demand is inversely related to fish meal price,
while higher prices for competing oilseed meals posi-
tively affect fish meal demand. A positive relationship

exists between meat prices and the use of fish meal.
Stronger demand for other animal protein feeds also
should exert a positive effect on fish meal demand.

CGFM and other feeds serve as substitutes for

protein meal, but the effect of CGFM prices on fish
meal demand is indeterminate. Because CGFM is a

substitute for fish meal, the cross price elasticity of
demand with respect to CGFM could be expected to be
positive. However, CGFM is a residual product that is
basically "disposed" of at prevailing protein meal
prices, so higher prices for CGFM also could indicate
higher prevailing prices for fish meal and other protein
meals, resulting in less use of fish meal and other
higher-priced protein meals in favor of lower-priced
protein feeds such as CGFM.

The economic model estimated is:

QFMEAL = C - PFMEAL+ POMEAL+ PMEAT
+ PGLUTEN + ANPROT + e

QFMEAL = U.S. use of fish meal  thousands of
short tons, 60% protein!.
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Figure 2. U.S. fish meal use and imports.

C= constant term.

PFMEAL = price of fish meal �0% protein! per
ton, deflated to 1982 dollars.

POMEAL = price of oilseed meal per ton, either
soybean meal price  PSMEAL! or a
weighted average price of the five
major oilseed meals  PMMEAL!
converted to soybean-meal equiva-
lent �4% protein! prices, weighted
by domestic use. Meals include soy-
bean, cottonseed, sunflower seed, lin-
seed, and peanut, deflated to 1982
dollars.

PMEAT = a weighted average of broiler and hog
market  farm! prices per hundred-
weight, deflated to 1982 dollars.

PGLUTEN = price of corn gluten feed and meal
�1% protein! per ton, deflated to 1982
dollars.

ANPROT = U.S. use of animal protein  thousands
of tons! fed to livestock and poultry,
which primarily includes tankage and
meat meal, as well as fish meal and

dried milk.
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Annual data are used for the period 1961-1988.
The linear model was estimated with a log-log formu-
lation using ordinary least squares. Because equations
are estimated in natural logarithms, coefficient esti-
mates in Table I are short-run elasticity estimates.

The R' in equations I and 2 are about 0.88 and t-
statistics indicate that all coefficients are significant at
the 1% level  Table I!. The estimated fish meal demand
elasticity with respect to own price is -0.68 in equation
1  using PMMEAL! and -0.70 in equation 2  using
PSMEAL!, meaning a 10% increase  decline! in fish
meal prices is expected to result in about a 7% decline
 increase! in use. A strong cross price effect is exerted
by prices of oilseed meals  POMEAL!; the cross price
elasticities of 0.79  PSMEAL! and 0.82  PMMEAL!
exceed the own-price elasticity estimates. In other
words, estimated coefficients indicate fish meal use
increases  decreases! slightly more in response to higher
prices for oilseed meal than to a decrease  increase! in
fish meal prices.
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Table 1. Elasticity estimates of U.S. fish meal demand for livestock and poultry feed, 1961-88.

Elasticity of fish meal demand with respect to:
Eqn. no. Constant PFMEAL POMEAL PMEAT PGLUTEN ANPROT

Price of all

oilseed meals'

Price of

soybean meal'

1.299*-3.243 -0.678* 0.816* 0.453* -0.728*

1.285*-0.703*2 -3.078 -0.695* 0.794* 0.481*

'R' = 0.879 Adj. R-' = 0.859 Durbin-Watson statistic = 1.98.
'R' = 0.873 Adj. R' = 0.853 Durbin-Watson statistic = 2.02.
Notes: * denotes significance at 1% level.

Adj. R' is the coefficient of determination adjusted for degrees of freedom.
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CHITIN AND CHITOSAN: CRUSTACEAN
BIOPOLYMERS WITH POTENTIAL
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ABSTRACT

INTRODUCTION

Industrial Applications of Chitosan

Waste Water Treatment

Chitin and chitosan extracted from the shells of

crustaceans have been tested successfully in several
applications. Utilization in industrial, cosmetic, medi-
cal, and food related areas could require thousands of
tons of the products annually.

However, after 20 years of availability from in-
dustrial production, the market for chitin and chitosan is
still very limited. Hurdles in the commercialization of
chitin and chitosan are discussed with regard to supply,
lack of application know-how, regulatory requirements,
and patents.

The history of chitin and chitosan goes back to the
last century, when Bradconnot first described chitin in
1811, and Rouget discussed the deacetylated form of
chitosan in 1859.

From 1950 to the present, a substantial amount of
work has been published on these biopolymers and their
potential use in various applications. As R.A.A.
Muzzarelli showed in his 1977 book titled Chitin

 Pergamon Press!, the number of papers published on
chitin and chitosan rose from 15 in 1950, to 126 in 1975.

Shells of crustaceans have been the primary raw
material for industrial manufacturing, which started in
Japan in 1970. Today, Japan i» still the world's leading
producer and user of chitin and chitosan. However, as

Authors' addresses: g. Skaugrud, Protan A/S, P.O. Box 420,
N-3002 Drammeu, Norway; G. Sargcnt, Proum Inc., 1725
Ocean Ave. N.E., Raymond, WA 98577.
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a result of intensive development work by companies
outside Japan, chitosan-based products are now on the
market both in North America and Europe. The only
current manufacturer of industrial quantities of chitin
and chitosan outside Japan is Protan Inc., Washington,
USA.

POTENTIAL APPLICATIONS FOR CHITIN

AND CHITOSAN

The plentiful works reporting on chitin and chitosan
show an enormous potential for these natural polymers.
Their physical, chemical, and biological properties
could be used in industry and in sophisticated medical
and biotechnological applications where uTtra-pure, well
characterized grades are required.

It is not the purpose of this presentation to review all
potentials for chitin and chitosan, rather it is to empha-
size the uniqueness and advantages in some applications
that alone will justify the industrial production of the
products.

The polyelectrolytic character of chitosan allows it
to be use as a cationic flocculant in waste water treatment

 Table 1!. With a high degree of deacetylation, the
polymer has a relatively high charge density, reacting
efficiently with negatively charged waste. In reactions
with fat and oil, more hydrophobic properties are re-
quired. This can easily be obtained through controlled
deacetylation.

The chelating properties are useful in removal and
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Table 1. High and low volume applications of chitosan for industry, cosmetics, and medicine.

Price  $U.S.!Potential

$5 � 10/lb

$5/lb

$10 � 20/lb

$5 � 10/lb

$10 � 20/lb

$20-1,000/lb

$20-1,000/lb

high

Paper Strengthening

Animal Feed

Cosmetics

Agriculture

Feed and Food Applications

Processing Atd

Waste water treatment

Paper strengthening
Violin varnish

Hair and skin care

Toiletries

Nail Polish

Cholesterol reducing effect
Wound treatment

Drug delivery systems
Bioengineering material

recovery of toxic and valuable metals respectively, and
chitosan can either be applied as a flocculant or as a
resin.

During the wet phase of paper production, the
addition of small amounts of chitosan can give improved
strength to the paper. The best results are achieved with
high charge density on the chitosan. Price seems to be
a limiting factor at the moment.

The cosmetic industry has for a long time been
involved in development of hair and skin care products
containing chitin, chitosan, and their derivatives. Be-
sides being natural products, chitin and chitosan have
functional properties of great benefit. Protective films
made of chitosan reacted with proteins provide moisture-
retention capacity.

In toiletries, chitosan has been found useful as a
viscosifier in low pH products. Although the prices of
toiletry products are generally lower than those of cos-
metics, the potential volume makes such an application
worth considering  Table 1!.

The introduction of a new product for applications
involving direct or indirect consumption by humans
requires substantial documentation regarding the safety
and quality control of the grades to be used.

Chitin and chito san have already been part of human
diets. For ages, people have ingested the chitin and
chitosan contained in shellfish  as in soft crab!, mush-
rooms, cheeses, and brewers yeast. Despite this fact,
Japan is the only country to approve the use of chitin and

>1,000 tons

>1,000 tons

�00 lb

>100 tons

>100 tons

low

>1,000 tons

>100 tons

>100 tons

low

chitosan as food additives. Indirect use in animal feed,
agriculture, and as a processing aid is, however, ap-
proved in several countries. Table 2 lists some interest-
ing uses for chitin and chitosan in feed and food-related
applications.

Chitosan has both environmental and nutritional
benefits when used as a flocculant to recover proteins
generated in the food processing industry. The biological
oxygen demand  BOD! in the waste water effluent can
easily be controlled and kept at satisfactory levels, and
the disposal of the proteinaceous sludge is easier when
a nontoxic flocculant is used.

In raising livestock, problems with digestibility of
the feed are often solved by adding antibiotics. Chitin
has proven to have prophylactic effects by stimulating
enzyme production in the stomach. This could be of
great importance in chicken and salmon farming.

The same enzyme-triggering effect described for
animal feed is believed to play a key role in the agricul-
tural uses of chitosan. Improved protection of seeds and
roots can be realized through the plant's own defense
system when the seeds are coated with chitosan. This
represents a large potential use of chitosan not only for
grains and vegetables, but also in horticulture and for-
estry applications.

As in industrial applications chitosan can be used as
a flocculating and filtering agent in food processing. As
a natural, nontoxic processing aid, concerns about carry
over into the final food products should be minimal.
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Table 2. Examples of feed and food related applica-
tions of chitosan.

Protein recovery
Fish feed

Chicken feed

Animal feed

Seed coating
Fruit and vegetables
Horticulture

Forestry

Agriculture

Processing aid Juice clarification

Wine clarification

Potable water

Food additive Thickener

Stabilizer

WOF

Potential for use: 	,000 tons; price: $5 � $20/lb.
WOF = warmed over flavor.

Food Additives

Compared with other hydrocolloids, chitosan has
some unique properties in acting as a viscosifier at low
pH, and in reacting with negatively charged ingredients
like proteins. Such capabilities open up many applica-
tion possibilities in the food industry. A very promising
use is in reducing bad flavor in precooked meat  warmed
over flavor, WOF!. Because it can chelate iron that
would otherwise catalyze reactions producing bad fla-
vor components, chitosan has a great potential use in
precooked meat.

Medical Applications

Cholesterol Reducing Effect

It is estimated that as much as 60% of the adult

population in the United States and Western Europe
should lower their cholesterol levels for medical rea-

sons. Of this group one-third can significantly reduce
cholesterol levels by adjusting their diet. Another third
has high cholesterol levels because of a genetic bio-
chemical disorder in their cholesterol metabolism, and

treatment with ordinary hypocholesterolemic agents is
not effective.

The remaining third is the target group for a chito-
san hypocholesterolemic treatment. They are people
who are aware of their cholesterol problems, yet have
not been able to successfully control the level by adjusting
their diet. If all individuals in this group were under
chitosan hypocholesterolemic treatment, approx-
imately 200 � 300 tons of chitosan a day would be

needed in the United States alone, based on a dose of
an estimated 5-10 grams per person per day.

However, only some of the group will ever be under
hypocholesterolemic treatment. Furthermore, there are
other well established hypocholesterolemic agents like
cholestyramine and colestipol. Unlike these agents,
chitosan can be used in a soluble form. Cholestyramine
and similar prescription drugs can typically cause side
effects such as constipation, flatulence, nausea, heart-
burn, irritation of intestinal mucosa, and a certain risk
for tumor growth as observed in animal studies. Chito-
san, in addition to binding a wider spectrum of lipids, is
devoid of such adverse effects.

The primary binding of lipids with chitosan occurs
through ionic bonds between the positively charged
amino groups of chitosan and the negatively charged
carboxylic groups of free fatty acids and bile acids. The
secondary binding can be of hydrophobic nature, and
it includes neutral lipids such as triglycerides, choles-
terol, and other dietary sterols. The latest studies indi-
cate that the whole lipid micelles are subsequently
entrapped totally during the precipitation of chitosan
in the small intestine  pH approx. 6.5!. No other hydro-
colloids precipitate at this pH.

The final formulation and administration of a

chitosan hypocholesterolemic product would deter-
mine whether it would be a prescription drug or an
over-the-counter product. The market for the latter
category would be considerably larger than for the
former.

People who pay attention to the health aspects of
their diet certainly will appreciate chitosan for several
reasons. In addition to being a nontoxic, biocompatible,
and biodegradable natural polymer, its dietary fiber
properties create a "negative" caloric value due to its
hypolipidemic ability. As much as 5 � 10 grams of fat
can be excreted in addition to normal fat excretion ��

5 grams per day!.

Wound Treatment

Chitosan has some interesting applications not denly
in wound healing, but also as a hemostatic agent. Ar-
tificial skin and wound dressings made of chitosan
already exist as commercial products.

For topical applications, regular pharmaceutical
grades of chitosan are normally acceptable, while inter-
nal use requires special grades � extremely pure and
with a high degree of chemical and physical character-
ization. The technology applied to develop and manu-
facture wound treatment products is often sophisticated.
Even though the volumes may never reach really high
levels, the potential for such products from chitosan is
very promising  Table I!.
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Table 3. Pink shrimp landings in millions of pounds.

Alaska British Columbia Washington

Source: l990 Pacific Fishing Yearbook.

The use of chitosan in drug delivery system» would
be as a vehicle for the active principle. In such formu-
lations the goal is to ensure optimum bioavailability
of the drug through sustained, controlled, or targeted
release.

Sustained release systems are characterized by re-
tarded release of the drug over a 24-hour period. The
simplest way of applying chitosan is as a matrix in
tablets, where a coating can be achieved by solubilizing
the chitosan through a wet granulation process. In the
acid stomach environment, the chitosan coating dis-
solves and the matrix erodes to give the expected sus-
tained release.

Controlled release systems are capable of regulat-
ing the release of the active component for an extended
period of time  e.g. days!. Utilization of the bioadhesive
properties of chitosan in binding the product to mucosas
is one proposed concept for controlled release. A more
sophisticated method would be to immobilize living
cells in beads for implantation as artificial "organs."
Use of chitosan as a coating agent for the beads has been
investigated by several laboratories.

By controlling the site of release and adsorption of
a drug, undesired side effects can be avoided. Drugs can
easily be linked with the reactive groups in the chitosan
molecule, and the release controlled by later enzymatic
activity or changes in the chemical environment.

Technology Applications � Derivatives

The main objective in making derivatives of chitin
and chitosan is to overcome the problem of limited
solubility while retaining the unique properties of the
polymers. In some cases improved functionality has

been obtained, and making derivatives with active in-
gredients can give added benefit to the product.

Cross linking chitosan with multivalent anions will
form a network structure able to hold large amounts of
water. Low molecular weight counter-ions like phos-
phates as well as polymers like alginate have been
shown to work successfully. Gels in the form of beads
are currently used as matrixes for immobilization and as
erodible sustained release vehicles.

In principle, films and fibers can be considered as
thin gels with extremely low water content. In addition
to cross linking, chelation with metals, precipitation at
basic pH, and evaporation of the water from pure
chitosan solutions are methods used in film and fiber

manufacturing.

HURDLES IN COMMERCIALIZING

CHITIN AND CHITOSAN

The total available quantity of chitin from today' s
landing of crustaceans is estimated at approximately
40,000 tons yearly. This quantity exceeds the amounts
of other marine hydrocolloids currently consumed, like
alginate �5,000 tons!, carrageenan �2,000 tons!, and
agar �,000 tons!. In addition, another 100,000 tons of
chitin could be extracted from other easily available
sources. However, even with the seemingly large
amount of material available, reliable supply seems

to be a concern among many large potential users.
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Table 4. Dungeness crab landings in millions of pounds.

The yearly and regional variations in catching and
landing of shellfish represent an uncertainty in raw
material supply, if this supply is not covered by suffi-
cient and independent suppliers. Tables 3 and 4 give
numbers for the landing of pink shrimp and Dungeness
crab by region for the Pacific Coast of the United States
and Canada over the last decade. For both species,
important variations are found in landings over time and
between regions. The most dramatic change is seen for
pink shrimp � the landings in Alaska in 1980 counted
for more than a half the total, but a decade later landings
were down to less than 2%.

The functional properties of chitin and chitosan are
influenced by the raw material used to produce them.
Not only can different species cause variations in these
properties, but also the same species caught at different
times of the year.

Since chitin chemically is characterized as a ho-
mopolymeric material, the variations in properties are
most likely attributed to either residual non-chitinous
material interacting with the chitin or chitosan, or physical
differences such as particle structure. To be successful
in getting rid of non-chitinous material and manufac-
turing reproducible qualities, it is essential to have
expertise in adjusting processing conditions when using
different kinds of raw materials.

While the main concern in producing chitin is to
remove proteins, minerals, and other minor ingredients
contained in the shell to obtain the purest possible
product, successful production of chitosan relies on a
controllable deacetylation and depolymerization pro-
cess  Figure I!. Almost all functional properties of
chitosan are either a function of chain length or charge
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density and charge distribution. The structures of chitin
and chitosan are shown in Figure 2.

The last quality aspect to be addressed is purity. In
addition to the aforementioned influence that impurities
have on functional properties, regulatory agencies will
be concerned about contamination from toxic elements
and compounds in the raw material. The exclusion of
such components will have to be confirmed in order to
satisfy standards set by regulatory agencies.

Most feasibility studies on chitin extraction from
crustacean waste include extraction of other components
like astaxanthin, flavors, proteins, and minerals. Since
a combined production is rarely realized, production
cost easily exceeds those forecasted. Quality aspects
and regulatory requirements also add cost to the manu-
facture of chitin and chitosan and limit applications,
markets, and profit.

Sales and market development for a new product
normally requires more than just a capability to pro-
duce. Even customers with expertise in their own fields
of applications will need technical and product support
to successfully include chitosan in their formulations
and applications.

Simple information like the difference in solubility
of chitosan in various acids can help avoid problems
with compatibility in formulations. Viscosity differ-
ences indicate differences in chitosan solubility in 1%
solutions of acetic, adipic, and citric acids, as shown in
Table 5.

Solubility differences are even more pronounced in
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Figure 1. Chitin and t.hitosan processes.
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Figure 2. Chemical structure of chitin and chitosan.

the mineral acids. With mineral acids, chitosan
solubility is further limited because of high ionic
strength, as seen for hydrochloric acid in Figure 3.

Figure 4 shows the relation between viscosity and
concentrations of strong electrolytes. The decrease in
viscosity as the salt concentration increases is due to a
change in the molecular conformation of chitosan, from
an extended rod through a random coil to a completely
collapsed  salted out! structure.

Requirements related to utilization and those deal-
ing with manufacturing of chitin and chitosan need to be
considered.

Use of shells from crustaceans as raw material in

production of value-added biopolymers is a positive
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way of handling a waste that otherwise creates environ-
mental problems for the shellfish processing industry.
However, restrictions by regulatory agencies, such as
the U.S. Environmental Protection Agency, on the dis-
posal of the proteinaceous material remaining after
chitin extraction can cost-wise limit such production.
Even though the BOD load to the environment will not
be increased, and the location of a chitin production
facility will most likely be in the same area as the
shellfish processors, more strict requirements often
apply to a newly established industry.

Introduction of new products will require filing of
a pre-manufacturing notice  PMN!, and a material safety
data sheet  MSDS! will have to follow all products to
assure safe handling. Preparation of necessary docu-
mentation will require investigations of environmental
as well as technical aspects, such as measurements of
heavy metal levels and determination of flammability.
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Table 5. Chitosan viscosity and pH in acid solutions.

10%  w/w! acid5%  w/w! acid
Viscosity

pH  mPa! s!

1%  w/w! acid
Viscosity
 mPa! s!

Viscosity
 mPa! s! pHpH

260 2.9260

18S

270

1.7

2.1
2.0

2.7
185

23S

2.1205 220

160

215

100

135

195

100

2.0

2.3

1.1

1.7

2.0

0.8

*weight of acid as 100%.

Table 6. Papers published on chitin and chitosan
1988-1990.

Application
related Others Total

Japan
Total

Patents

402

255
145

62
257

193

USA and

Western Europe
Total 107

Patents 44

Patents
119

9

226

53

Others

Total

Patents

122

13
44

4
76

9

Use Approval

The safety and toxicological documentation re-
quired will increase as human consumption is realized.
Studies involving exposure times and quantities, as well
as internal and external use, will be important.

Acetic acid*

Propionic acid*
Formic acid*

Lactic acid*

Pyruvic acid
Malonic acid

Adipic acid
Malic acid

Succinic acid

Tartaric acid

Citric acid

Oxalic acid
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While necessary investigations to cover environ-
mental and handling safety should require investments
less than $100,000, toxicology documentation for medi-
cal, pharmaceutical, and food approval will probably be
in the range of $1 to $10 million. Manufacture of food
and pharmaceutical grade products will mean that the
production facilities will have to operate according to
good manufacturing practice  GMP! requirements, and
this will have an impact on the production costs.

The wide interest in chitin and chitosan has resulted
in a large number of patents from both academia and
industry. From a general literature search for the years
1988 and 1989, a total of 7SO publications were found.
More than 40% were patent applications �21!  Table
6!. If the application-related papers are considered
alone, patent applications count for close to 60%.

The number of patents is particularly high in mar-
kets where the polymers have the longest traditions.
This could mean a hurdle in further development of
applications and markets, and could also limit the inter-
est among new companies to start manufacture of chitin
and chitosan. These companies may perceive a problem
with commercializing their own development work due
to potential infringement of some of these many
patents.
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Table 1. 1989 Icelandic catches.INTRODUCTION

Metric tons  x 1,000!Species

336

55

74

85

56

88

23

658

55

Cod

Haddock

Pollock

Ocean perch
Greenland halibut

Herring
Shrimp
Capelin
Other species

1,430Total

THE PAST

Iceland is a sparsely populated volcanic island on
the middle of the Atlantic ridge. The country enjoys
very rich fishing grounds mainly due to the mixing of the
warm gulf stream coming from the south and cold
currents from the polar region  Figure 1!.

Being by far the most important natural resource
of the country, fisheries traditionally play a very im-
portant role in the economy of Iceland. In 1989 the total
catch was around 1.4 million tons, accounting for 73%
of the country's merchandise exports  Figure 2! and
54% of the foreign currency earnings. The most impor-
tant fish species in Icelandic waters belong to the gadoids,
i.e. cod, haddock, and pollock. Ocean perch, Green-
land halibut, herring, capelin, and pink shrimp also
play a major role  Table 1!. The fishing fleet and the
processing plants are relatively highly mechanized as
seen by the fact that only 13.1% of the work force is
employed in fishing and fish processing. The main
Icelandic fishery products are shown in Figure 3 and
the main markets in Figure 4.

From early days Icelanders have realized that their
fish resources are limited and that a collapse of any of
the major stocks would be economically disastrous.
The latest measures for controlling exploitation of the
fish stocks took place in 1984, when fixed quotas for
each vessel were introduced. Major objectives of the
quota legislation were to prevent overfishing, and to
stimulate full utilization of all catches and exploitation
of underutilized marine life. There is no doubt that the

quota system has had a major effort in changing the
attitude toward full utilization of the catches. The

fishermen and the processing industries are more aware
than ever of the possibilities of making marketable
products from raw materials that currently are either
used for fish meal or discarded. Official institutions and

a score of private firms and sales organizations are

Author's address: Icelandic Fisheries Laboratories, Skulagata
4, P.O. Box 1390, 15-101 Reykjavik, Iceland.
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involved in the effort of better utilization and product
development.

Icelanders always have eaten a lot of fish, and today
they are among those nations with the highest fish
consumption per capita in the world. In times when only
small-scale fishing existed, all the traditional methods
of preservation were used, such as drying, salting, and
smoking. Even today dried fish is considered a delicacy
in Iceland and is very expensive. Constant shortage of
food throughout the centuries developed a food culture
which fully utilized the catch. Dried fish heads were
softened in dairy whey and eaten, livers and roe were
delicacies, and sharks were  and still are! ripened for a
few weeks prior to drying. Fish was in early times
praised as health food, especially liver or fish oil. Shark
liver was considered excellent against hay fever, dog-
fish liver was used for healing wounds, and cod liver
was used against swellings. For intestinal disorders
swim bladders from cod were considered the best medi-

cine. A popular dish was cod stomachs filled with a
piece of cod liver.
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Figure I. Basic facts about Iceland.

When Icelanders started industrial fisheries, they
discovered that many new species can be eaten, such as
shrimps and lobsters. After the turn of the century cod
fisheries predominated, and such species as pollock and
ocean perch were considered a bycatch and discarded at
sea. The best known Icelandic fish by-product is un-
doubtedly cod liver oil and cod roe. From 1901 to 1950
the annual production of cod liver oil was 2,000 � 7,500
tons per year and around 2,000 tons of salted cod roe. In
1935 research by the Icelandic Fisheries Laboratories
on the vitamin content of ocean perch liver resulted in
high quantities of this fish being caught. The liver was
the main product, and the by-product � the fish � was
reduced to fish meal. Prior to 1950 all viscera from fish

gutted on land was discarded, but gradually all such
material became processed to fish meal. After the
collapse of the Atlanto-Scandian herring stock in 1967,
capelin became the main raw material for fish meal
production. In 1978 production of capelin roe became
a large by-products industry, partly helped by an
Icelandic technological innovation in separating and

cleaning the roe for the demanding Japanese market.
Since 1977 the annual production of capelin roe has
been up to 6,600 tons.

Presently a number of projects are being carried
out in Iceland aimed at better utilization of catches.

However, a rapidly changing pattern of processing and
marketing is greatly influencing the amount of by-
product raw materials available. This is caused by the
recent advent of the freezer trawlers, which only use
40%-45% of the catch, and the increased sales of fresh
iced fish to the European market. Last year freezer
trawlers caught some 107,000 tons of demersal fish,
and over 100,000 tons of whole iced fish were sold

abroad.

Prior to these changes, we estimated the amounts of
by-products and their use. The results are shown in
Table 2. Almost 100,000 tons of fish material is dis-

carded annually, 63,000 tons from the conventional
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Agricultural products 1.34/o

Figure 2. Merchandise exports from iceland in 1989, by value.

Ft'gure 3. Fish commodity exports from lcelandin 1989, by value.
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Figure 4. Marketing area percents of total worldwide exports, l985 � l989.

area, primarily because of increased costs in getting rid
of the shrimp offal due to new more strict regulations on
dumping offal near the shore.

catches plus at least 30,000 tons of noncommercial
species and juvenile fish bycatch.

The easiest method to utilize scrap fish and fish
offal is to preserve this material by adding 2% � 3%
formic acid. The resulting liquid silage can then be
pumped, the fish oil can be separated easily by centri-
fugation, and the fat-free silage concentrated by evapo-
ration in stickwater evaporators. This method is dealt
with in the paper by Arason et al. in this proceedings.

Roe

ICELANDIC EXPERIMENTS ON BETTER

UTILIZATION OF FISH BY-PRODUCTS

Shrimp Offal

Shrimp offal constitutes about 50% of the shrimp.
It contains protein, chitin, and the coloring agent
astaxanthin which is a necessary ingredient for salmon
feeds. We have done several experiments with shrimp
meal processing. As astaxanthin is very heat-labile, it
is necessary to use low-temperature driers. We have
made business plans for a shrimp meal factory in
northwestern Iceland where some 5,000 tons of shrimp
offal are available within a 20 km radius of the factory.
Despite these favorable conditions, our calculations
show that such a factory would be operated at very low
profits. A shrimp meal factory is now being built in the

Frozen and salted cod roe is in good demand for
smoking, canning, and making various kinds of spreads,
such as "caviar" spread or the Greek tarama salad. The
roes from cod, haddock, and pollock are only available
for a period of three months each year. The ripening
stage is very important in terms of product quality.

In Iceland all iced fish must be gutted at sea except
fish landed daily from November to April. Traditionally
only roe from fish landed ungutted have been taken for
salting or freezing, and the same is true for collecting
the liver. Recently, however, vessels eviscerating the
fish at sea have started collecting roe in insulated plastic
tubs, using salt for preservation. On land the roes are
sorted and brine salted in barrels.

It is time consuming for the fishermen to eviscerate
the fish carefully enough not to damage the roe sack,
which would reduce the roe prices significantly. At
least three producers of eviscerating machines, one of
them Icelandic, now claim that their equipment does not
damage fish roe or liver.

The lumpfish roe industry is now well established
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Table 2. Utilization of the Icelandic demersal catches and shrimp 1982 � 1985  averages in metric tons x 1,000!.

Total Total available For human For fish meal Total
catch by-products consumption and oil utilized Discarded

Demersal

species

Cod, haddock,
pollock 436,200

16,800

1,500

22,600

16,400

7,600

57,400

52,600

16,600

9,200

3,400

47,000

51,000

16,600

4,400

10,400

1,600
74,200

54,100

39,200

25,600

11,000

Heads

Frames

Viscera

Liver

Roe

4,800

3,400

Ocean perch,
Greenland halibut 145,000

2,60072,80072,80075,400By-products

Shrimp
9,0009,00018,000

76,500212,000191,80020,200599,200 288,500Total

Bycatches estimated to be 30,000 � 50,000 metric tons.

in Iceland, and most of the roe is packed as caviar under
various foreign labels and sold in Europe. We have
been experimenting with direct staining of the fresh
roe, leaving out the stage of primary salting and storing
in barrels  Magnussen et al. 1984!.

Capelin roe has almost exclusively been sold in
Japan, but some producers are now producing caviar or
spreads for the European market.

Liver

Fish Viscera

Traditionally cod liver has been used for making
medicinal cod liver oil. Significant product development
has been made by the University of Iceland, Lysi Ltd.,
and our institute. The main effort has been toward
producing cod liver oil with a higher proportion of
omega-3 fatty acids. Icelanders always have been large
consumers of cod liver oil, and since the news media
started reporting the alleged beneficial effects of the
omega-3 fatty acids on human health, the local con-
sumption has increased fourfold. Generally there is
now more demand for cod liver than can be supplied
from the uneviscerated catch alone. Therefore fisher-
men increasingly have started to collect cod liver at sea
in specially designed plastic tubs.

Canned cod liver has always been in good demand,
but for the last few years only 100 � 200 tons have been
produced annually. One reason this is considered diffi-
cult business is that the operating period is only about
three months per year. Also the liver is very perishable,
it has a maximum keeping time of 4 � 5 days at O'C, and

its preparation prior to canning is very labor intensive
because the membrane surrounding the liver has to be
removed. We have been running experiments on storing
the liver frozen, carefully protected from oxidation.
The results show that good-quality canned liver can be
produced if the freezing, storing, and thawing pro-
cesses are carefully controlled  Steingrimsd6ttir 1988!.
At the Icelandic Fisheries Laboratories we also have
developed a process by which the cod liver membrane
can be dissolved by using hydrolytic enzymes, but this
process has not yet been employed in the canning
factories  Steffansson and Steingrimsdottir 1990!.

Viscera  including liver and roe or milt! constitute
about 15% of the net weight of fish. In Iceland, most of
the intestines are discarded at sea. It is well known that
the intestines, the stomachs, and the pyloric caeca contain
large amounts of digestive enzymes. These enzymes are
responsible for the disintegration of fish left
uneviscerated for too long, and for liquefying fish when
mixed with formic acid for silage production. For a
number of years the University of Iceland and the
Icelandic Fisheries Laboratories have worked toward
producing crude enzyme mixtures, containing high
amounts of cod enzymes. A pilot-scale process that
produces the crude enzyme has been run for three
years  Benediktsson 1987!. It involves homogen-
ization of the viscera followed by extraction using a
neutral or a weakly alkaline pH. After filtration, precipi-
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tation, and centrifugation, the liquid containing the
enzymes is ultra-filtered in order to reduce the volume
and remove low-molecular-weight impurities. After
freeze-drying, the mixture contains enzymes such as
trypsin, chymotrypsin, elastase and other proteases
 Steingrimsd6ttir 1988!, and amylases. At the univer-
sity further work is carried out for purifying the specific
enzymes, especially trypsin and chymotrypsin
 Asgeirsson et al. 1989; Asgeirsson and Bjarnason
1988b!.

The use of industrial enzymes in the world is grow-
ing. Of about 200 thoroughly investigated enzymes,
around 20 are used for industrial processes. These
include additives to laundry detergents and animal feeds,
and enzymes for tenderizing meats, clarifying bever-
ages, etc.

At the Icelandic Fisheries Laboratories we have

b een experimenting with using industrial hydrolytic
enzymes for various purposes in fish processing. The
projects include removing skin from skate, membrane
from fish liver, black membrane from swim bladders of
cod, and scales from fish skin. In most of these processes
tht e enzymes from cod viscera have proven to be at least
as effective as some of the other industrial enzymes
tested. However, the cod enzymes are at present more
expensive than most of the other preparations. One of
these processes is now being used commercially for
removing black membranes from swim bladders, a
specialty item in southern Europe  Stefansson and
Steingrimsd6ttir 1990!. Further research is needed to
find specific users for fish enzymes, but no doubt users
will be found. For example there is a growing market for
fish hydrolysates, i.e., enzyme-digested fish proteins
with defined qualities. This is one area where fish
enzymes might become valuable in producing a variety
of fish protein hydrolysates from scrap fish.

Fish Frames and Collars

After filleting or splitting groundfish, a consider-
able amount of fish flesh can be recovered from the

remaining collars and the frames. The technolec noogy,

using a bone separator, is well known and widely
used in many countries. In Iceland practically no fish
mince is produced except from the V-cuts rendered by
the production of boneless fillets. The mince from the
collar and the frames is darker in color than the V-cut

mince and therefore sells at lower prices. By splitting
the frames, using the attachment supplied with the
Baader 184/185 filleting machine, a mince of relatively
good quality can be made from the upper part of the
frame. In our opinion all fish frames should be pro-
cessed in this way.

From one ton of cod some 20 � 30 kilograms of

Collar 4-5'/o

He

Belly flap 5-6'/o

Fr

F'igure 5. Possible mince quantities from various par ts
of the cod.

mince can be made from the upper section of the frame
alone and 40 � 50 kilograms from the collars  Figure 5!
 Arason 1988!.

Mince is a very difficult product in terms of bacte-
riological quality and limited keeping time. Good-
quality mince, however, can be used for various
excellent products. In my view we need to improve
production technology, and we can learn a lot from the
surimi industry about this. We especially require eco-
nomical ways of washing the mince and making
washed mince a commodity subject to specified indus-
trial standards.

In this area research and development is needed.
Th ere is a lot of interest in Iceland concerning better
utilization of fish frames and collars, and a few compa-
nies are now working in that area.

Fish Heads

In Iceland, as in many other countries, fish tongues
and cheeks are considered delicacies among the local
population. Some cheeks and tongues also are exported.
The bottleneck for processing is the high manpower
requirement. Even though some 10,000 tons of fish
heads are processed in Iceland for human consumption,
mostly by drying, almost 50,000 tons are still processed
to fish meal.

Therefore, the development of a head splitter by the
Kvikk company was a major development toward better
utilization of the flesh from fish heads  Figure 6!

 Gudmundsson 1989!. As the product of the machine is



Figure 6. Ret overy of flesh fi om cod heads using the Kvikk 205 head splitter.

THE FUTURE
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new on the market, time has to be allowed for product
development. In Iceland tongues and "double cheeks,"
products of the head splitter, have mostly been salted
and sold on the salt fish markets in Portugal and Spain.
Little yet has been done in exploring the potential of
producing mince from the "double cheeks" but we
know that such material could have value as an additive
to other minces because of its high binding properties.

I am optimistic regarding future utilization of fish
by-products. In fact I am convinced that the day soon
will come that no parts of the fish will be discarded.

In my view there are three major components in
successful utilization of all by-products. First is tech-
nology. In most cases we are trying to utilize a small
portion of a large mass of material. Doing this manually
requires a lot of labor. We need new equipment that can
reduce the labor cost. Examples include small automatic
fish meal plants or silage units that can continuously
process all material not suitable for human consumption.
These should be made in a size that will fit processing
plants or freezer trawlers.

Second, quality of products is a determining factor
in the market value of such by-products as fish mince.
The fact is that large quantities of poor-quality fish
mince is on the world market. With better quality
management, it is possible to make immense improve-
ments in this area. New technologies are emerging that
will allow a new range of products to be made from fish
mince or washed fish mince.

Third, research is needed for new uses for the
various by-products from fish. We all know about the
continuing research on the apparent beneficial effects
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of the omega-3 fatty acids. There are many unknowns
about fish consumption. For example a search of the
available literature on the composition of fish roe re-
veals that very limited research has been done on the
subject. In the animal feed area, questions are still
unresolved regarding the existence of "growth factors"
in fish meal which make it superior to other animal feeds
of apparently similar composition. We are just begin-
ning to scratch the surface regarding research on the
range of enzymes found in fish viscera in great quantities.
The same holds true for fish hydrolysates.

There could be large markets for various fish
hydrolysates, both as special feed components and as
natural stabilizers for protein foods, fish, and meats.
There are numerous possibilities for fish oils. One area
of research relates to akyl glycerols in shark fats. These
compounds have the effect of protecting living beings
from radiation, thereby decreasing the chance of cancer.

The increased prosperity of the Southeast Asia
region, where the richest fish-eating culture exists, opens
various new possibilities in better utilization of bycatches
and by-products. Already the fish-eating habits of Asia
are influencing western societies.

We must admit that in relation to other food indus-
tries the fish industry is underdeveloped in many ways.
However, it holds a great promise in terms of variety and
development of products.
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QUESTIONS AND ANSWERS

How about the utilization of blue whiting?

The Faeroese have been utilizing blue whiting,
unfortunately at a great loss. They made the surimi
plant, but as far as I know most of the surimi
vessels have been sold. We have been waiting in
Iceland. We could catch some 100,000 to 200,000

tons of blue whiting, but it is still swimming in
the sea waiting. It's quite difficult to process
economically.

Is that because of the recovery of the blue whiting?

It's a small fish. Using filleting and skinning
machines, the yield is quite low. But the determining
factor is that the market value of bulk blue whiting
is lower than for pollock. It's a bit lower than was
anticipated when the plans were made for this type
of processing.


