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INTRODUCTION

POPULATION INCREASE

This reports on the development of the international
protein situation � the supply, demand, prices, and dy-
namics that have an impact on the market. The proteins
covered are the major vegetable meals, fish meal, and
other major animal meals. In the vegetable category are
soybean meal, cottonseed meal, rapeseed meal, sun-
flower seed meal, peanut meal, copra meal, linseed
meal, and palm kernel meal. The major animal proteins
are meat and bone meal, poultry by-product meal, and
feather meal.

A number of these meals are by-products and their
production is governed by supply and demand for the
main product. Examples of this are all of the animal
protein meals and cottonseed meal. The other proteins
mentioned result from the cultivation of oilseeds for
their meal and oil.

Alaska's billion pounds of protein is a large quan-
tity of specialized product that will have to find its place
in the world market. Perhaps the information that
follows will provide an indication of the relative ease or
difficulty of accomplishing this task. In order to be
consistent we have converted the billion pounds to
metric tons; 453,600 metric tons is equal to one billion
pounds.

The world production of fish meal for 1990 is
estimated at 6.67 million tons, up from 4.8 million just
10 years ago. The fish meal production in 1960 was just
under 2.0 million tons. Alaska's billion pounds of
protein is 6.8% of the 1990 world production estimate.

Production of animal proteins for 1990 is forecast
to be 6.87 million tons. These meals are meat and bone
meal, poultry by-products meal, and feather meal.
These figures do not include blood meal, bone meal, or
hoof and horn meal as there are no data available on
these products. It is interesting to compare world animal
protein output with Alaska's billion pounds of protein.

The vegetable protein production estimate for 1990
is 111 million tons, compared with 88 million tons in
1980 and 51 million tons in 1970. In 20 years produc-
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tion has more than doubled. How does this balance with
demand'? In 1989 the price average for soybean meal
was the highest in at least 20 years. And soybean meal
represents over 62% of the total world production of
vegetable, or oilseed, meals.

The combined world production total of protein
meals is 124.6 million tons for this crop year. Only 3.5%
of this is anticipated to be in inventory at the end of the
year. This indicates a healthy demand.

The protein supply has doubled in the past 20 years,
and after adding Alaska's billion pounds, we have a total
of over 125 million tons. This does not include grains,
cereals, concentrates, or liquids. This 125 million tons
is all protein.

Population increase is one of the many forces that
has an impact on the supply and demand of protein.
Thirty years ago the total population was 3 billion
people. In 1990 the estimate is 5.25 billion, and in the
year 2000 the forecast is for over 6 billion. In the 40
years from 1960 to 2000 the world will have added 3
billion people, which means population will have doubled
in those 40 years. In the late 1960s and early 1970s the
rate of increase was fairly steady at 2% per year. In
recent years the rate has slowed to 1.6% and is expected
to decline further to about 1.3% in another 15 years.
However, even with the lower rates, the estimate is for
the world to add another one billion people between
2000 and 2010 for a total of 7 billion.

Such an expanded population requires greatly ex-
panded food and feed supplies. The main use for
vegetable, animal, and marine proteins is to produce
meat, milk, and eggs for the human population. The
expanded supplies of protein have been able to keep
pace with the demands of an increasing population.
Although there has been severe famine in some areas of
the world, surpluses of food have existed at the same
time in producer countries. The problem is proper
distribution rather than inadequate production. You
are probably familiar with the recent mountain of butter
in the European Economic Community, and the sale of
over 150,000 tons to the USSR at $.12 per pound.
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GOVERNMENT PROGRAMS

Government programs are in place in abundance in
all major crop producing countries. We have subsidies
to encourage production, intervention prices to help the
less efficient producer  in the EEC!, licensing proce-
dures to control exports, and export promotion arrange-
ments to move out surplus stocks, to name a few.

The United States and the USSR recently signed an
agreement that allows the USSR to buy 10 million tons
a year of grain, soybeans, and soybean meal. This is a
five-year agreement replacing the old one that allowed
the purchase of 9 million tons per year. While most of
the new agreement covers wheat, corn, and barley, 2
million tons per year can cover soybeans and soybean
meal along with wheat and grains. The USSR is expected
to buy 4.3 million tons of soybean meal in 1990, in
addition to 2.0 million tons of other meals. Consider-

ation is being given to extend credit to the USSR, which
should be welcome to them given the current state of
their economy.

Brazil, the second largest producer of soybeans
after the United States, uses export registrations to
balance its need for soybean oil with its need for foreign
exchange. When Brazil closes its registrations for
export, we can usually expect an immediate price in-
crease for our beans and products. A change in existing
government programs, or new ones, by major producers
or consumers usually has an effect on world protein
prices.

One of our country's programs is the sunflower
seed oil assistance program, also known as SOAP.
Under this program a bonus is paid in pounds of sun-
flower seed oil per ton of exports. A total of 100,000
metric tons to Egypt and Algeria was announced and
over 60,000 tons has been sold and shipped. One sale to
Egypt was for 10,000 tons, and for each ton sold Egypt
received a bonus of 730 pounds. This amounted to an
additional 3,311 metric ton bonus. This is in addition to

our vegetable oil export enhancement program that has
765,000 metric tons registered and 525,000 tons shipped.

PALM OIL PRODUCTION

The largest producer of palm oil in the world is
Malaysia. About 20 years ago Malaysia was faced with
a sharp decline in export earnings for two of their main
products, natural rubber and tin. The development of
synthetic rubber had cut deeply into their sales, and the
future for natural rubber sales was not good. The
International Tin Agreement was beginning to come
apart and tin prices were declining. Malaysia decided
that the oil palm would be ideal to replace the rubber
plantations. They have the acreage and the climate. The

trees begin producing three or four years after planting
and continue to produce for another 30 years. Natural
rainfall is adequate and the application of fertilizer is the
only action that requires labor other than the harvesting
of the fruit.

From production of only 431,000 metric tons in
1970, output tripled to 1,258,000 tons in 1975. Malaysia
hit the jackpot as prices for vegetable oils tripled in the
same time span. Production costs were reported at $100
per ton and palm oil was selling on the world market as
high as $600 per ton. Buoyed by this success Malaysia
rapidly expanded the cultivation of the oil palm, and
palm oil production rose from 431,000 tons in 1970 to an
estimated 5.9 million tons for 1990. With production
also increasing in Indonesia and Nigeria, this year' s
world production is forecast at 10 million tons. An
additional 1.4 million tons of palm kernel oil is expected
this year. For producers of protein it is fortunate that the
oil palm produces a flesh fruit, similar to a large grape�
with very little meal  protein! content. If the oil palm
had the same oil and meal content as the soybean, we
would be facing over 40 million tons of additional
protein meal to affect the world market.

The growth of the oil palm complex has produced
a surplus of oil, evident in the fact that Malaysian palm
oil delivers to the West Coast for only $.15 per pound.
This growth will also result in a relative deficit of
protein meal. Much of the increase in demand for fats
and oils will be covered by palm oil and palm kernel oil.
The oil palm produces 10 times as much oil per acre than
soybeans. The oil palm produces for 30 years, while
soybeans have to be planted each year. As a result, oil
palm growing is more profitable than soybean growing,
and expansion of palm oil production probably can meet
increases in world demand for oil.

However South America, in particular Brazil and
Argentina, has sharply increased its soybean pro-
duction over the last 20 years. Brazil's production in
1970 was 764,000 metric tons of soybean meal com-
pared to this year's forecast of over 12 million tons,
over 75% of which will be exported. Argentina pro-
duced 15,000 tons of soybean meal in 1970 vs. the
estimated 5.8 million tons for 1990. Of this, over

90% will be exported. These increases in production
resulted in additional quantities of oil on the world
market.

Any oversupply of oil results in less incentive to
increase soybean production, unless producers can get
more money for the meal. With a steadily rising
demand for meal  protein!, meal prices probably will
rise. Meal prices last year were at a 20-year high. While
protein prices at this time are below those of a year ago,
the oilseed production already in place should favor
meal producers in the long run.



POLITICAL CHANGES WEATHER

CURRENCY CHANGES

In reviewing information for this presentation, I
came across some forecasts prepared a few years ago by
an organization that collects data on oilseeds, meal, and
oil. One of the primary assumptions was that the
existing free market economies and centrally planned
economies would change little. The events of the last
few months in eastern Europe has voided that assump-
tion. Many of those countries will be moving from a
strong centrally planned and controlled economy to one
with market incentives. Only 10 years ago the USSR
was a net exporter of oils and meals. Today they are a
net importer of meals, and as mentioned earlier, are
expected to import 6.3 million tons of protein meals this
year.

Countries in Eastern Europe can be expected to
import more protein to produce food for their people.
The quantities of imports will depend on the amount of
money available and the availability of credit or govern-
ment programs from exporter countries. There are
many communist-socialist countries that have low prof-
itability in their agricultural sector, low yields, and
underutilization of resources. These countries represent
fully one-half today's world population. Obviously
there is great opportunity to provide these countries with
the protein they need. Their inability to produce in the
past has provided great opportunities for increased pro-
duction of oils and meal by the United States, Brazil,
Argentina, and Malaysia.

Currency changes of the importing and exporting
countries also affect the movement of protein. The
recent decline of the U.S. dollar has made the purchase
of American products less expensive, and thus more
attractive. Currency changes can be quick and extreme.
An example of an extreme change over time is the
Mexican peso. About 20 years ago one dollar would buy
25 pesos. Today one dollar will buy 2,788 pesos. In
spite of this decline, last year Mexico was the number
one customer for U.S. animal protein, as well as the
number one customer for lard, edible tallow, and ined-
ible tallow. Government programs did have a hand in
this volume.

Brazil had a 12% devaluation of their currency last
year and an additional devaluation is expected, perhaps
as much as 30%. Brazil has serious economic problems
and its currency is not quoted. Last year, soybean prices
rose 850% but inflation rose almost 1,800%.
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Weather can be a major determinant of crop prices,
mainly when the weather is abnormal. The most recent
abnormality was the drought of 1988, which cut grain
and corn production by about 25%. In the 3-1/2 months
before the expiration of the July 1988 contract, the price
per bushel of soybeans increased from $6.25 to $10.40,
and corn increased from $2.10 to $3.30 per bushel. In
1973 above-normal rainfall resulted in a sharp decline
in production, and the price for soybean meal doubled
from the year before.

Agriculturists continue to look for accurate fore-
casts of weather but have been largely unsuccessful. Dr.
Iben Browning, speaking before a feed industry group in
March 1986, predicted plentiful rainfall and bumper
crops in 1986. USDA figures show total oil seed produc-
tion that year to be over 65 million tons, the highest on
record and well above the 59 million tons predicted for
this year. Dr. Browning also forecast reduced water
supplies for the next five years. As far as California is
concerned, he was right on. Among his further predic-
tions are that by the year 2010 Canada will grow no
grain because the climate will be too cold, and that the
growing season in the Corn Belt will shrink to 110 � 115
days. This is in direct contrast to the reports of global
warming that we hear today.

El Nino, which is the periodic warming of the
waters along the northwest coast of South America, is
blamed for abnormal weather conditions. The last
intense El Nino was in 1982-1983 and was responsible
for additional moisture that produced bumper crops in
Brazil. At the same time Southeast Asia experienced a
severe drought that reduced production of palm oil and
coconut oil in Malaysia and the Philippines as well as
lower corn output in Thailand. A USDA meteorologist
notes that the period 1955 through the early 1970s was
unique in this century, one in which weather was un-
usually stable. In the 1980s there have been three major
droughts in the United States while Florida has had
seven freezes that affected its citrus crops.

The reasons for the higher highs, lower lows in
temperature, more droughts, and more flooding'? No
concrete reasons, only theories, to explain the abnormal
weather.

l. This extreme weather may be a return to the type of
weather experienced between 1930 and 1955. That
theory states that this period was "normal" weather,
as contrasted to 1955 to the early 1970s which was
described as "unusually stable."

2. El Nino has been fairly frequent and has strongly
affcctcd the weather in the subtropics, but also has
had an effect in the mid-latitudes.
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3. A gradual warming of the earth's climate has re-
ceived much publicity recently.

4. An increase in volcanic activity affects climate by
propelling tons of debris into the atmosphere. Of
the earth's 70,000 volcanos, 3% to 5% may be
active at any time. After a 1982 eruption in the
Yucatan, Hawaii lost 30% of its sunlight through
the summer because of the resulting volcanic cloud.

Weather is a major factor in determining crop yield
and therefore prices. Unfortunately weather is very
difficult to predict, particularly long term. Until predic-
tion becomes more accurate, producers of crops will
continue to be victim or beneficiary of weather changes.

ANIMAL PRODUCTION AND PROFITABILITY

Animal production and profitability is a key item
for the producers of protein since an increase in animal
production requires an increase in feed. The use of feed
concentrates in the United States alone this year is
expected to exceed 200 million tons. Feed concentrates
include fish meal, oilseed meal, animal protein, and
feed grains. Keep in mind that total world production of
protein meals was put at about 125 million tons.

A major consumer of protein is the poultry industry,
which includes the producers of broilers, turkeys, lay-
ers, ducks, etc. The U.S. production of turkeys was up
91% in 1989 compared with 1979, and broiler produc-
tion was up 58%. In contrast, beef production was up
only 8% and pork 3%. The large expansion in poultry
was due mainly to price and health considerations.
Broiler and turkey prices are considered a good value in
relation to beef prices. Right or wrong, more people
consider red meat unhealthful, and as a result are

switching to poultry and fish.
Poultry is an efficient converter of feed to finished

product. Broilers require only two pounds of feed for
every pound of gain. And broilers reach market weight
in only seven weeks for the most efficient producers.
Turkeys require 2.5 pounds of feed for each pound of
gain and reach a 30 pound market weight in 18 weeks.
Production this year of broilers is expected to be slightly
over 5.5 billion birds, about one-third of the world' s

production. Turkey production is estimated to be 267
million birds.

As important as the volume produced is the profit-
ability of the industry. Broilers have been particularly
profitable in the past year, which explains the continued
expansion. Production in 1994 is forecast to be up 36%
over the 1989 output of 5.3 billion birds. Turkey
profitability has been spotty over the last few years, but
turkey growers are optimistic about the future and plan
to expand production.

Exports of poultry are expanding with 15,000 tons
of broilers shipped to Romania this year, in addition to
60,000 tons to Russia. Poultry is a relatively inexpen-
sive product to produce as well as being quick. In
contrast to the seven week production time for broilers,
steers require five to six months in the feed lot alone. A
range fed steer would require even more time.

The use of concentrates in the United States in 1987

was 203.7 million tons at a cost of $15.6 billion dollars.

Due to the drought in 1988 the use declined 11% to
181.6 million tons at a cost of $20.6 billion dollars.

Obviously animal producers are very sensitive to any
major changes in their feed costs.

At this time very few high-protein ingredients are
being used in cattle feed. There is a possibility that
animal protein use will increase in cattle feeding due to
their bypass characteristics.

An expanding industry is aquaculture, which uses
the high-protein feeds. In the southwestern United
States, aquaculture is expanding at the rate of 25% per
year.

HEALTH AND DIET CONSIDERATIONS

Health and diet are becoming more important to
many people. One of the reasons for the increase in
poultry consumption and the decline in beef consump-
tion is that people perceive poultry meat as being more
healthful than red meat. The main issue here is the

saturated fat and cholesterol associated with red meat.

The increase in demand for poultry products works in
favor of the protein producer since poultry feeding
requires a great deal more protein  fish meal, soybean
meal, etc.l than does cattle feeding.

From its high point in 1976, consumption of beef
has declined from 94.4 pounds per capita to an estimated
67.5 pounds this year. Over the same period, per capita
consumption of chicken has increased from 42.8 pounds
to 66.1 pounds. As previously mentioned, broiler pro-
duction is expected to continue to increase steadily for
the next few years.

Another aspect of the health question is the use of
tropical oils in food products in the United States.
Perhaps you will note more advertising stating "no
tropical oils" or "no animal fats" in the product. The
tropical oils include coconut, palm, and palm kernel
oils. Before this became an issue, the United States

imported as much as 424,000 metric tons of palm oil
alone �975-1976!. This year probably no more than
150,000 tons will be imported. In 1975-1976 we im-
ported 566,000 tons of coconut oil, and this year' s
imports will be less than half that  estimated 260,000
metric tons!. The reduction in U.S. imports of palm oil
will be made up by increased imports by India, China,
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Pakistan, and Russia.
As mentioned earlier, the large increase in palm oil

production does have an effect on the production of
oilseeds with a high meal content such as soybeans.

PER CAPITA INCOME

As countries increase their per capita income, they
become more able to improve the diet of their people.

As they are able to produce or buy poultry or fish, they
will have an impact on the demand for protein.

All of the items discussed will by themselves and
jointly raise the demand for all protein � fish, animal,
and vegetable. With the world dropping political bar-
riers while trying to improve the standard of living
among its people, a substantial increase in the demand
for feedstuffs in general, and protein in particular, should
be the positive result.
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PAST, PRESENT, AND FUTURE MARKETS IN THE UNITED
STATES FOR FISH MEAL, FISH OIL, AND FISH SOLUBLES

Thomas J. Starkey
H.J. Baker 8z Bro., Inc.
New York, New York
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Figure 1. U.S. poultry feed volume, 1968 and 1988.

PROTEIN USE 1968-1988
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H.J. Baker has been involved in the marine protein
industry since its founding in 1850. In the early years,
the firm was actively involved in the distribution of
organic fertilizer products, one of which was fish meal.
We carried cargoes of sardine fish meal in sailing ships
from California to the East Coast. Baker was also one
of the earliest investors in Peru, and at one time pro-
duced fish meal in two fish meal plants for world
distribution. At present we import fish meal; in fact, we
are one of the nation's largest consumers of fish meal.
We use it in Propak, a protein concentrate we manu-
facture. We' re also exporting fish meal from Peru,
Ecuador, Chile, Canada, and Alaska to consumers in the
world markets. Baker is still a major distributor of
fertilizer products, as well as a producer of prilled
sulfur. We' re also importing food products including
canned and frozen fish, beef, and fruits.

This report is an overview of the U.S. market for
proteins, with special emphasis on marine by-products
including fish meal, fish oil, and fish solubles.

Although this report covers recent history, it begins
with a comparison of the demand base for proteins from
the poultry sector to demonstrate growth from 1968 to
1988. Poultry in 1968 was responsible for about 80% of
all fish meal use  Figure I!. We produced about 24
million short tons in 1968 compared to a little over 40
million tons in 1988 � an increase of two thirds. In the
evolution of fish meal consumption in the United States,
1968 was a key year.

The available supply of fish meal in the United
States, both domestic and imported, was 1,127,224
short tons in 1968 and 510,415 short tons in 1988. We
had about twice as much fish meal in 1968 as we did in
1988, but only 60% of the poultry feed was produced in

1988. Why is this? Back in 1968, we had a completely
different scenario to justify the heavy use of fish meal.
Fish meal was looked at by the nutritionists for its UGF,
or unknown growth factors. Selenium content was also
an important consideration. It was not uncommon to
find poultry feed with 12% � 15% fish meal content
based mainly on the mystique of UGF. Fish meal
producers, importers, and traders in 1968 experienced
the peak fish meal demand that the United States could
offer, as far as percentage of feed formula was con-
cerned. But times have changed. A growing animal
feeding industry outgrew a stagnating supply of fish
meal in the years that followed. Since 1968, world
production of soybean meal has grown by 176%, but
fish meal supplies have increased only 27%. Between
now and the year 2000, fish meal production probably
will decline about 5% and soybean meal production will
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CURRENT USE OF PROTEINS

increase by another 37%.
Figure 2 shows the total supplies of fish meal

during the 20 years since 1968. Our overall supply has
ranged from a low of 425,000 tons in 1973 to a high of
1,127,000 tons in 1968. About 32% of the total supply
was imported, mostly from South America. During the
last 10 years, we' ve averaged 547,000 short tons of fish
meal supplies per year with little or no growth over that
period.

Let's return to the present and take a look at the
overall usage of proteins for the animal, fish feed, and
pet food industries in the United States. Figure 3 shows
the total usage of major proteins in the United States by
type for 1988-89, in metric tons. The dominant protein
source is soybean meal, far in excess of all the other
proteins combined. It's no secret to the feed industry, or
to the traders and distributors, that the direction of

protein prices is driven almost solely by the price trend
of soybean meal.

To illustrate this point, Figures 4 � 6 give a compari-
son of prices between soybean meal and other major by-

product proteins over the last couple of years. Figure 4
is a comparison between menhaden fish meal prices at
the Gulf of Mexico and Chicago Board of Trade soy
prices based on the nearest option. Figure 5 compares
delivered northwest Arkansas prices for fish meal and
48% protein soybean meal, which is used by the poultry
industry. Arkansas is the number one broiler-producing
state. And Figure 6 compares delivered northwest
Arkansas prices for fish meal, meat, bone meal, blood
meal, and soybean meal. Among the figures we have
some very neat alignments certainly between meat and
bone meal, fish meal and soy, and to a lesser extent
between blood meal and soy.

This kind of information is important to intelligent
buying decisions, because we have a very direct trend
relationship between the price of soybean meal and
those of other marine and animal proteins.

In order to make a proper judgment, and to make a
correct buying decision, all we have to do is guess right
on the price direction for soy. Then using historical
price relationships between soy, meat meal, fish meal,
and blood meal we can arrive at the proper value for
other by-products. Of course, this is a lot easier said than
done. It is not all that easy to judge the price of soy.
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In 1989, the U.S. Department of Commerce esti-
mated a total usage of fish meal in the United States at
about 350,000 metric tons. For fish meal, 1989 was a
high-priced year because of poor fishing in the United
States and strikes in Peru over a period of eight weeks.
The fish meal to soybean meal price ratio was about
2.0 � 2.2, which is on the high side. Our best guess on the
various percentages used in feeds would be 60% in
poultry, 30% in aquaculture, and the balance in pet
foods and specialty feeds for swine and ruminants.
Although poultry is still the largest user of fish meal, the
trend is definitely away from poultry, which represents
a more elastic, or price sensitive, demand. That means
the computer no longer sympathizes with UGF, and will
remove fish meal from the formula unless it's economi-
cally priced relative to its amino acids, energy, and
vitamin and mineral contributions.

Increasing use is found more in special situations or
in elastic areas, such as fish feeds and pet foods. Poultry
feeds only require about 21% protein, but a typical fish
feed formula such as trout requires almost twice as
much protein. Therefore high-quality protein sources,
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such as fish meal, allow the fish feeder to pay more for
each ton of fish meal to meet feed requirements. In other
words, as aquaculture expands, it is gradually buying
away supplies from the poultry sector. Aquaculturists
use fish meal because it fills protein needs and because
high-quality fish meals are well utilized by the fish
compared with cheaper plant or animal protein. Of
considerable concern to the aquaculture industry is a
possible cost-price squeeze, as fish meal consumption
increases and world supplies decline. The end result is
a higher price for the fish meal portion of the formula.

Figure 7 illustrates the phenomenal growth of U.S.
aquacultural production, led by catfish, with about
150,000 tons in 1988. Catfish production showed a
sixfold increase from 1980 to 1988.

Another interesting opportunity for fish~~
dairy feeds. We' ve seen some studies from Cornell
University and a dairy research center in Wisconsin that
indicate significant increases in milk production when
fish meal was used. Apparently, fish meal holds up very
well as it passes the rumen providing the cow with more
digestible nutrients. The feeds that were used contained
from 1.5% to 3% fish meal. National production of
dairy feeds is about 29,500,000 tons, so at a 1.5% usage
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level for fish meal, the potential fish meal consumption
per year is considerable. However, many dairy farmers
are reluctant to use fish meal, fearing possible flavor
problems in the milk or palatability problems with the
feed. This area is developing slowly, but it shows
promise. The same is true for cattle feeds, where fish
meal usage has acted as a growth stimulant in feeding
operations.

There is certainly a role for fish meal in pet foods,
especially cat food, but growth is much less spectacular
than in aquaculture. Recent conversations with one of
the largest pet food producers in the United States
indicate the pet owner plays a major role in determining
the use of ingredients in pet food. They prefer to see fish
products such as fish meal used in cat foods.

One problem area for fish meal is the lack of
sufficient supplies for poultry feed. One U.S. poultry

company in particular could use almost 5,000 tons of
fish meal per week, or about 66% of the total supply
available. If the entire broiler industry used 2.5% fish
meal, annual fish meal consumption at today's rate of
broiler production would be 540,000 tons of fish meal.
That would be 100% of available supplies over the last
10 years, which would leave us nothing for aquaculture,
pet food, or other special uses.

As the U.S. trout, catfish, and salmon industries

grow, we feel the use of fish meal will continue to
expand in that sector and decline in poultry. But the
aquaculture industry probably will reach a point where
it too will substitute other proteins. One example is the
catfish industry in the southern United States. In 1986
catfish feeds used about 8% � 10% fish meal, but today
those same feeds are only using 4% � 5%. The balance
was replaced with other animal protein products, such as
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meat meal, bone meal, and blood meal. We' ve also
heard talk that trout feeders have replaced some fish
meal with high-protein poultry by-product meal. So we
have to be careful not to overprice our goods and suffer
the consequences of substitution with other competitive
proteins. Once those changes are made, it's usually
difficult to reverse them.

At the recent International Fishmeal Producers
Conference in Hong Kong, similar findings were re-
vealed. Dr. Ian Pike, director of nutrition for the
Fishmeal Association, reported that, internationally,
poultry is still the biggest consumer of fish meal, fol-
lowed by pigs and farmed fish. He told us that five years
ago, consumption of fish meal by farmed fish was only
1% to 2% of global fish meal production. Today it' s
closer to 10%, which is about 600,000 tons. He also
pointed out that the global production of farmed fish
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will double between 1986 and the year 2000. This also
means that fish meal requirements for farmed fish could
reach 20% of global supplies by the year 2000 from the
present 10%. That's certainly good news for exporters
of fish meal such as Alaska.

Twenty years ago there was a much less sophisti-
cated approach to purchasing fish meal. All the buyer
wanted to know was protein content and price. Now the
purchasing agents might ask:

1. Is it treated with anti-oxidant? If so, how many
parts per million?

2. What's the initial peroxide value' ?

3. What's the amino acid profile?

4. What's the true metabolizable energy?

S. What's the digestible protein?
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6. What's the histamine content?

7. Is it flame-dried or steam-dried?

8. Is it low-temperature dried?

9. What's the total volatile nitrogen?

10. What's the fatty acid content?

11. What's the acid value?

You' ll find many of these questions coming from
the aquaculture sector, but some will originate with
poultry feeders.

We' re living in a new and more sophisticated en-
vironment, and having the right answers to these ques-
tions will make a difference in making a sale or not, or
getting a premium or not. We' ll have to know the
quality of our product. Once the product quality is

established, then the most important question is, is the
product consistent? More than anything else, that will
govern continuity of business as opposed to a one-
time sale.

The sister fish oil industry in the United States has
been suffering these past two years with poor menhaden
production, mainly due to poor weather conditions.
Landings in the Gulf of Mexico this past season were the
lowest since 1981 and 32% below the last five-year
average. The outlook for the 1990 season, although
improved compared with 1989, is still 5% below the
same five-year average. That's not good news, but
these forecasts have not been completely accurate, and
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given the five-year average catch prior to 1989, we
wouldn't be surprised to see a much improved catch in
view of the poor results of the past two seasons. Last
week's results were poor, mainly due to the weather.

Good news for the menhaden industry is the 1989
approval of a petition filed with the U.S. Food and Drug
Administration. This approved petition permits edible
use of fully and partially hydrogenated fish oil in the
food industry. Most of the fish oil produced in the Gulf
of Mexico and Atlantic has been exported to Europe,
and mainly to one major consumer. Without alternative
users, the industry has suffered with an inflexible posi-
tion, but the recent approval by the F.D.A. should
change things. Up to now about 90'/o of U.S. fish oil was
exported, with the remainder used domestically in in-
dustry and in some animal feeds.

Plans to market menhaden fish oil domestically will
include the need to find hydrogenators or hardeners
willing to participate. We understand this effort may
take time as fish oil will require special handling to
avoid contaminating equipment handling other types of
oils. Partially hydrogenated menhaden oil will be used
mostly in specialty margarines, baking fats, and
shortening s.

Generally regarded as safe  GRAS! approval for
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refined, liquid menhaden oil is also pending. Once
approved, refined menhaden oil could be used as an
ingredient in salad oils, pastes and spreads, canning oils�
sausages, and mayonnaise.

A petition has also been submitted to the FDA
requesting an amendment to the standard of identity for
margarine. Years ago this standard of identity was
established by federal regulations clearly defining oils
that could be used to produce margarine. Fish oil was
not included. The amendment, if approved, would
permit fish oil to be used in margarine. When these
petitions will be approved is not known.

Fifteen years ago, the United States imported wet
solubles from Norway and Denmark, and dried solubles
from South Africa. But those supplies disappeared as
fish meal producers began adding solubles back in their
meal, with technological advances in processing tech-
nique. The same thing is happening in the United States.
Most of the wet solubles produced are added back to the
fish meal. Why sell a wet product for only $100 to $150
per ton when it can be dried back on a meal that sells for
$350 to $400 per ton'! When production is heaviest and
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plants are unable to add back, then there is a limited
market for fertilizer use as well as fish feeds. Poultry
feed use of solubles is all but eliminated, except in dry
form. I can see a time in the future where all solubles
will be added back to the meal, especially since environ-
mental regulations will not permit indiscriminate
dumping at sea.

SYNTHETIC AMINO ACIDS

In reporting on the U.S. protein market, the first
thing that obviously comes to mind is the abundance of
organic protein by-products that are available to the feed
industry. But another area of growth should be men-
tioned, because it will have a direct effect on both the
usage and price for organic proteins. This is the area of
synthetic amino acids, in particular L-lysine. We are
expecting the U.S. production of lysine to increase
fourfold over the next three years or so. The lysine
producing industry has learned how to be flexible and
compete with soybean meal. Lysine prices still remain
well above production costs, and it is conceivable that
increasing production could replace some soy meal in
the formula. It's very easy to replace 100 lb of soy meal
with 3 lb of lysine and 97 lb of corn. Obviously, any
pressure on soy meal prices will have a direct effect on
other proteins as well. For example, at the tail end of last
year, we saw prices for blood meal drop $40 � $50 per
ton, as the price of synthetic lysine also dropped I S � 20
cents per lb. However, for the short term, we feel that the
increasing demand for quality feeding around the world
will still seek out soy meal, which is the largest volume
protein supply available, and temper the potential price
effect lysine might have. As long as lysine can be sold
above its cost of production, which is a good bet, there
may be longer term considerations for the corn-lysine
package.

SUMMARY

Up until this point I' ve tried to illustrate to you the
changing uses for fish meal over the last 20 years, what
to expect in the future, how protein prices are influenced
by the direction of soybean meal, and that when fish
meal prices are economical, there is far more demand
potential than there are supplies. Also, purchasing
agents have become more sophisticated in what they
look for in fish meal quality. It's not just protein. I' ve
given you current information on the menhaden fish oil
situation, talked about the trend toward greater domestic
consumption for food use and less exports, and men-
tioned where fish solubles fit into the picture and their
eventual disappearance from the marketplace as they
are added to the fish meal.

MARKET OUTLOOK

The last topic I'd like to comment on is the present
market outlook for fish meal and fish oil. Going back
once again to 1968, I remember that it was an exciting
event to see on any given day a I or 2 cent a bushel
change in the price of corn, or $1.00 or $2.00 per ton in
the price of soybean meal. The markets traded in an
orderly manner, stocks of grains were heavy, and one
came to expect normalcy in the marketplace. All that
changed in 1973 � that was the year we exported our
surplus grain stock to the Soviet Union.

By the early 1980s it became clear that to deal with
the commodity outlook, it was almost mandatory to
become an economic analyst. Quite frankly, we haven' t
found the time to follow that route completely, but we do
try to keep our eyes on key areas of concern in order to
draw some intelligent viewpoint. The markets are
volatile to say the least. Dividing the last three years into
six-month sections, I found that the average spread
between the highest and lowest price for soybean meal
in each of those periods to be about $74.00 per ton.
When markets are swinging that much, it's imperative
to keep your eyes and ears open. Besides the supply and
demand figures, we also try to watch interest rates,
inflation, animal numbers, weather, currencies, per
capita consumption of meat�and political events around
the world. I'd like to deal today with supply-demand
fundamentals to see what might be in store for us for the
next six to eight months.

We consider the agricultural year as having two
halves: the first half October � March dominated by
supplies from North America, and the secondhalf April�
September dominated by supplies from South America.

Since I' ve keyed the price direction of all proteins
around that of soybean meal, let's take a look at soy's
activity over the last six months. Since last fall's
harvest, soybean meal prices dropped about 16%. Since
mid-1988, we' ve had almost a two-year uninterrupted
drop of $180 per ton. The most recent extension of this
decline into early March 1990 of this year was not
without good reason.

We'd consider these four points as the major rea-
sons contributing to the decline in soybean meal prices
into early March:

l. In 1989 the Brazilian farmers held their soybean
crop from the market, anticipating another drought
possibility in the United States. When the drought
didn't materialize, they began to sell practically
right on top of the U.S. new crop in late August.
U.S. exports of soybean meal suffered, and in
spring 1990 we found ourselves with about 18%
less soybean meal exports than a year before.
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2. USSR imports of soybean meal for the October�
March 1990 period are forecast to be down about
500,000 tons. Since we know they need protein to
produce an efficient feed, it's assumed their much
discussed shortage of exchange has slowed down
their purchasing.

3. There's also been an obvious shift in the U.S.

soybean crush from meal to oil. U.S. stocks of
soybean oil have dropped from 2.9 billion lb in
1989 to 1.7 billion lb in 1990 as of March 1, 1990.

This indicated a much improved domestic demand
for soybean oil at the expense of palm oil, coconut
oil, and other saturated fats. We' re seeing more of
the fast food franchises switching to vegetable oils
and away from animal fats for cooking purposes.

4. Soybean meal's share of the crush has dropped
from 67% in January 1990 to more recent figures of
about 62% as demand for soybean oil increased.

Since early March, the market has improved some-
what as the long-awaited harvest and export of soybeans
from Brazil was delayed, due to weather and political
considerations. This is now beginning to swing the
other way. It's fully expected that as Brazilian trade
normalizes, the U.S. exports of beans and meal will
suffer further, and soy meal prices could decline back to
low $60s by June. At least that was the popular view
until recently. The U.S. Department of Agriculture
planting intentions report of March 30, 1990 indicates a
slight decline in the acreage committed to soybeans
compared with a year ago, but with a normal growing
year we' ll have more than adequate supplies. With a
record supply of soybeans available in the world mar-
kets, it's easy to get bearish and expect further declines
in prices, which we expect might happen in the short
term. However, we urge some caution be used because
there are other considerations that could lead us to much

stronger markets.
Even though USSR imports of soy meal are down,

we think we' ll see a recovery during the second semes-
ter. They' ve just recently reentered the U.S. market for
beans, meal, and corn. World crushings of oilseeds

during October � March hit a record high level, and we
understand both United States and European feed com-
panies are using maximum levels of soybean meal in
their feed formulas.

Overall, world soybean meal demand for the cur-
rent feeding season could be up as much as 6%. The
American Soybean Association believes if the USSR is
granted most favorite nation  M.F.N.! status, they would
purchase at least 25% more meal from the United States.
Eastern Europe is also expected to increase their con-
sumption of soybean meal. We may have some damage
to the Brazilian crop. Also, dry weather could develop
in the western U.S. corn belt again. Although that' s
nothing to trade on today, it must be closely watched.
We can ill afford a poor corn crop with present stocks at
greatly reduced levels. We may even see an increase in
planted corn acreage at the expense of soybeans.

We expect to see brown fish meal prices decline
further in the short term. Peru and Chile are building
stocks now that Chile has returned to a full effort, and

Peru has lifted a ban on anchovy catches. Demand from
China and Taiwan has been slow � for China, we feel

that might be due to a shortage of foreign exchange. The
United States will depend on its own production until
fall 1990, eliminating possibilities of imports, so we
wouldn't be surprised to see values in Peru or Chile drop
another 5% from where they are today.

Fish oil is also weakish in the short term. The

Japanese Hokkaido Fishery begins in June, and their
decisions will largely dictate the direction for oil prices
on top of improved production in South America. The
Japanese yen is about 25% lower than it was a year ago.
Due to the weaker yen, and low prices for fish oil, they
may decide to burn some portion of their production
rather than sell it. That might help stabilize the market
for other origins.

It should be another interesting year for proteins,
and we sincerely hope that regardless of the outcome,
the fish meal producers of Alaska will be the beneficiary
of the expanding demand for quality fish meal in the
world markets. We ourselves are receiving more and
more inquiries for Alaskan white fish meal and look
forward to working with you in the future.
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For centuries U.S. fish processing wastes  "scrap,"
"pomace," or "offal" ! were utilized as a fertilizer in-
gredient. The earliest recorded use of fish by-products
as a food for domestic livestock was in 1835. This
utilization as a feed increased only slightly in 1864
when part of the oil was removed by pressing. By 1877,
Dr. W.O. Atwater, a world-renowned animal nutri-
tionist at the Connecticut Agricultural Experiment
Station, recommended the use of fish scrap from men-
haden as a source of protein for livestock. With the
exception of isolated instances, only farmers near fish
processing areas that had access to material in fresh
condition utilized the fish scraps or meal for livestock.
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As late as 1916, the utilization of fish meal for feeding
purposes was so limited that commercial quantities
were scarcely marketed  Weber 1916!. The recovery of
fish wastes and the production of fertilizer and oil from
whole herring in Alaska was initiated by the Alaska Oil
and Guano Co. in Killisnoo, Alaska. Industrial devel-
opment in Alaska had some similarities to the devel-
opment of the fish-waste recovery industry in the lower
48 states, but it also had some distinct differences. This
paper will briefly discuss the historical and potential
production of marine by-products from 1882 to 1957
and the current era of production conducted from 1973
to 1989, and will estimate the potential of Alaska's
marine by-product industry.

From 1882 to 1903, Alaska Oil and Guano Co. was
the only plant in Alaska. The company produced
edible oil for the European market and fertilizer for
Hawaii's sugar cane fields from whole herring. From
1903 to 1919, the number of plants varied between two
and five. The number in business in any year de-
pended on the availability of salmon processing
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Figure l. Number ofAlaska fish meal and fish oil plants, 1882 � l957.

wastes and the limited herring not used for pickled
herring. By 1920, the herring catch was mainly small
fish, and 80% was utilized for fertilizer. For the next
few years, from 1923 to 1928, the small size of herring
resulted in an increase in the number of meal plants
from 3 to a peak of 32, respectively. Figure 1 shows
the number of reduction plants and the wide fluctuation
in plant numbers through 1957. Besides body size of
the herring, fluctuation in plant numbers was also related
to a western movement of the fishery. Prior to 1923 the
herring fishery was only in southeastern Alaska, but
in that year a reduction plant was constructed in
Larsen Bay off Kodiak Island. By 1928, herring reduc-
tion plants built in Dutch Harbor were the primary
business industry. The number of operating plants
declined to a low of five during World War II due to
reduced manpower, and by 1957 competition with
imported meals brought an end to Alaska's fish reduc-

tion business.
Although efficiencies of operation and recovery

have since improved, as early as 1914 the standard
reduction methods and equipment were available with
both direct-steam and steam-jacketed cookers, hydrau-
lic and screw presses, separators for stickwater and oil
cookers, vacuum and direct or steam-rotary driers,
grinders, screeners, and automatic weighers and
baggers  Weber 1916!. The newer steam cookers re-
placed open-vat cookers, and by the 1930s oil sepa-
ration and purification was enhanced by centrifugal
separation. Therefore, these early Alaska reduction
plants had the best available technology. Alaska pro-
duced a large number of products. In addition to the
main products of oil  human edible, liver oil, pharma-
ceutical, industrial!, fertilizers, and edible meals  first
produced in 1914!, Alaska produced glue, bone meal,
eggs, bait, fresh and frozen feed  fur farmers! and fish
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skins for the Orient.

In Alaska, plant numbers and total meal produc-
tion were dependent on the availability of whole her-
ring. Although large amounts of salmon processing
wastes were available, economics limited salmon meal

production. Fish meal  fertilizer! production from
1882 to 1957 is presented in Figure 2.  Note! Since
production statistics often listed fertilizer and meal as
one dry product, and meal is the largest volume of
today's marine by-products, all totals were calculated
as meal equivalents to provide a common reference
product for discussion in this paper.! Herring meal
production is considered total actual production, be-
cause after 1920 herring was mainly caught for reduc-
tion to meal and oil. Herring meal production peaked
at 19,000 tons in 1936, and total production for the
1882 � 1957 era was approximately 360,000 short
tons. Actual salmon meal production from the early
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1900s to 1957 remained relatively constant with an
annual average of approximately 1,000 tons. Prior to
1906, whole salmon were fished for reduction, but
meal production af'ter 1906 was predominantly from
processing wastes. The 1905 � 1957 salmon meal
production was approximately 31,000 tons. How-
ever, the potential salmon meal that could have been
produced was estimated at greater than 374,000 tons,
or 10 times the actual production for the same period.
The potential salmon meal production was estimated
from the salmon pack statistics  Alaska Dept.
Fisheries Rept. 1949! for cases �8 Ib! of canned salmon,
with 30% of the fresh catch as wet waste and a 16%

recovery as dry meal. This waste of a potential
resource was based on unfavorable economics associ-

ated with salmon meals and a lack of regulations con-
cerned with processing effluents. This poor utili-
zation of a potential resource is still present in Alaska's
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seafood processing industry.
Total fish oil production is shown in Figure 3.

From 1882 to 19S7, herring oil was the main product,
with salmon oil representing the limited amount recov-
ered from the salmon processing wastes.

As previously mentioned, historic production of
by-products was highly variable because it was based
mainly on the herring resource with some salmon pro-
cessing wastes. Production levels were affected more
by nonregulatory factors � such as exploitation of the
resource  herring depletion in southeastern Alaska and
small fish body size!, economics  decreased demand for
edible markets since second generation immigrants re-
duced herring consumption and imported herring for
human consumption was more competitive!, labor dis-
putes, low manpower during the war, technology
 depth finders enhanced the rate of herring stock deple-
tion after the war!, and meals and oil production  re-
duced to low economics of depression years and poor
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economics following foreign competition of imported
meals in the 1950s!. Salmon meal production de-
clined because of regulations, but rose again due to a
lack of tolerance for waste discharge near seafood
processing plants.

The reduction industry was affected to a lesser
extent by regulations and restrictions. In 1906, the
Protection and Regulation of Alaska Fisheries was de-
signed to enhance awareness of the fishery as a human
edible market. Caught salmon had to be older than 48
hours before whole carcasses could be utilized for
reduction. The White Act of 1924, passed to conserve
salmon, established a 50% escapement. The 1939 and
1940 herring fisheries of southeastern Alaska and
Prince William Sound were either completely prohib-
ited or restricted to a quota, respectively. During
World War II, fishing was restricted in certain waters,
and a second herring quota was established in south-
eastern Alaska in 1954 due. to stock depletion.
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Following the 1957 decline of the reduction indus-
try, no government regulations required further
handling of fish processing wastes nor were the
economics favorable for producing oil and meal from
fish or fish processing wastes. However, concern for
water quality  Federal Water Quality Control Act of
1972! resulted in Environmental Protection Agency
effluent guidelines that initiated a second stage, or the
current era �973 � 1989!, of fish meal production. These
guidelines mandated that fish  mainly shellfish! pro-
cessing wastes in non-remote sites be discharged to or
disposed of in tidal flow areas to prevent buildup of
seafood processing wastes. In addition to these guide-
lines, there was an increased world demand for high-
quality protein, drastic reductions in South American
fish meal production, and proposed in-state develop-
ment of a bottom fishery. For American processors, the
potential for high tonnages  caused by the bottom fishery
developed under the Fishery Conservation and Man-

agement Act of 1976! provided positive economic
conditions for developing waste reduction plants. In
contrast to the past, the current era was initiated by
regulation, but the degree of development was limited
by economics.

In 1973 and 1974, three meal plants were con-
structed at Kodiak, Petersburg, and Seward. From 1975
to 1982  Figure 4!, the total annual meal production
ranged from 4,000 to 5,500 tons produced from shell-
fish, salmon, herring, and halibut. Shellfish meals
represented a major portion of the meal production,
and from 1977 to 1979 Alaska produced approximately
50% of the U.S. shellfish meal. However, this annual
tonnage was between 5% and 10% of the potential. For
example, in 1979, 2,800 tons of shellfish meal were
produced by the three plants. If all the shellfish process-
ing wastes generated in that year were required to be
converted to meal, the production would have been
approximately 26,000 tons, assuming all the crab was
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processed by section-line processing methods  Husby
et al. 1981!. By 1983, the decline in meal production
was related to a decline in the crab and shrimp fisheries,
the dumping of wastes in a defined area of Dutch Harbor
by Bering Sea crab processors, and the Kodiak plant
closure. By 1987-89, meal production increased due
to a reopening of the Kodiak plant and construction
of shore-based plants in Dutch Harbor and floating
processors with meal plants  Figure 4!.

Most of the meal  specifically from shellfish! rep-
resented products of little-known feeding and nutri-
tional value, and therefore did not demand high prices
as protein supplements in "Lower 48" markets. A
series of studies were conducted at the University of
Alaska to determine the feeding value of shellfish
meal for domestic livestock. Briefly, shellfish meals
can be supplemented at 6% of swine diets, and the
product can be improved by physical separation
 screening!. Crab meals can be included at 15% of the
concentrate mix or 7.5% of total diet dry matter in
lactating dairy cattle diets. There was no taste detect-
able in either pork or milk products. Crab meal could be
included up to 10% in beef cattle finishing diets and was
a cost-effective protein supplement for calves receiving
poor-quality grass hay. Rumen microorganisms can
degrade approximately 25% of crab shell chitin. Most
of the research has been summarized in papers by
Husby et al. �981! and Husby �987!.

Just about the time that the feeding value was
established, the shellfish fishery declined. Little shell-
fish meal is produced at present. Unfortunately, pro-
cessing regulations created a situation where the industry
produced large volumes of meal with little or no eco-
nomic value. Finfish meals  salmon, low- and high-salt
herring, and cod! have been studied as high-quality
protein supplements in early-weaned pig diets. With
the exception of limiting salmon meal to 10% of the diet,
these meals can replace most of the soybean meal.
Additional studies have established salmon meal as a

rumen bypass protein  low rumen solubility! in dairy
cattle rations. In addition, Alaska salmon meal may
only have 50% of the lysine content of salmon meal
listed in the National Research Council publication on
feedstuffs nutrient composition. Alaska herring meal
can make up as much as 2S% of high-performance sled
dog diets. Some additional uses of Alaska's fish meals
are in aquaculture diets  Alaska Dry Pellet from Icicle
Seafoods at Seward!, eel diets  white fish meal!, pet
foods  dog and cat!, fur animal diets, fertilizers  bone
meal! and as omega-3 oils for human consumption. In
Dutch Harbor, fish oils are used to fuel boilers. The
current era could be characterized as an industry
struggling with seasonal production, regulations that
are not required for all processors, and processing

Table 1. Potential meal and protein production,
assumptions.

Raw Dry meal Crude
Species waste  %! recovery  %! protein  %!
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wastes that may have some inherent, low nutrient value
 shellfish meal!. All these factors create a marginal
economic situation for further expansion in some
regions.

What does the future hold for meal production and
utilization in Alaska? The future industry in western
Alaska currently has four shore-based, 400 � 800 ton per
day meal plants and approximately 11 meal plants on
floating processors. This rapid buildup is due to the
development and Americanization of the pollock and
other white fish fisheries since 1976. The development
of these meal plants relates to a premium market for
white fish meals that have low ash content, due to

screening and to no requirement by the EPA to recover
the stickwater and return the solubles to the meal. The

resulting meal receives a premium price by Oriental eel
and fish farmers. In addition, the large volumes and
long seasons allow the processors and meal plants to
operate approximately 300 days per year.

The potential meal and protein production for
Alaska is estimated in Tables 1 and 2. Table 1 estimates

are based on assumptions of raw processing waste and
dry meal recovery percentages, and the known crude
protein content. For example, approximately 27% of
salmon is raw waste. After processing in a reduction
plant, about 16% of the wet waste should be recovered
as dry meal, and that meal would have a 62% crude
protein content. In our estimate perch and rockfish
were combined, and turbot was included under flatfish.

Potential meal and crude protein for Alaskan
species are presented in Table 2 and Figure S. The
numbers arc based on processing and the recovery of
processing wastes for the actual catch of salmon,
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Table 2. Potential crude protein from Alaskan acceptable biological catch, in tons.

Waste

crude protein
Total

crude protein Dry mealCatch*Species

254,075447,435716,6754,479,219

*Actual catch for salmon, herring, halibut, and shellfish; acceptable biological catch for all other species.

Salmon 1988 2.8/oOther s ecies 2.4/o

Rockfish 1.2 /o Herrin 1988 2.9/o

Halibut 1987 0.2/oPacific cod 13.8 /o

Sablefish 0.4 /o

Flatfish 5.2 /o

Other
flounder 4.9o/o

/////
'+ '-:::-,' ,', , ','' ,,','., ', '.'.. hellfish 1987 1.3o/o

/ / / / / / / / / / / / / /
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Arrowtooth
flounder 11.4o/o Pollock 40.5 /o

Yellowfin sole 7.3o/oRock sole 5.6/o

Figure 5. Potential crude protein of waste from the acceptable biological c atch.

Salmon �988!
Herring �988!
Halibut �987!

Shellfish �987!

Pollock

Yellowfin sole

Rock sole

Arrowtooth flounder

Other flounder

Flatfish

Sablefish

Pacific cod

Rockfish

Other species

Total

264,500

56,800

28,300

77,400

1,848,557

307,431

238,427

481,815

207,232

220,350

37,258

547,843

54,970

102,711

42,320

9,088

4,528

3,278

295,769

49,189

38,148

77,090

33,157

35,256

5,961

87,655

9,695

16,434

11,638

10,451

1,132

10,586

180,234

32,280

23,035

50,591

21,759

23,] 37

2,086

61,358

6,326

10,785

7,216

7,316

623

3,278

102,734

18,400

14,270

28,837

12,403

13,188

1,064

34,974

3,627

6,147
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herring, halibut, and shellfish, and for the current ac-
ceptable biological catch for all other species. Table 2
does not include the recent Alaska Fisheries Devel-

opment Foundation estimate for 2.1 million metric
tons of arrowtooth flounder in the Gulf of Alaska. The

total catch exceeds 4.4 million tons, with a dry meal
recovery of approximately 450,000 tons. This level
of production exceeds the 1989 U.S. production of
400,000 tons. The protein recovery on a dry basis
exceeds 250,000 tons. In Figure 5, traditional fisheries
 salmon, herring, halibut. and shellfish! would repre-
sent only 5.9% of the potential if all their processing
wastes were recovered as meal. The estimated 24,000

tons of fish meal produced in 1989 is a far cry from
the potential that would be realized with an improved
recovery of marine by-products.

In summary, our potential resource was and still is
underutilized. Potential fish meal could double the

U.S. production. If the EPA requires stickwater recov-
ery for shore-based plants in Dutch Harbor, a large
volume of meal will enter the U.S. market rather than

meet the specifications for the Asian market. With the
potential for this meal entering the domestic market, we
will be challenged to find alternative markets and uses
other than the traditional uses in livestock and aquacul-
ture diets. New and innovative processes may be re-
quired to convert this potential resource into edible
foods, and it is hoped that other presentations at this
conference may stimulate the development of new
technology.
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NORTH PACIFIC FISH
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ABSTRACT

Volume

 Million pounds!Species

2,350

255

75

67

3

57

711

Pollock

Pacific cod

Black cod

Rockfish

Dover sole

Halibut

Salmon

The seafood industry is Alaska's most diversified
industry with Alaska producing 46% of our nation's
seafood. Today, billions of pounds of pollock, cod,
flatfish, sablefish and other valuable species are
harvested by Alaskan fishermen who either deliver
their catch to shore or process at sea. Groundfish
contributes about 30% of the total ex-vessel value of
seafood off of Alaska. Salmon contributes 42%,
shellfish 19%, and halibut 6%. Although Alaska seafood
products are of high value, the waste prod-
ucts, if processed using traditional methods to produce
fish meal, will be of lower quality and value than fish
meals produced from whole fish. However, a tre-
mendous opportunity exists for producing prod-
ucts from Alaska's fishery wastes because of the
volume and availability of "fresh" wastes. Informa-
tion on the type and composition of fishery wastes
will be presented and new approaches to upgrade
groundfish wastes will be discussed.

The recent interest and investment in fish meal
plants, both shoreside and on factory trawlers, illus-
trate how rapidly the white fish industry has developed
in Alaskan waters. The landings of major species in
Alaska in 1989 are shown in Table 1  Talley 1990!.
When landings for halibut and salmon are also
included, there is a tremendous volume of fishery
wastes available for meal production. These species of
fish are handled very carefully because they are
intended for human consumption; consequently, the
waste products are "very fresh" and ideally suited for
the production of fish meal and other products.

The first step in deciding to produce fish meal

Author's address: National Marine Fisheries Service,
Utilization Research, P.O. Box 1638, Kodiak, AK 99615.
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Table 1. Landings of major fish species in Alaska.

from these fishery wastes is to look at what types of
fish meal are being produced worldwide, the compo-
sition of these meals, and what will the markets look
like in the future.

Based on the composition of three major fish
meals produced throughout the world  Table 2!, the
average protein content is about 67%, average ash
content is 16%, average oil content is 9%, and average
moisture content is 8%  Allen 1979, Windsor and
Barlow 1981!. Table 3 illustrates the composition of
meals produced directly from Alaska's major fishery
resources: white fish  cod, pollock! and salmon. The
composition of these meals compares favorably with
the traditional fish meals. However, the ash content
may be slightly higher and the protein content, espe-
cially for salmon meal, may be slightly lower. Also,
Table 3 illustrates the composition of higher quality
meal. The market demand for this type of meal is
growing because of the rapid growth of mariculture
and aquaculture. Thus, knowing the makeup of the

fishery wastes and the composition of each part of the
fish may be helpful in selecting those parts of the
waste to produce a higher quality meal.

Undoubtedly, the various parts of the fish carcass
used to produce fish meal may affect the composition
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Herring Anchovy Menhaden
 Norway!  Peru!  U.S.!

Salmon White fish High quality

62-64 75-78

23-25 12-15

6 � 8 5 � 10

6 � 8 7

Protein

Ash

Oil

Moisture

61-66

16-22

8 � 12

7 � 9

Protein

Ash

Oil

Moisture

72

12

8

8

66

15

10

9

62

20

10

8

Table 4. Weight ratios of body parts  percents! for pollock and Pacific cod.

Pollock Cod

Babbitt �982! Kizevetter �971!

15.6 � 29.4

2. 1 � 4.6

Kizevetter �971!

15.3 � 29.6

Part of body

Head

Gills

22.0

Viscera

Liver

Gonads

13.9 8.6 � 32.4

1.6 � 10.0

3. 1 � 19.6

10.4 � 28.3

3.2 � 6.0

8.5 � 24.6

2.5 � 9.2

6.0 � 15.4

6.9 � 19.1

1.3 � 8.9

5.6 � 10.2

24.5Frame

Fins and tail

Column

Skin 6.5 � 16.4

28.9 � 38.6

4.5 � 8.6

38.7 � 44.7

9.4

Fillet 30.2

Kizevetter Crapo et al.
�971! �988!Part of body

10.9 � 15.4

2.5-3.0

Head

Gills

14 � 16

Viscera

Eggs
Liver

6.4 � 16.3

5.0 � 10.0

1.5 � 3.8

6 � 16

5.3 � 9.4

3.3 � 6.6

2.0-2.8

Frame

Bones

Fins and tail

6 � 12Skin 3.5 � 9.5

53.4 � 61.3Fillet 41-46

Table 2. Percent composition of commercial fish
meals.

Table 5. Weight ratios of body parts  percents! for
pink salmon.

Table 3. Percent composition of salmon and white
fish meal  Pacific cod and pollock!.

of the meal. Tables 4 and 5 illustrate the parts of white
fish or salmon that would be used to produce fish meal.
The composition of the meal will be affected by the
type of processing being used  i.e., hand or machine
filleting, heading and gutting, roe extraction, etc.! and
the time of fishing. For example, the liver may make
up as much as 10% of the weight of the pollock during
the summer months when the fish are actively feeding.
During spawning, the gonads  roe or milt! of pollock
may make up as much as 19% of the weight of the fish.
It is important to note that the wastes from salmon
processing, the head and viscera, constitute from 17%
to 32% of the weight of the fish.

Table 6 illustrates the proximate composition of
the various parts of fish carcasses for Pacific cod,
pollock, and salmon wastes. Salmon heads are a good
source of oil, and it was common practice until a few
years ago to render the oil from the heads and add it
back to canned salmon during processing.

Probably the most important factor affecting the
composition of thc meal is how the fish wastes are

processed. For example, if pollock carcass wastes are



Table 6. Proximate composition  percents! of fishery wastes.

MoistureOilProtein Ash

Pacific cod

Crawford et al. �972! Hand
Crapo �988! Hand

Machine

78.9

79.5

79.4

2.1

1.7

2.0

4.3

3.9

3.8

15.6

14.3

14. 1

81.3

82.0

74.8

81.1

45.0

80.4

81.8

1 1.3

12.5

13.8

13.6

8.2

15.9

18.0

3.0

1.9

8.9

1.4

40.1

0.7

0.3

3.6

3.7

2.7

4.9

0.8

3.3

0.9

Salmon

Crapo �988! Head
Kizevetter �971! Head
Crapo �988! Viscera
Kizevetter �971! Viscera

67.3

65.1

80.5

76.0

15.8

17.5

2.5

4.0

13.3

15.0

16.2

18.0

4.2

3.6

1.6

2.0

Fillet waste,

100 pounds
Meal,

28.3 pounds Percent

Without screen With screenPounds PercentPercent

67-69

16-18

6 � 8

6 � 8

62-64

23-25

6 � 8

6 � 8

Protein

Ash

Oil

Moisture

Protein

Ash

Oil

Moisture

49

11

32

8

14 3

9 2.3

14

3

9

74

Pollock

Crapo �988! Hand
Machine

Babbitt �982! Hand
Head

Viscera

Frame

Skin

Hand = hand filleting; Machine = mechanical filleting.

Table 7. Converting pollock waste directly to meal.

dried directly in a drier to a moisture content of 8%,
then the meal would consist of 49% protein, 32% oil,
and 11% ash  Table 7!. Although the recovery is very
good, the meal would not be considered of very high
value based on the low protein content and high oil
content which would be very unstable.

It is difficult to follow the materials flow of
reported meal processes because the solids content is
not broken down into protein and ash components.
However, using a hypothetical case, it is possible to
speculate on how processing affects the composition
of white fish meal. In Figure 1 pollock fillet waste is
ground or broken up and heated  or cooked! to at least
195 F  90 C! to coagulate the proteins. Then, the
cooked waste is passed through a screw press or

International By-Products Conference 4I

Table 8. Use of a screening system to upgrade white
fish meal.

decanter centrifuge or both. In this flow scheme, 28
pounds of presscake with a moisture content of 55% is
recovered after centrifugation. Since it is known
that the ash content of the meal ranges from 22% to
24%, it is presumed that most of the ash or bone stays
with the presscake. Some ash, however, is in the press
liquor; Allen �979! reported that 50% fish solubles
contain 10% ash. If the press liquor is discarded, then
the recovery of meal from white fish wastes will be
14%. Recovering the press liquor and adding it back
to produce meal could theoretically increase the re-
covery to 20%. This step is expensive because a large
amount of water must be removed: 72 pounds of press
liquor must bc evaporated down to 11.6 pounds to
produce 50% solubles. Recent research in this
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Fillet Waste  Carcasses!, 100 Pounds
Protein- 14'/0
Ash- 3'/0
Oil- 9'/o
Moisture- 74'/0

Cooked

Screw Press andlor Decanter Centrifuge

Press Cake, 28.0 Pounds
Pounds Percent

8.8 31
30 11
0.8 3

154 55

Liquor, 72 Pounds
Pounds Percent

5.2 7

8.2 11
58.6 82

Press

Protein-
Ash�
Oil-
Moisture�

Protein-
Ash-
Oil-
Moisture�

Centrifuge to Remove Oil, 7.6 Pounds

Protein-
Ash-
Oil-
Moisture-

Protein-
Ash�
Oil-
Moisture-

Meal, 20 Pounds
Pounds Percent

14.0 70
30 15
1.4 7
1.6 8

Protein-
Ash-
Oil-
Moisture�

Figure l. Meal fi om pollock fillet waste  hypothetical!.

of bone fragments, the screens can be changed to
achieve the desired composition of meal. By
separating out the bone, a higher quality fish meal
can be produced and the bone meal can be sold to
targeted markets as well.

In conclusion, I would like to mention that it may
be possible to use other techniques to improve the
quality of white fish meal. Last year, our staff
evaluated the use of a mechanical meat separator to

debone pollock fillet waste before processing the

area has concentrated on reducing production costs
and developing new products for more specialized
applications  Fosbol 1988!.

In 1988 our staff and Dan James of Kodiak

Reduction Inc. looked at the feasibility of using a
screening system between the drier and meal grinder to
remove some of the bone, thereby increasing the
protein content of the meal. A Gyra-Vib vibrating
separator was used and, indeed, the composition of the
meal was improved  Table 8!. Depending on the size

Solubles �0/o!, 11.6
Pounds

5.2

0.6
5.8

Pounds
Percent

45

5
50

Meal, 14.0 Pounds
Pounds Percent

8.8 64
30 22
0.8 6
1.1 8
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Pounds Percent

Protein

Oil

Ash

Moisture

Table 9. Carcass wastes from Baader 182 filleting
machine and Model 51 skinning machine.

100 Pollock, weight = 129 lb

Heads, viscera, backbones 93.6 72.6
Skin 2.8 2.1
Fillets 25.3

Table 10. Effects of a deboning process on the
composition of fish waste.

Percent

Before deboning After deboning

13.8 �4.3! 12.0 �8.4!
8.9 �5.0! 11.0 �4.4!
2.7 �0.7! 1.8   7.2!

74.8 75.4

Values in parentheses expressed on dry weight basis.

waste into meal. In this study, 100 pollock were
weighed and passed through a Baader 182 filleting
machine and Model 51 skinning machine. The
heads, viscera, backbones, and skin represented 74.7%
of the weight of the fish  Table 9!. The waste products
were ground through a 12.5 mm plate and fed through
a Brown finisher with a 5 mm screen opening. The
results of the deboning process are shown in Table
10. On a dry weight basis, over 30% of the ash was
removed. If the deboned waste material behaves as
expected during meal production, then it may be
possible to produce a very high quality meal
consisting of 75% protein, 12% ash, 6% oil, and 7%
moisture.
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Service, NOAA.
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QUESTION AND ANSWER

Q. What type of a deboner did you use?
A. A Brown finisher. It's used in the citrus and tomato

industries as a pulper/finisher to remove pulp from
the juice. It has two or three blades inside depend-
ing on the model, and has a screen on the outside.
The rotating blades force the material through the
screen. Depending on the size of the screen and the
speed of the blades, you can get any type of product
you want. It has good application in the surimi
process too, being very similar to a Japanese refiner.





OVERLOOKED OPPORTUNITIES:
A CREATIVE APPROACH TO SEAFOOD UTILIZATION

Rae McFarland

Diamond Stainless

Herriman, Utah

1956 - Processed fish meal from mullet  suckers!.

Why am I doing what I'm doing? First I am a
committed, disciplined missionary dedicated to passing
on the good message. There is an abundance of
underutilized resources from which good food will be
produced.

There is little waste; there is only ignorance. Igno-
rance can be overcome through change. Some of the
forces that have an impact on change are: practical
experiences first and foremost, though political beliefs,
level of education, and religious background are also
important. Change is always a challenge to the short
term; it has a greater impact on our future.

I have a long history in the meat, poultry, and
seafood industries:

1937 - Carp rendering plant, family business.

1950 - Boned turkey for U.S. government school lunch
program.

1954 - Made first poultry sausage.

1969 - Built and sold first seafood processing equip-
ment to Europe.

1978 � Processed and sold carp mince to Singapore.

I am fulfilling some of my dreams about having
good food for everyone. I first became involved in the
meat, fish, and poultry industry in 1950. That was the
beginning of the era of further processed poultry. The
U.S. government had large surpluses of turkey. Com-
panies contracted to bone the turkeys for the school
lunch program. Some turkey loaves, sausages, and ham
were produced.

It wasn't until 1954 that I first learned how to make
good poultry sausages from a German sausage maker.
He produced kosher-style sausages in Israel as early as
the 1930s. Later, in the 1960s, my background in food

Author's address: Diamond Stainless Inc., 84 Hi Coumry Rd.,

Herriman, UT 84064.
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processing helped me. I built and sold my first Beehive
meat separating machine to Findus in Europe. From that
early research to the present, I hold 21 patents related to
novel food processing. Beehive equipment was sold
and installed in more than 20 successful seafood and
3,800 meat processing plants worldwide.

Between 1950 and 1986, I continuously experi-
mented with fish equipment. I came to the realization
that meat processing, poultry further processing, and
surimi analog all use basically the same technology. By
this time, I recovered a wide range of red-meat poultry
food materials. Particularly, seafood materials have not
been fully utilized by either European or Japanese fish
processing systems. I have been working to develop
Amerimi technology  full utilization of seafood protein!
since that time.

One of my greatest opportunities has been to serve
with the Alaska Fisheries Development Foundation. I
reached those interested in the Amerimi technology. I
have learned much over those many years � and I'm still
learning.

The opportunities that I see in the fishery recovery
area will require open-mindedness and a new way of
thinking. It will require change in our systems and
equipment. Space-age technology can convert frames,
bones, heads, and other parts and portions of the marine
environment.

Chicken salad topping and Chicken Alaska, which
use basic Japanese analog technology with poultry in-
gredients like broth, stocks, and fat, are made with
Amerimi. Refined technology now produces pizza
sausages and Spicy Bites using the surimi technology.
A low-fat, palatable product produced using this tech-
nology is now being sold.

Atheresthes stomias  arrowtooth flounder! fillets
recovery is one example. We inject enzyme inhibitors
into the fillets, derived from meat, poultry, and marine
flavorings. Two of the most interesting flavored fillets
are the Alaskan Icy White fish fillets � halibut or salmon.

A wide range of foreign seafood processing ma-
chines don't process heavy bones successfully. Appar-
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ently foreign seafood processors want to develop prod-
ucts they can sell in their markets. To better use these
materials, a method of producing high-quality salmon
and halibut minces has been developed. A wide variety
of products, including pate, is packaged.

Now chicken salad topping, Chicken Alaska, Ital-
ian Medallions, Spicy Bites, and halibut injected and
marinated fillets are marketed.

To fully utilize any food resource, you must look to
many disciplines for knowledge and information. As a
director of AFDF, and through other organizations, I
have found information making connections between
other industries that will broaden our ideas about what

is possible. I believe that the basic principles under
which we operate are common to all disciplines. These
principles are:

l. We must use our resources fully and responsibly.

2. The imagination is the most powerful tool we have.

3. Change! Now.

What opportunities are available for Alaska in by-

product recovery'? Using an innovative bycatch and by-
product processing system like a Diamond Stainless,
Inc. M3 system, more and more surimi and Amerimi
will be produced. However, vast quantities of second-
ary by-products remain to process: bones, heads, etc.,
which will convert into a number of food products.

CONCLUSION

Beware of feeling that you know anything for sure.
You have to discover solutions and keep discovering
them. You must recognize that fact and act on your
intuition, or your company will die. In 1950 poultry
consumption in the United States was lower than sea-
food is in 1989, but poultry consumption surpassed beef
as a muscle food. Seafood passed the 15 lb per person
benchmark in 1990. I predict seafood will be the
equalizer in muscle food for the next 30 years. Con-
sumption of seafood will be 40 lb per person. Seafood
will be eaten as mince, surimi, soup, flavoring, and
specialty, red-meat poultry seafood.



ANIMAL, POULTRY, AND MARINE PROTEIN:
A COOPERATIVE MARKET APPROACH

Frank A. Burnham

Render Magazine
Riverside, California

This symposium presents you with a multitude of
facts and figures about the fish meal industry, the world
markets for fish meal, and the competing vegetable
animal, poultry and marine protein meals.

My purpose is not to add to this body of information
but to discuss a philosophy, which came to mind soon
after creating Render Magazine l8 years ago and be-
coming familiar with the rendering industry.

Rendering is what we are all talking about. It makes
little difference if the final product is fish meal, meat
and bone meal, feather meal, or poultry by-product
meal, the process is the same. We grind, we cook, we
dry, and we grind again. In fact, much of the technology
that has in recent years been introduced into the red-
meat rendering plants actually was developed by the
fish rendering industry.

Fish oil, edible and inedible tallow, lard, and choice
white grease all are rendered products as are fish meal,
blood meal, poultry by-product meal, feather meal, and
meat and bone meal.

The processes, the plants, the owners and operators,
and the regulatory agencies all face the same opera-
tional, management, and environmental problems.
And they also look to the same marketplace to dispose
of their finished products.

As I first became familiar with the red meat seg-
ment of this industry � when poultry rendering as a
segment was still rather small I found that a wide
chasm lay between the independent renderers, the packer
renderers, and the fish renderers. Packer renderers are
those slaughterhouses and packing houses that choose
to render their own raw material rather than sell to the
local independent renderer.

The suggestion that all would benefit if all worked
together to find solutions to common problems, to
develop new products, and to open up new markets for

Author's address: Kender Maga ine, P.O. Box 7595,
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rendered products was met by a resounding "hell no!"
The packer and independent segments of the industry
long had been enemies and the idea of participating in a
partnership was foreign to them.

Then came the environmental movement. Sud-
denly, independents and packers alike were faced with
huge capital expenditures for air and water pollution
control systems. Public clamor whipped up the specter
of regulatory decisions that would not encourage con-
tinued profitable business. Under the leadership of
veteran Rocky Mountain renderer Jordan Heller � who
had succeeded to chairmanship of the National Renderers
Association � the NRA closed the breach and actively
solicited packer renderers to join the association. The
idea was to pool their efforts and financial wherewithal
in a cooperative program wherein operational informa-
tion would be shared, much greater political muscle
could be brought to bear in dealing with regulatory
agencies, and new markets could be developed, taking
the edge off the often bitter competition between the two
segments.

The effort had barely gained headway when the
poultry industry began its skyrocketing growth, and
another major segment was added to the rendering
industry. Meanwhile, fish renderers continued to ply
their trade as a separate group.

That's where we still find ourselves today � the
independent red-meat renderers, the packer renderers,
the poultry renderers, and the fish renderers largely
going their individual ways, fighting their individual
battles with environmentalists and the regulatory
agencies, and duplicating efforts in terms of time and
money to solve mutual operational and technical
problems.

The million dollar question becomes, "Why?" The
simplistic answer that willbe advanced by many render-
ers representing the major industry segments is: "We' re
competitors!" Let us sit back and consider that for a
moment.

Do not Boeing and McDonnell Douglas, together


