
International By-Products Conference 105
April 1990, Anchorage, Alaska

EFFECTS OF PROCESS PARAMETERS AND RAW MATERIAL
FRESHNESS ON FISH MEAL QUALITY

Bjorn Marki
Stord International A/S

Bergen, Norway

Table 1. Influence of refrigerated seawater and
handling of fish with seawater on fish meal
composition.

Fish offal

65 kg plus
RSW, seawater

Fish offal

~65 k
kgkg

1. Heating to coagulate or denature the proteins. The
fats and water are hereby released, and the digest-
ibility of the protein is somewhat improved.

Raw material

Protein

Fat

Ash

Moisture

9.5 14.6 9.5 14.5
4.9 7.5 4.9 7.5

2.1 3.2 2.5 3.8

48.5 74.7 48.5 74.2
2. Mechanical liquid-solid separation by twin screw

pressing. The oil and water phases  containing
water soluble proteins as well! are separated from
the solid phase  presscake!. The presscake will
contain 40% � 55% of the solids.

Total 13.7

Presscake fish meal

Protein

Fat

Ash

Moisture

4. Evaporation of the water from the stickwater in
evaporators, which normally are multi-stage or
mechanical vapor recompression  MVR! evapora-
tors. Energy sources might be live steam, waste
heat, or electricity.

6.9 67.0 6.9 65.7

0.7 6.7 0.7 6.7

1.9 1 8.1 2.0 19.0

0.8 8.0 0.8 7.6

10.3 10.5Total

5. Drying of presscake and stickwater concentrate.
The drier is normally an indirectly heated steam
drier, direct flame drier, or indirectly heated air
drier. Drying is the process step that most affects the

protein quality. Fish proteins, as other proteins, are
affected when exposed to high temperatures for long
periods. This affects the nutritional value, especially
important when fed to fry and juvenile fish and other
animals. Extensive work has been carried out by the
Norwegian Herring Oil and Meal Research Institute
 SSF! to establish the relationship between the bio-
logical values of the fish meal and drying conditions. A
condensed conclusion of their work follows:

The selection of equipment and process parameters
in the different steps will, along with the raw material
quality and utility or energy supply, decide the product
quality and the production costs. The optimum condi-
tions vary from processor to processor.

Author's address: Stord International A/S, C. Sundtagt 29,
P.O. Box 777, N-5001 Bergen, Norway.

Production of fish meal and fish oil is technically a
process in which the water phase, the oil phase, and the
protein phase are separated by several unit operations.
The raw materials are fish or fish offal, such as heads,
frames, liver, and viscera.

The main design of the fish meal process has
changed very little over the last decades  Figure 1!. The
five steps of the process are:

3. Separating the oil and the particles from the liquid
phase by subsequent treatment in decanter centri-
fuges and centrifuge separators. The water phase is
now called stickwater and contains 6% � 10%
soluble proteins, minerals, salt, etc.

Whole fish meal

 presscake and solubles!
Protein 9.5

Fat 1.0

Ash 2.1

Moisture 1.1

70.0 9.5 66.9

7.4 1.1 7.7

15.6 2.5 17.6

8.0 1.1 7.7

14.2
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Figure t. Basic process for producing fish mea!.

~ When the product temperature can be kept below
70'C during the drying process, long drying time
affects the protein quality very little.

~ Very short drying time   l � 10 minutes! allows ex-
posure to high temperatures without significant
reduction in protein quality.

Raw material freshness is a factor of the greatest
importance if a producer wants to make premium-
quality fish meal and fish oil. Enzymatic and bacte-
riologic activity in the fish and fish offal can rapidly
decrease the content and quality of the protein and oil.
High content of free fatty acids in the fish oil reduces
the price. Protein decomposes to amines and ammonia,
and both reduce the protein value and recovery of
protein. Freshness of raw material for fish meal pro-
duction is normally measured in total volatile nitrogen
 TVN!. Premium quality fish meal requires raw mate-
rial with less than 40 mg TVN per 100 g going into the
process.

Handling of raw material is a very important step in
preserving freshness. The biological activity in the fish
depends on the season � during the feeding season the
activity is high, and it will continue post mortem and
lead to rapid decomposition and quality decrease of the
raw material. Mincing of the raw material prior to
storing should therefore be avoided. Cooling and icing
of raw material will normally slow down the biological
decomposition. Handling of fish and fish offal with
seawater and refrigerated seawater storage will in-
crease the salt content in the raw material going to the
fish meal plants, as seen in Table 1. Table 2 shows
raw material and fish meal composition at different
recoveries.

Conversion of heads, frames, etc. into fish meal and
fish oil can represent a 100% utilization of fish pro-
cessed for human consumption. Between 30% and 40%
of the fish is utilized for fillets, surimi, etc. The rest is
raw material for fish meal and fish oil... or pollution
potential!
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Table 2. Composition and recovery of raw material and fish meal, based on 100 kg pollock.

Fish offal

60 kg
Fish offal

65 kg
Fish offal

70 kg
Whole fish

100 kg
kgkg kg

16.0 16.0 10.5 15.0 9.5 14.6 8.6 14.3
5.0 5.0 4.9 7.0 4.9 7.5 4.9 8.2
2.4 2.4 2.1 3.0 2.1 3.2 2.0 3.3

76.6 76.6 52.5 75.0 48.5 74.7 44.5 74.2

10.5 70.8

1.0 6.9

2.1 14.2

1.2 8.1

14.8Total

63.8

6.4

21.3

8.5

7.6 67.2

0.8 7.1

2.0 17.7

0.9 8.0

11.3Total

*Includes process water and refrigerated seawater  RSW!.
Note: 65 kg of offal means that 35 kg is recovered for fillet, surimi product, etc.; 60 kg of offal means that 40 kg is

recovered.

Q. Do you have the same information that you gave us
on pollock for herring?

A. Yes, of course. But I didn't bring it with me.

Q. You showed data on pollock held in refrigerated
seawater. It looks like the ash content was only
increased 1%. Could we just assume then that 1%
was attributed to the sodium chloride in the bottom?

QUESTIONS AND ANSWERS

Q. How do you measure the effect of drying tempera-
ture and time on fish meal quality'? I mean the nutri-
tional factors.

A. With trace materials added with the fish into the
drier, and then measuring concentration and time.
Digestibility has been measured using salmon and
also mink. A. Sodium chloride, yes.

Q. Would some of the soluble ash go over into the
stickwater, and more of the salt go into the meal
made from the presscake, and make the salt con-
tent higher? Can we assume that you' re just going
to get 1%?

Q. You mentioned that the use of less than good raw
material is undesirable. What's the consequence of
using lower quality raw material and then feeding it
to fish, or to other animals? Are there any health
consequences?

A. In the presscake, no, the salt content is not much
higher. It's just slightly higher.

Q. You mentioned that the direct flame drier may be
damaging to some of the protein content. If you had
a plant using a flame drier at one stage, and followed

A. No, it's mainly the consequence of a lower bio-
logical value. You have a lower digestibility of
fish meal when the raw material quality is low.
The digestibility ol' the protein is lower when you
are using bad raw material.

Raw material

Protein

Fat

Ash

Moisture*

Whole fish meal

 presscake and solubles!
Protein

Fat

Ash

Moisture

Presscake fish meal

Protein

Fat

Ash

Moisture

16.0 78.0

1.4 7.0

2.4 1 1.7

1.6 8.0

20.5

12.0 71.4

1.2 7.0

2.3 13.4

1.3 8.0

16.8

9.5 70.0

1.0 7.4

2.1 15.6

1.1 8.0

13.7

6.9 67.0

0.7 6.7

1.9 18.1

0.8 8.0

10.3

8.6 69.0

0.9 7.0

2.0 16.0

1.0 8.0

12.5

6.0

0.6

2.0

0.7

9.4
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it with a lower temperature drier, would the flame
drier do as much damage if the raw material in
that stage was staying at a higher moisture content,
and then doing the finishing stage in a low tem-
perature drier, or an indirect heated drier?

A. I don't think so. I don't think the flame drier will
harm the protein much, as long as the moisture

content is high. The finishing stage would be the
stage influencing protein quality. The only risk is
when you have amines like trimethylamines, or
dimethylamines. With the flame drier you will
have nitrogen oxides. It will go into a reaction with
the amines and produce undesirable nitrosamine
components.
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INTRODUCTIONABSTRACT

Fish meal, fish oil, and novel fish by-products, such
as fish silage, are marine by-products upon which the
aquaculture feed industry depends. Aquaculture pro-
duces approximately 18% of the global production of
seafood and a growing percentage of that production is
from semi-intensive and intensive production, which
require substantial amounts of feed.

In 1988, aquaculture used an estimated 700,000 mt
of fish meal and 190,000 mt of fish oil, which repre-
sented 10% and 6% of world production, respectively.
By the year 2000, the needs of aquaculture for fish
meal and fish oil are expected to double, while world
production is expected to remain constant. Demand for
high-quality marine products in aquaculture feeds is
expected to increase, as economic and environmental
concerns will demand more efficient conversion of
feeds to fish production.

Several quality indices are currently used to differ-
entiate various marine by-products in the marketplace,
but the relevance of many of these indices to nutritional
value in aquaculture feeds is questionable. These
indices, which are often used to develop specifications
for marine by-products, are reviewed and discussed in
relation to their real or imagined value for predicting
nutritional quality. Problems and pitfalls in evaluating
marine by-products by laboratory and field testing in
feeding trials are also discussed.

Authors' addresses: R.W. Hardy, Northwest Fisheries Center,
2725 Montlake Blvd. East, Seattle, WA 98112; T. Masumoto,
School of Fisheries, WH-10, University of Washington,

Seattle, WA 98195.
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Aquaculture feeds represent a growing market for
marine by-products, primarily fish meal and fish oil.
Approximately 700,000 mt of fish meal and 190,000 mt
of fish oil, representing 10% and 6% of world produc-
tion, respectively, were used in fish feeds worldwide in
1988. By the year 2000, the consumption of fish meal
and fish oil by the aquaculture industry is expected to
double, while world production of fish meal and oil is
expected to remain constant  Barlow 1989!. Thus, in 10
years, aquaculture feeds could consume 20% of the
world production of fish meal and 12% � 15% of world
production of fish oil. Substitution of plant protein
sources for fish meal in poultry feeds and more efficient
utilization of fish processing waste are two ways that a
shortage of fish meal might be avoided. Another possi-
bility is an increase in the use of alternate protein
sources for fish feeds, although use of plant protein
sources will result in an increase in solid waste output of
fish farms, and this may be an unacceptable practice in
some areas. The types of fish meal used by the aquac-
ulture industry are also expected to change during the
next decade. Demand for high-quality marine products
in aquaculture feeds is expected to increase, as eco-
nomic and environmental concerns will require more
efficient conversion of feeds to fish production.

Fish meal and fish oil are the principal ingredients
in feeds of many important species of farmed fish and
shrimp. Carnivorous finfish raised in aquaculture
require feeds containing more than 40% protein  Wilson
1989!. Commercial salmon feeds contain approxi-
mately 50% protein, while the diets of eel and yellowtail
contain 45% protein.

Trout feeds contain 35% � 44% protein. Trout feeds
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generally contain a minimum of 25% fish meal, while
the feeds of salmon, yellowtail, and eel contain over
50% fish meal. In terms of worldwide use in 1988,

shrimp feeds accounted for 28% of the fish meal used in
aquaculture feeds, while feeds for the carnivorous fin-
fish accounted for 68% of the fish meal used in aqua-
culture feeds. Geographically, Asia consumed 55% of
the fish meal, North America consumed 10%, and Eu-
rope consumed 31% of the fish meal used worldwide in
aquaculture feeds in 1988  Barlow 1989!.

Fish oil consumption in aquaculture feeds follows
a pattern similar to that of fish meal consumption, with
the exception that very little fish oil is used in feeds for
omnivorous fish, such as catfish and shrimp. Fish oil is
an excellent source of concentrated dietary energy and
also contributes essential fatty acids to the diets of the
fish. Omnivorous fish do not require high levels of
energy in their diet, possibly because their dietary
protein requirement is also low in comparison to that
of carnivorous fish. The dietary protein to energy ratios
for carnivorous and omnivorous fishes are similar, but

the dietary levels of each are different. Feeds for
Atlantic salmon typically contain fat levels over 22%,
while feeds for Pacific salmon generally do not exceed
18%. Fat levels in trout feeds are usually kept below
14% to prevent accumulation of fat in the viscera of the
trout. Catfish feeds contain 2% � 3% added fat. In

Japan, dietary fat levels of over 30% are being tested
with yellowtail with good results. Eel diets generally
do not contain fat levels above 15% � 16%  Arai 1989!.

The purpose of this paper is to discuss trends in the
use of marine by-products in aquaculture feeds and to
review the specifications used to select suitable marine
by-products for use in various aquaculture feeds. The
relevance of the specifications used to establish grades
of fish meal to the actual nutritional value of the meals,

and the problems and pitfalls associated with field
testing in fish feeding trials are also discussed.

TYPES OF FISH MEAL

The major fish meal manufacturing countries in the
world are Peru, Chile, Norway, the United States,
Japan, Iceland, Denmark, and South Africa. In some
countries, fish meal is made from whole fish, while in
other countries, fish meal is made from fish processing
waste. The leading fish meal exporting countries in
recent years have been Chile, Peru, and the United
States. Many countries with growing aquaculture in-
dustries, such as Norway, Japan, and Canada, use more
fish meal than they produce and have become importers
of fish meal. The types of fish meals produced by the
major exporting countries are listed in Table 1.

Fish meal production varies from year to year in

Table 1. Types of fish meals produced by fish meal-
exporting countries.

Country Type s! of meals

USA Menhaden, mostly FD, in South
SD available at a premium

Pollock  white fish meal! in Alaska
Herring, mostly SD
Anchovy
Anchovy and horse mackerel, FD

and SD

Pilchard

Herring and capelin, all LT
Sardine

Canada

Peru

Chile

South Africa

Norway, Iceland
Japan

FD = Flame-dried, SD = Steam-dried, LT = Low-

temperature dried.

various countries. Chilean fish meal production in-
creased 23% from 1988 to 1989, although worldwide
fish meal production increased only 3%, according to
the International Association of Fish Meal Manufac-

turers. During the same period, production increased in
Norway, remained constant in Peru, and decreased in
Iceland, Denmark, South Africa, and the United States.
Despite increases and decreases in fish meal production
in various countries, worldwide production is expected
to remain relatively constant during the next decade.

Fish meal is categorized in most countries based on
protein content, with higher value going to fish meals
with higher than average protein contents. In Norway,
a system of fish meal grading has been in existence for
about 20 years  Opstvedt 1989!. This system grades fish
meals into six categories, five of which are used in
animal and fish feeds. Of the five fish meals used in

feeds, four are considered special quality fish meals.
The specifications of three of them are shown in Table
2. The production of special quality fish meals in
Norway during the past decade has increased greatly,
with most of the products being used in salmon feeds.
The price differential between the three grades of fish
meal used in fish feeds is about 12% for each increase in

quality. In other words, the highest grade of fish meal
used in fish feeds, Norse LT-94, costs about 25% more
than regular fish meal, and about 12% more than
NorSeaMink. Differences in manufacturing proce-
dures and quality of the raw material used to make fish
meal, plus the results of chemical tests done on each
batch of fish meal, determine the grade the fish meal
receives. Obviously in Norway there is an economic
incentive to produce the higher grades of fish meal.

The quality of fish meal produced in the other major



Table 2. Specifications for Norwegian special-quality fish meals.

Norse LT 94RNorseEePNorSeaMink"Category

6 � 10

68

11.5

S � 8

66

5 � 10

70
Moisture  %!
Protein  %!

Fat  %!

Ash  Max. %!
Salt  Max. %!
Water-soluble protein  g/16gN!
NH,-N  g/16gN Max.!
Protein digestibility  %!'
TVN  mg/100g!

Approximate price  NKr/kg!-'

20
3.0

32

0.18

90.0

<40

3.0
12

0.180.18

<90<90

4.604.10

'Measured using adult male mink.
'NKr = Norwegian kroner

PROTEIN SPECIFICATIONS

exporting countries has been variable in the past, but
efforts are now under way in all of these countries to
increase the quality of their meals. In Chile, for ex-
ample, most of the fish meal made in the past was
flame-dried, and emphasis in the plants was placed on
percent recovery from the landed amount of fish. In
other words, managers were paid more if they increased
the amount of fish meal they made from the starting
material. This operating practice sometimes resulted in
an inferior quality product due to the poor-quality raw
fish, the use of blood and other spoiled material found in
the bottom of fish pits, the use of "aged" fish solubles,
and the improper operation of the flame dryer. Today,
most Chilean fish meal manufacturers are producing
high-quality fish meal. Changes in equipment and
operating practices and aggressive quality control prac-
tices have all contributed to the improvement in fish
meal quality. The other fish meal exporting countries
have, for the most part, made changes similar to those in
Chile. Nevertheless, it is still possible to purchase
inferior-quality fish meal on the world market.

OTHER MARINE BY-PRODUCT PROTEINS

In Alaska, those wishing to produce protein sources
from marine by-products must confront the problems of
a high bone content in the starting material, which is
often filleting waste, and a variable supply of raw
material throughout the year. Producing fish hydroly-
sates is one way to overcome these problems. Once
hydrolysates are produced, they can be stabilized, and
concentrated or dried, depending upon their intended
usc. Products made from fish hydrolysates include fish
silage, liquefied fish, and their concentrated, dried, or
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co-dried derivatives  Hardy et al. 1983; Hardy et al.
1984; Stone and Hardy 1986!. The value of fish hydro-
lysates and their derivatives depends upon their nutri-
tional quality and protein content, both of which are
subject to variability depending upon the production
steps used in their manufacture  Hardy 1987; Stone and '
Hardy 1989; Stone et al. 1989!. Potential uses of these
products are as ingredients in aquaculture feeds, pet
feeds, in starter feeds for swine, and in milk replacers
for cattle.

COMPETING PROTEINS IN AQUACULTURE

Products that can be used as protein supplements in
animal and fish feeds must have nutritional or price
advantages over competing alternative ingredients,
most of which are established articles of commerce.

Generally, competing protein supplements are produced
from animal processing by-product or from the oil seed
residue remaining after oil removal  Table 3!. There are
good reasons why these feed ingredients are competing
alternate protein sources rather than commonly used
feed ingredients, and most of these reasons involve
nutritional value. However, the situation with these
ingredients is not static, and new manufacturing meth-
ods coupled with advances in research may change the
relative nutritional value of alternate feed ingredients,
making them more competitive with fish meal and
protein supplements of marine by-product origin.

Specifications for fish meal and protein sources
made from marine by-products used in aquaculture
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Table 3. Alternate protein supplements to fish meal for use in aquaculture feeds.

CommentsIngredient

High protein digestibility in best quality
Variable quality among producers

Poultry by-product meal

Variable quality among products
Sometimes high in ash

Palatability problem in Pacific salmon fry and fingerlings
Must be heated sufficiently to destroy trypsin inhibitors

Acceptable up to 15% � 20% of the diet of Pacific salmon
Contains high levels of phytic acid

Variable quality depending on manufacturing conditions
Palatability problem with some products in fry and fingerlings
High moisture content prevents long-distance shipping

Meat and bone meal

Soybean meal

Canola meal

Fish silage

�0 %

�5%

! 10%

�0%

�30 mg%

Moisture

Protein

Fat

Ash

Total volatile nitrogen  TVN!

Minimum Preferred Maximum

�0% 10%

67%

5 � 6% 10%

18% 20%

Moisture

Protein

Fat

Ash

65%

Average+ SD

Moisture

Protein

Fat

Ash

6.4+ 1.0

64.9+2.1

7.6+0.7

18.9+1.9

vary with the country importing the product and with
the intended use. For example, a major manufacturer of
fish feed in Japan uses the specifications in Table 4 for
white fish meal used in their products. Contrasting
these brief specifications with those required to produce
quality fish meals in Norway shows that these specifica-
tions are not very detailed. The specifications given by
one of the major trading companies in Japan for im-
ported white fish meal is slightly more detailed as in
Table 5.

In addition, the specifications read that meal should
be packaged in 35 kg bags, with an over-pack of 150 g.
As much as 60% to 70k of the meal must be in the

particle size range of 30 to 60 pieces  grains! per square
inch. Anti-oxidants must be added to the product prior
to drying to ensure a level of 150 ppm in the final meal.
How do these specifications compare to white fish meal
produced at sea by one American surimi vessel? Testing
of eight batches of meal from a vessel showed that some
variation existed from batch to batch  Table 6!.

Obviously, this meal  Table 6! would not meet the
specifications for ash listed in Tables 4 and 5 for white
fish meal destined for use in aquaculture feeds in Japan.
Screening the product coming out of the dryer will
reduce the ash content by at least 4% � 5%, thereby
opening up the possibility of placing this meal into
markets that would otherwise be closed.

Specifications for fish meal used in aquaculture
feeds in North America are of a similar nature to those

of Japan, although the absolute values vary somewhat
depending upon the size and species of fish for which the
feed is intended. For example, Pacific salmon hatcher-
ies operated by the federal government use speci-
fications for fish meal in their feeds as in Table 7

Table 4. White fish meal specifications used by a
major Japanese fish feed manufacturer.

Table 5. Imported white fish meal specifications
used by a major Japanese trading com-
pany.

Table 6. Variation in batches of white fish meal

from an American surimi vessel.



< 10%

>68%

<10%

<12%

< 3%

<0.2%

500 ppm

Moisture

Protein

Fat

Ash

Salt  NaC1!
Ammonia nitrogen
Anti-oxidant

Moisture

Protein

Fat

Ash

Salt

Pepsin digestibility
Ethoxyquin

 Anti-ox idant!

<10
65-67.5*

8 � 12

<17

<4

>92.5

<10

65 � 67.5*

8 � 12

<17

<4

>92.5

<10

>70
8 � 12

<15

<3

>92.5

0.0250.025 0.025

Herring
oil

Menhaden Pollock

oil waste oil
Fatty
acid

FISH OIL

Table 7. Specifications for fish meal used in feeds in
Pacific salmon hatcheries operated by the
U.S Government  %!.

Starter feeds Crumbles Pellets

*Depends upon species of fish used to make fish meal.

 Anonymous 1990!.
Specifications established by the Department of

Fisheries and Oceans in Canada for Atlantic salmon
diets  Lail 1988! are similar to those of the United States
federal hatcheries  Table 8!. In addition, the Canadian
specifications call for the fish meal to be preferably
steam-dried, and ground finer than 0.25 mm.

There are no specifications for fish meals used in
catfish feeds, but fish meals make up less than 7% of
most catfish formulations, and the contribution of the
fish meal protein to the overall protein content of the diet
is relatively low. There are also no set specifications for
fish hydrolysates and their derivatives used in aquacul-
ture feeds or in other animal feed applications. How-
ever, later in this document, recommended specifications
are presented for these products based on recent research
in our laboratory and others.

Fish oils are important constituents of aquaculture
feeds, contributing low cost energy to the diet and
contributing essential fatty acids needed by fish for
normal growth, health, and reproduction. Fish oils do
not differ among species in caloric content, but they do
differ substantially in the content of essential fatty acids,
which for fish are the omega-3 fatty acids  Table 9!.
Fish cannot synthesize omega-3 fatty acids and there-
fore require a dietary source. In nature, fish obtain
omega-3 fatty acids from their diet; all omega-3 fatty
acids in the marine environment have their origin in

plankton.
The main quality considerations with fish oils are

oxidation and enzymatic hydrolysis. Fish oils contain a
relatively high concentration of long-chain, polyun-
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Table 8. Specifications established by the Depart-
ment of Fisheries and Oceans in Canada
for Atlantic salmon diets.

Table 9. Omega-3 fatty acid levels  %! in herring
oil, menhaden oil, and pollock waste oil.

C20:5n-3  EPA! 5.5 10.2 13.1
C22:6n-3  DHA! 3.9 12.8 6.8

Total n-3 12.4 25.8 25.4

Notes: First number describes the number of carbon
atoms in a fatty acid chain, the second number
describes the number of double bonds, and
n-3 = omega-3.
EPA = Eicosapentaenoic acid.
DHA = Docosahexaenoic acid.

saturated fatty acids which oxidize upon exposure to
oxygen, producing a number of unwanted and poten-
tially harmful compounds and accelerating the oxida-
tion of ascorbic acid and vitamin E in the feed.

Oxidation of lipids can be prevented by limiting
exposure to heat, air, and pro-oxidants, and by adding
anti-oxidants. Hydrolysis of fish oils produces free fatty
acids, which are not necessarily bad from a nutritional
perspective. However, elevated levels of free fatty acids
generally indicate abuse of the oil during processing,
and serve to alert buyers that the quality of the oil might
be reduced in other ways. Therefore, the specifications
for fish oils used in aquaculture feeds often include a
maximum level of free fatty acids, usually about 3%.
For Norwegian special quality fish oil, called
NorSalmOil, a maximum level of 4.5% free fatty acids
is allowed. Other quality indices for fish oil that are
often specified for product used in aquaculture feeds
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Table 10. Specifications for fish oils used in
aquaculture feeds.

Category Recommended value

< 3%

< 1%

< 1%

< 20

Free fatty acids
Moisture

Nitrogen
Totox*

Anti-oxidant addition 250-500 ppm

*Totox = 2 x PV  peroxide value! + AV  anisidine
value!.

concern the addition of anti-oxidants, the amount of
oxidation that has occurred in the oils, and the presence
of other impurities or contaminants. Some of these
specifications are listed in Table 10.

NUTRITION IN HIGH-QUALITY FISH MEALS

Feeding trials conducted in Norway with Atlantic
salmon in a variety of settings have shown that the
substitution of Norse LT-94 fish meal for NorSeaMink

in production feeds results in a 14% � 17'/o increase in
weight gain  Opstvedt 1989!. Similar tests with rain-
bow trout have yielded a weight gain increase of ap-
proximately 4%. Differences in weight gain between
groups of fish fed diets containing Norse LT-94 and
regular fish meal ought to be even greater. It is difficult
to evaluate these reported values and determine the
degree to which they might predict increases in weight
gain of Pacific salmon or rainbow trout reared in North
America if a similar substitution were made in North

American aquaculture feeds. Among the difficulties in
making such an evaluation are differences between
Norwegian and North American salmonid aquaculture
in diet formulations, types of fish meal used, species of
fish, and types of feeds.

Recently, two feeding trials were conducted at the
Northwest Fisheries Center, Seattle, Washington, to
evaluate the nutritional value of various fish meals in

juvenile Pacific salmon diets, and to evaluate the effect
of feeding practices on the rankings of the fish meals. In
each of the feeding trials, various fish meals were
substituted for herring meal, which is the standard fish
meal used in juvenile salmon feeds. The proximate
composition of the fish meals is shown in Table 11. In
the first feeding trial, a moist diet formulation, the
Oregon moist pellet, was fed to juvenile chinook
salmon  initial weight 2.2 g! five times per day to
apparent satiation at each feeding  Table 12!. After

eight weeks of feeding, significant differences were
observed in average weight of fish in the various dietary
groups. Fish fed the standard Oregon moist pellet
containing herring meal weighed 9.7 g, while fish fed
the diet in which Norse LT-94 was substituted for

herring meal weighed 10. 1 g  Table 13!. This difference
was approximately 4% and was not statistically sig-
nificant  p > 0.05!.

The diet containing white fish meal produced on
board a Japanese processing ship supported the highest
final average weight of the fish, 11.9 g. This value was
significantly different from the average weight of the
fish fed the diet containing herring meal  p < 0.05!,
despite the fact that the Japanese white fish meal had the
highest ash content of all of the tested meals. Differ-
ences among dietary treatments in average final weight
of the fish had to be caused by either higher feed
consumption  since fish were fed to apparent satiation!,
or by an improved feed efficiency ratio. The results of
this study indicate that both factors influenced average
final weight of the fish, but that feed intake was the most
important determinant of weight gain. In other words,
the juvenile chinook salmon consumed more of the diet
containing the Japanese white fish meal and, as a conse-
quence, gained more weight.

The second feeding trial was conducted with juve-
nile coho salmon  initial weight 6.1 g! and was designed
to measure nutritional value of the fish meals in a dry,
pelleted feed. The amount of feed given to the groups
of fish was controlled by following a feeding program
that gave the tanks of fish a fixed amount of feed each
day, based on a percentage of the body weight of the
fish. The amount fed was increased each week to take

into account weekly growth. The diet formulation was
similar to that used in federal salmon hatcheries, and

the percentage of fish meal and fish oil used in each diet
was adjusted slightly to make each diet identical in
protein and energy content  Table 14!. After 12 weeks
of feeding, there were no significant differences in
average fish weight among the dietary treatment groups
 Table 15!. Fish fed the diet containing herring meal
weighed 57.6 g, while fish fed the diet containing Norse
LT-94 weighed 63.1 g, a 9.5% difference. Feed intake
was slightly different among dietary groups, but did
not significantly influence average final weight. The
conclusion drawn from this feeding trial was that the
nutritional value of the Norse LT-94 was slightly higher
than that of herring meal, supporting the claims of
scientists from Norway.

The most interesting aspect of the feeding trials
was the degree to which feeding practices influenced
the relative ranking of the diets containing the various
fish meals  Table 16!. Feeding to apparent satiation
resulted in the groups of fish fed the diet containing



Table 11. Proximate composition  %! of fish meals used in the experimental diets

LipidProteinMoistureFish meal Ash

14.0

10.0

14.4

12.4

1 1.9

19.7

8.1

12.0

16.2

8.9

6.7

7.7

69.2

67.4

60.6

70.7

71.4

66.3

Herring meal
Bio-fish flour, white

Bio-fish flour, brown

Norwegian LT-94
Danish 999

Japanese white fish meal

7.5

10.5

8.9

8.9

9.3

6.5

Diet 1 Diets 2-6

 glkg!  glkg!Ingredient

0.0

80.0

70.0

69.0

50.0

40.0

15.0

1.0

5.0

70.0

300.0

300.0

Herring meal
Cottonseed meal

Poultry by-product meal
Wheat germ meal
Dried whey
Corn distillers dried solubles

Vitamin pre-mix
Trace mineral mix

Choline chloride �0%!
Herring oil
Wet fish hydrolysate
Alternate fish meals

300.0

80.0

70.0

69.0

50.0

40.0

15.0

1.0

5.0

70.0

300.0

0.0

1,0001,000Total

Table 12. Composition of the diets used to measure
palatability of fish meals for chinook
salmon fry.

Japanese fish meal averaging a higher weight than fish
fed the diet containing herring meal. Feeding all
groups of fish the same amount resulted in the groups of
fish fed the diet containing Japanese fish meal averaging
a lower weight than fish fed the diet containing herring
meal.

Palatability differences among diets masked the
apparent nutritional differences among fish meal sources
in the first trial. Apparent protein digestibility coeffi-
cients, measured in fish, were not helpful in predicting
the nutritional value of these fish meals in that meals
with high digestibility did not necessarily support high
fish weight gain. This point illustrates the differences
in fish meal evaluation that can result from just one
experimental variable in a feeding trial, and the pitfalls
of relying on summary results of feeding trials designed
to evaluate feed ingredients without knowing the way in
which the trial was conducted.
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SPECIFICATIONS AND FEEDING VALUE IN
AQUACULTURE

Current fish meal specifications are based on the
results of chemical analysis, rather than on the results of
biological evaluation, with several exceptions. Proxi-
mate analysis, which yields the percentage of moisture,
protein, fat, and ash, partitions nutrients and non-nutri-
ents into categories based on common chemical proper-
ties. For example, the protein level is determined in
proximate analysis by chemical analysis of the nitrogen
level of a sample and by multiplying the percentage of
nitrogen by 6.25 to obtain the percentage of protein.
Most proteins contain 16% nitrogen, on a molecular
weight basis, and 100 divided by 16 equals 6.25. For
most uses, protein levels determined in this fashion are
sufficiently accurate. However, any compound in a
sample that contains nitrogen will be counted as protein
in proximate analysis.

Most products do not contain appreciable quantities
of nonprotein nitrogen, but some others contain non-
protein nitrogen in sufficient quantities to significantly
alter the accuracy of protein levels determined in this
way. Examples of marine by-products that contain
relatively high levels of nonprotein nitrogen are dog-
fish, shark, and ray waste which contain appreciable
levels of urea �6.65% nonprotein nitrogen!, and shrimp
and crab waste which contain appreciable levels of
glucosamine  9% nonprotein nitrogen!. Any product
containing large amounts of nucleic acids will also
reduce the accuracy of the protein level determined by
proximate analysis. The other categories of proximate
analysis are also subject to problems that confound their
accuracy, but, in general, these categories are more
likely than percentage protein to be accurately deter-
mined when marine by-products are the tested materi-
als. The most important fact to remember is that
proximate analysis is not a nutrient analysis. It is a
chemical analysis that partitions nutrients and non-
nutrients into categories depending upon their chemical
properties.
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Feed conversion

ratio

Feed intake

 g/fish!
Average final

wt  g!Dietary treatment

9.69+0.56"

9.61+1.3S"

8.97+0.94'
10.09+0.8"'"

9.51+0.37"

11.90+1.50'"

1.34"

1.39"'

1.44'
1 29.b

37ah

1.23'

10.0

10.2

9.7

10.1

10.0

1 1.9

Herring meal
Bio-fish flour, white

Bio-fish flour, brown

LT-94

Danish-999

White fish meal

'Feed conversion ratios = feed fed  g!/weight gain  g!.
'Values with same letters within a column are not significantly different  p>0.05!.

sources for aquaculture feeds and evaluating ways to
predict the nutritional value of ingredients and batches
of ingredients for salmonids using chemical tests. We
have found that while we can distinguish poor protein
sources from excellent ones using a pepsin digestibility
test, we cannot distinguish between good protein
sources and excellent ones, as determined by the perfor-
mance of fish in feeding trials  Dong and Hardy, unpub-
lished results!. One of the goals of this research is to
develop chemical tests for protein sources that accu-
rately predict the nutritional value of the products to
salmonids.

Other specifications in use in Norway include those
that measure the freshness of the raw material  total
volatile nitrogen, or TVN!, ammonia nitrogen in the
product, cadaverin level, and true protein digestibility
measured using adult male mink  Opstvedt 1989!. The
specified levels of these quality indices for the varieties
of fish meal produced in Norway were shown in Table
2. While there is no doubt that these specifications are
relevant to the production of high-quality fish meal, the
direct and indirect importance of each index to the
nutritional value of fish meals to fish has not yet been
determined.

Table 14. Composition of the diets used to measure
nutritional value of fish meals in practi-
cal diets for juvenile coho salmon.

Diet 1

 g/kg!

Diets 2 � 6

 g/kg!Ingredient

Herring meal
Poultry by-product meal
Wheat middlings
Dried whey product
Vitamin pre-mix
Trace mineral mix

Choline chloride �0%%uo!
Vitamin C

Fish oil

Permapel pellet binder
Alternate fish meals*

0.0

70.0

193.0

70.0

15.0

1.0

5.0

2.0

112.0

2.0

530.0

530.0

70.0

193.0

70.0

15.0

1.0

5.0

2.0

112.0

2.0

0.0

1000Total 1000

*The actual levels of alternate fish meals and fish oil in

the diet were modified slightly to make the diets
isonitrogenous and isocaloric.

Pepsin digestibility is another chemical test that is
found in the specifications for fish meal used in aqua-
culture feeds. Pepsin digestibility is used to measure the
percentage of protein that is released into solution when
a sample is mixed with bovine or porcine pepsin at a
given concentration for a given period of time under
defined conditions  AOAC 197S!. Presumably, fish
meals that are heat-damaged during production are less
digestible to pepsin than are fish meals that are not heat-
damaged and thus give a lower value when tested.

Through the Western Regional Aquaculture Con-
sortium, we have been examining alternate protein

RF COMMENDED SPECIFICATIONS

Specifications for marine by-products used in
aquaculture should include chemical tests that predict
the nutritional value of the product. It is widely believed
that the quality or freshness of the raw material used to
make fish meal and other marine by-products limits the
quality of the product. In other words, good-quality
products cannot be made using poor-quality starting
material. As is the case with other fisheries products,
processing cannot improve the freshness of a product.

The chemical test conducted in Norway on high-

Table 13. Average final weights  +SD!, feed conversion ratios,' and feed intake of chinook salmon fed the
experimental diets for 8 weeks.'
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Table 15. Average final weight  +SD!, feed conversion ratios,' and feed intake of coho salmon fed the experi-
mental diets for 12 weeks.-'

Feed intake

 g/fish!
Feed conversion

ratio
Average final

wt  g!Dietary treatment

43.9

42.2

42.4

45.0

43.1

42.3

0.85

0.88

0.87

0.79

0.83

0.86

Herring meal
Bio-fish flour, white

Bio-fish flour, brown

LT-94

Danish 999

White fish meal

57.6+2.2

54.5+1.3

54.9+6.3

63.1+1.8

57.8+3.2

55.0+0.9

'Feed conversion ratios = feed fed  g!/weight gain  g!.
'No significant differences  p>0.05! were found among dietary treatments.

Table 16. Ranking of the fish meals evaluated in the feeding trials.*

Nutritional

value
Proximate

composition PalatabilityFish meals

Herring meal
Bio-fish flour, white

Bio-fish flour, brown

Norse LT-94

Danish 999

Japanese white fish meal

"Relative ranking based on 1 = high, 2 = medium, 3 = low.

quality fish meals, TVN, is recommended. The recom-
mended procedure for this chemical test is that de-
scribed by Woyewoda et al. �986! under Total Volatile
Base. Other chemical tests that measure the quality of
the raw material are those that measure the concentra-

tion of putrefactive amino acid». In Chile, the fish meals
are often tested for the presence of gizzerosine, a prod-
uct that is formed from histamine and lysine in the
presence of heat  Castro 1988!. This compound is toxic
to poultry, causing gizzard erosion, and fish meals are
tested for the presence of gizzerosine using a chick
bioassay. The effect of this compound on farmed fish is
not known.

Specifications for marine by-products used in
aquaculture should include proximate analysis, despite
its limited value. Proximate analysis is not particularly
useful in predicting nutritional value of products, but
the results do indicate poor-quality meal, i.e., products
containing high ash and low protein. When these
products are found using proximate analysis, other
chemical tests can be used to further evaluate the prod-
uct and determine if the high ash is caused by the

presence of bone, salt, or sand.
Efforts funded by the Western Regional Aquacul-

ture Consortium  WRAC! are under way to develop
chemical tests that accurately predict the nutritional
value of protein sources for fish. Improvements in the
pepsin digestibility test are one aspect of that effort. The
improvements that are being tested include the use of
salmon enzymes rather that bovine or porcine pepsin as
the enzyme used to digest the protein, and the use of the
pH-Stat procedure rather than the pH-Shift procedure
now employed. Conducting the enzyme tests at differ-
ent temperatures is another variable that is being tested
 WRAC 1989!. If these improvements are successful,
they will be used to show the effects of processing,
primarily drying temperature and time, on the nutri-
tional value of fish meal and other protein sources in
aquaculture feeds.

Norwegian high-quality fish meals contain added
anti-oxidants to prevent oxidation of the fish oil remain-
ing in the meal. In the highest quality Norwegian fish
meal, LT-94, anti-oxidants are added both before and
after the meal is dried. This is a specification that might
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be more widely called for in meals used in aquaculture
feeds in the future.

Hydrolysates present a different set of quality prob-
lems from fish meal for producers and aquaculture
users. During hydrolysis, proteins are hydrolyzed to
soluble peptides and free amino acids. This process is
time, temperature, and enzyme-activity dependent
 Stone and Hardy 1986; Stone et al. 1989!. The inverse
correlation between degree of hydrolysis and nutritional
value is well-established  Hardy et al. 1983!, and
appears to be the result of conversion of a portion of the
protein to nonprotein compounds through deamination
of specific amino acids  Stone and Hardy 1986! and
premature absorption of free amino acids in the hydro-
lysate that reduces their availability for tissue protein
synthesis  Stone and Hardy 1989; Stone et al. 1989!.
There are many ways to limit protein hydrolysis in
marine by-products by stopping enzymatic activity at
the desired degree of hydrolysis, and producers should
employ them.

Specifications for products made from fish hydro-
lysates should include those used to detect putrefactive
amino acids and a chemical test to establish the degree
of hydrolysis in the product. At present, these chemical
tests are beyond the level of routine chemical analysis.
Another potential problem with fish hydrolysate prod-
ucts is that the lipids rapidly oxidize during hydrolysis
and subsequent storage  Jackson et al. 1984a!. Allowed
to proceed unchecked, this may lead to destruction of
polyunsaturated fatty acids and pathological changes in
fish fed such products  Jackson et al. 1984b!. Addition
of ethoxyquin to the silage effectively prevents these
changes.

One emerging issue relevant to specifications for
marine by-products involves regulations on the phos-
phorus content of freshwater hatchery effluent. Uneaten
fish feed and undigested phosphorus in fish feces are the
major sources of phosphorus in hatchery discharge
water. In Europe, strict regulations are being enacted
that will progressively lower the allowable phosphorus
discharge of hatcheries for the next few years. These
concerns will soon begin to affect North American
hatcheries, and demands will be made to fish-feed
manufacturers to reduce the amount of undigestible
phosphorus in feeds. Fish-feed manufacturers will in
turn demand lower ash products from producers of
marine by-products, and this situation may result in
new specifications for allowable phosphorus levels in

fish meal and other protein supplements. Fish meal
producers and others would be wise to plan in advance
for this situation to avoid being the "bad guys" in the
battle against water pollution in North America and
Europe.

ACKNOWLEDGMENT

This material is based upon work supported by the
Cooperative State Research Service, U.S. Department
of Agriculture to the Western Regional Aquaculture
Consortium under agreement No. 87-CSRS-2-3219.

REFERENCES

Anonymous. 1990. Specifications for Abernathy Diet
Formulations. Abernathy Salmon Cultural Devel-
opment Center, Longview, Washington.

Arai, S. 1989. Practical feeding: Eels. Pp. 223 � 230in
Nutrition and Feeding of Fish, R.T. Lovell  ed.!.
Van Nostrand Reinhold, New York.

Association of Official Analytical Chemists  AOAC!.
1975. Official Methods of Analysis, 12th edition.
AOAC, Washington, D.C. 1094 pp.

Barlow, S. 1989. Fishmeal: World outlook to the year
2000. Fish Farmer, October 1989, pp. 40 � 43.

Castro, E. 1988. Control de calidad en el proceso de
producci6n de alimentos para peces. Tecnicas de
cultivo y manejo del salmon: Desarrollos recientes.
Seminario Internacional, Fundacion Chile, 19 al 21

de Octobre, 1988, Santiago, Chile.

Hardy, R.W., K.D. Shearer, and J. Spinelli. 1984. The
nutritional properties of co-dried fish silage in
rainbow trout  Salmo gairdneri! dry diets. Aqua-
culture 38:3S � 44.

Hardy, R.W., K.D. Shearer, F.E. Stone, and D.H. Wieg.
1983. Fish silage in aquaculture diets. J. World
Mariculture Soc. 14:695 � 703.

Jackson, A.J., A.K. Kerr, and C.B. Cowey. 1984a. Fish
silage as a dietary ingredient for salmon. I. Nutri-
tional and storage characteristics. Aquaculture
38:211-220.

Jackson, A.J., A.K. Kerr, and C.B. Cowey. 1984b. Fish
silage as a dietary ingredient for salmon. II. Pre-
liminary growth findings and nutritional pathology.
Aquaculture 40:283 � 291.

Lail, S.P. 1986. Manufacturing Specifications for
Atlantic Salmon Feed. Department of Fisheries and
Oceans, Halifax Laboratory, Halifax, Nova Scotia.

Opstvedt, J. 1989. Experience of Producing Special
Quality Fish Meals and Oils in Norway. Presented
at the International Association of Fish Meal Manu-

facturers Annual Meeting, Hong Kong, November
1989.

Stone, F.E. and R.W. Hardy. 1986. Nutritional value of
acid stabilized silage and liquefied fish protein. J.
Sci. Food Agric. 37:797 � 803.



Thanks for clarifying that.

A.

It was made from herring.A.

A.

Stone, F.E. and R.W. Hardy. 1989. Plasma amino acid
changes in rainbow trout  Salmo gairdneri! fed
freeze-dried fish silage, liquefied fish, and fish
meal. Pp. 419 � 426 in Proc. Aquaculture Interna-
tional Congress. Vancouver, B.C., Canada, 6 � 9
Sept., 1988.

Stone, F.E., R.W. Hardy, K.D. Shearer, and T.M. Scott.
1989. Utilization of fish silage by rainbow trout
 Salmo gairdneri!. Aquaculture 76:109 � 118.

Western Regional Aquaculture Consortium  WRAC!.
1989. Annual Accomplishment Report for the
period July 1, 1987 to March 31, 1989. WRAC
Administrative Center, School of Fisheries, Uni-
versity of Washington, Seattle, WA 98195. Octo-
ber 1, 1989. 26pp.

Wilson, R.P. 1989. Amino acids andproteins. Pp. 111�
151 in Fish Nutrition, Second Edition, J.E. Halver
 ed.!. Academic Press, New York.

Woyewoda, A.D., S.J. Shaw, P.J. Ke, and B.G.
Burns. 1986. Recommended Laboratory Methods
for Assessment of Fish Quality. Canadian Tech-
nical Report of Fisheries and Aquatic Sciences,
No. 1448.

QUESTIONS AND ANSWERS

The measure of TVN on the meal itself would be a
measure of the way in which it had been stored, or
the amount of anti-oxidant that had been put into it.
Can you tell what the TVN was, what the quality
was, before the meal was produced?

No, it's a volatile. It will go out with the drying. My
specification was for the raw material, not for the
meal.

As a fish meal producer in the three different
countries, I did not understand one of the issues on
the comparative studies. In the specifications for
the Norse LT-94 meal we mentioned the TVN, and
the protein, all these different things, and we said
the process conditions are supposed to produce the
great quality of the LT meal. An important issue to
me would be, what was that LT meal? Was it
capelin, was it herring, was it fish gurry � what was
it made of versus the herring meal?

You had mentioned at the end something about fish
hydrolysates � the less hydrolytic activity the bet-
ter, yet we heard a paper yesterday saying the
nutritional value was improved via proteolytic ac-
tivity on fish material. 1 wonder if you'd expand on
that.
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I think the speaker yesterday had a very good point
when he said that they control the degree of hy-
drolysis very carefully, both the time and the en-
zyme they use. In our production of fish
hydrolysates, generally we rely on the endogenous
enzymes in the fish itself. When we do that we' ve
found again and again that it's important not to let
the material go to completion, which means even-
tually you end up with around 70% of the intact
protein in the form of amino acids. When we feed
a product carefully spray dried, freeze dried, any-
thing, what we do after that doesn't seem to matter.
We just have too high a level of free amino acids
for effective or efficient conversion into fish pro-
tein. We get a lot of deamination and other meta-
bolic changes.

But that doesn't necessarily apply if one is using a
prescribed proteolytic enzyme for treatment of the
material.

That's right. But most producers � at least those
I' ve seen in Norway � don't do that. They rely on
the endogenous enzymes. At one place they grind
the stuff, and put it into a tank, and it may sit there
for three or four months before they use it. That' s
a long time. At that point most of the intact protein
is going to be gone. They restrict the level in the diet
to around 15%, and may minimize the effects in
feeding.

I don't want to leave people with the impression
there are protein hydrolysates, and the type that
you' re referring to were using the endogenous en-
zymes and letting it ferment in its own juice.

Has it been proven that it is the amino acid, or that
it's the release of bittering in the refusal of them to
accept it?

We' ve just completed a bunch of trials looking at
plasma amino acid levels and changes in urea cycle
enzymes and I think we' re pretty confident that
what you' re saying is correct. You can get bitter-
ness and feed rejection by certain processes. But in
our case, we' ve been very careful to avoid that and
look at the nutritional value. And I'd bet my pay
check that the differences we have are truly caused
by metabolic differences rather than feed refusal.

Do you know at what temperature or by what
process the white fish meal was dried?
No, I don't really know anything about it other than
it was made on a vessel, and probably steam dried,
and it was probably very fresh because you' re not
going to have a lot of room on the vessel to let stuff



120 Market Specifications

pile up. So very fresh probably, and it may or may
not contain solubles. That's another thing that may
make a difference no solubles.

A feed manufacturer in our area talks about what

he calls "snap factor." What he means by that is,
some feeds the fish snap up; they really like it.
Something that really surprised me is that the feed
we made from this meal had a lot of snap factor;
they loved it.

In an attempt to make vegetable meals more nutri-
tionally sound, they are adding various amino ac-
ids. Your comment was that the free amino acids

apparently aren't as well received. Does this have
any bearing on the future of the fish meal industry'?

I didn't mean to imply that addition of free amino
acid to a formulation to make up a deficiency would
be a bad practice. What I was saying was, when
70% of the protein is in the form of free amino
acids, you' ve got a problem. I can't really say
that addition would be a problem. Obviously
properly made fish meals are the standard. They' re
the ingredient to beat. So in that sense I think the

fish meals do have a leg up.

Q: How serious is that palatability factor? There are
many materials now that we may be able to add that
can mask or overcome the palatability.

A. This is a relatively new development. He is refer-
ring to the recent development of a number of
compounds that we call gustatory stimulants. Which
means we can add them to a feed and increase the

snap factor. And it very well may be that palatability
will be a less important issue. But these things cost
money. And so it's going to come down to eco-
nomics. Is it cheaper to use a lousy fish meal and
add the additive, or use a high quality fish meal? I
don't really know.

Q. Looking at the Alaskan problem, what is the time
limit you would set having fish waste exposed
before it is processed? We' re talking about the
freshness factor.

A. I don't know. So many things might enter into
something like that � how long it's been on the
vessel before it's landed, the temperature. Up here
it's cold most of the time. So I don't know.
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UTILIZATION OF MARINE BY-PRODUCTS IN PET FOODS

Tom Willard

Dayton, Ohio

PET POPULATION AND TRENDS

SIZE OF PET FOOD MARKET

In 1985 the number of cats surpassed the number of
dogs in the United States for the first time. As of 1989,
there were 58 million cats and 52 million dogs in over
55 million households in the United States. In 1988,
30% of U.S. households owned cats and 37% owned
dogs �989 SAMI overview of Pet Food Sales through
food stores presented at the 1989 PFI!. In Europe,
though there are still more dogs than cats, the trend is
similar to that of the United States. Australia and Asia,
including Japan, Singapore, Taiwan, Hong Kong, the
Philippines, also have a growing dog and cat population,
but size is not readily available. The level of dog and cat
ownership throughout the world has dramatically
changed in the past 10 years.

Table 1 shows the breakdown of dog and cat food
sales in both tons and dollars by type  dry, canned. semi-
moist, snacks, and treats! and by sales outlet  grocery
and feed mill!. The feed mill portion is often referred to
as "non-grocery." SAMI or Sales Area MarketInforma-
tion measures the pet food sold through the grocery
distribution system but not what is sold in feed mills,
hardware stores, pet stores, pet food stores, or farm feed
stores and other non-grocery distribution. Until 1987
there was no reliable way of determining the sales
volume through the non-grocery distribution system,
partially because it was considered insignificant. Since
1982 this non-grocery segment has been responsible for
over 95% of the total growth in dollar sales in the United
States, and all of the tonnage growth.  The total tonnage
of pet food sold in the grocery store has decreased nearly
10% in tons since 1983, while the total dollars has
increased by 5%.! In 1989 the non-grocery sales ac-
counted for clearly one-third of the total tonnage of dog
and cat food sold, whereas in 1984 it represented less
than 10%. The non-grocery segment has been growing
by about 30% to 35% per year since 1984, while the
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grocery tonnage has actually decreased.
In 1989, the dollar sales from the non-grocery

segment represented 18% of the market or over $1
billion, as seen in Table 1 and Figure 1. By 1993 the
segment should double to over $2 billion, which could
represent nearly one-fourth of the total dog and cat food
sales of $8 billion, as seen in Table 2. The non-grocery
pet foods are generally higher quality and higher nu-
trient density and contain higher quality raw ingre-
dients such as fish meal, poultry by-product meal,
chicken, eggs, animal fat, and rice. The grocery store
products contain meat meal, soy protein, wheat mid-
dlings, and beef tallow.

A price check in early March in the Dayton, Ohio,
area on the leading grocery store brands showed that the
average price of dry dog food  90% dry matter! was 44tt
per pound, whereas the price of the two market leaders
in the non-grocery stores was 841' per pound. The gross
energy level is about 25% higher on the non-grocery
products or between 4,700 to 4,800 kcal per kg, com-
pared to 3,600 kcal per kg.

The cat food sold in grocery stores averaged 851|
per pound, while the non-grocery sold for $1.16 per
pound. Twenty-five percent of all grocery store dry cat
foods contain fish meal or fish hydrolysate. The dry fish
meal is usually used at the rate of 5% to 10% of the
formula, plus 3% hydrolysate applied to the outside to
improve palatability.

Canned cat food represents over 50% of the total
tonnage of cat food sales in the United States as of 1989
 see Table 1! with over 200 varieties ot" flavors, can
sizes, and brands to choose from. About 25% have some
type of seafood in the product. Some examples are tuna,
mackerel, sardines, crab, shrimp, white fish, cod, fish
by-products, sole, mixed fish, and ocean fish. All the
red meat tuna caught and canned in Thailand and Puerto
Rico goes into canned cat food, which represents about
60,000 tons per year. Another 13,000 tons of mackerel
goes into canned cat food as well. Overall, fresh fish
and fish by-products will continue to go into canned cat
food and hydrolysate, whereas fish meal and fish oil
will go into dry, canned, semi-moist, and snacks.

As the pet food market continues to change, the
non-grocery segment will continue to lead the growth
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Table 1. U.S. dog and cat food sales �2 weeks ending June 16, 1989!.

% Dry Dry matter basis
matter Tons

Tons

 as sold!

Dollars

 millions!

Subtotal

Non-grocery
Feed mills' 864.6

$4,188.4

Subtotal

Non-grocery
Feed sources4 231.9

$2,550.6
120.0

4,S68,SOO

1,949,500

5,949,000 $6,859.3Total

'From presentation by Rich Palesh, ARBITON/SAMI report of 52 weeks ending June 16, 1989, Warehouse,
Withdrawals. Pet Food Institute, September 14, 1989, Chicago, Illinois.

'-SAMI  Sales Area Market Information!.
'Estimated to be equal to 23% of value of sales through "food" outlets.
4Estimated to be equal to 10% of value of cat foods sold through "food" outlets.
'Feed mills include sales through feed stores; pet stores; veterinarians; direct sales to larger kennels, some large
retailers, and research facilities; plus export. They are estimated to account for 30% of total dog food production.

Table 2. Projected sales growth rate of dog and cat food, total market 1989-1993.

Dollars  millions!
Growth rate/yr '89 '90 '93'91 '92

Total 6,860 7,146 8,3747,487 4,892

Dog food'
Grocery

Dry
Canned

Semi-moist

Snacks and treats

Total dog

Cat food'

Grocery
Dry
Canned

Semi-moist

Snacks and treats

Total cat

Misc. foods'

Dog and cat food
Grocery total'
Feed mills'

Non-grocery dog and cat
Non-grocery cat
Snacks and treats total

Grocery cat
Grocery dog

2,148,500

8S6,500

104,500

139,000

3,248,500

560,000

678,000

77,500

4,500

1,320,000

20/n

30%

8 1 o/o

2.8%

2 0%

66.14 90

26.36 22

3.22 70

4.28 90

100.00

42.4 90

S1.3 22

5.9 70

0.4 90

100.0

1,217

352

456

2,280

2,907

1,933,650

184,430

73,1SO

125,100

2,316,330

504,000

149,160

54,250

4,050

711,460

1,460

458

493

2,344

2,849

83.3

8.1

3.2

5.4

100.0

70.8

21.0

7.6

0.6

100.0

1,7S2

595

533

2,410

2,792

$1,847.0i

905.0

155.2

417.0

$3,324.2'

$836.0'

1,237.0

207.0

38.7

$2,318.7'

2,103

773

576

2,477

2,736

2,524

1,005

623

2,546

2,681



Semi-moist $361 Million

Figure 1. Total sales for dog and eat food, 1989.

and offer better foods to the consumer while using
higher quality ingredients at a premium price over the
grocery store products. It is to this non-grocery segment
that the Alaskan seafood processors would have the best
opportunity to supply consistent, high-quality, com-
petitively priced fish and fish by-product meal and
oil.

BY-PRODUCTS AVAILABLE FOR USE IN

HIGH-QUALITY PET FOODS

By far, dried fish meal or fish by-product meal has
the greatest appeal to the manufacturers of dry pet food
because of its ease of handling and cost per unit of
protein. As the non-grocery segment becomes more
price competitive among brands, there will be greater
pressure to reduce manufacturing and ingredient cost.
The challenge for the manufacturers will be to find a
reliable source of high-quality meat protein at a price
competitive with other available protein sources, such
as poultry by-product meal, dried egg, herring, menha-
den, and catfish meal. High protein quality and ash
levels below 15% will be a factor in the value of this

meal, especially in cat foods for the higher quality non-
grocery segment. There i» also an opportunity to pro-
vide a whole fish or mixtures of whole fish that can be

sold to the canned pet food manufacturers. Again, a
high-quality, fresh fish by-product with reduced ash
would also be a potential market for the Alaska fish
processors.

Fish oils, either in blend» or individually from fish
like salmon or white fish, have market potential in pet
foods as well as in human foods. People are continually
looking for alternatives to high-cholesterol saturated
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fats in every day use. With the recent research data
indicating the health benefits of high omega-3 fatty
acids, there i» an opportunity that could be a major
market for the fishing industry.

FINISHED PRODUCT REQUIREMENTS

Regardless of the type of products produced, qual-
ity and consistency will be the key to creating the
demand for Alaska marine by-products. After visiting
a number of the processing plants in Kodiak and Dutch
Harbor a year ago, I realized the enormous size and
equally large potential for meeting a specialized pet
food market demand. In order to meet this demand and

create new demands, the processors must look at further
processing their waste as a market opportunity to pro-
vide a value-added product, rather than just getting rid
of waste.

What are some alternatives to conventional pro-
cessing? Traditional rendering by high temperature de-
grades the protein and oil quality of fish meal as it does
with other animal proteins. There are alternatives that
would �! produce higher quality value-added products,
�! be more energy efficient to produce, and �! provide
greater market opportunities:

~ Hydrolysis

~ Low temperature rendering

Of the two, the latter holds the greatest potential for
development in the Alaska seafood processing industries.
This can produce a high-quality protein meal and oil
and can be designed to reduce ash. Protein quality
must be maintained during processing because if it is
damaged during rendering, it cannot be reversed. The
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quality of protein determines its relative value in a feed
formulation, thus establishing its market value. Palat-
ability is a major concern for manufacturers of the
specialty dog and cat foods. Cats are particularly sen-
sitive to "off" flavors caused by over-processing, ran-
cidity, or non-fresh ingredients. These foods often use
little or no palatability enhancers to keep the food as
high quality as possible, thus making it even more
critical to use consistent quality ingredients.

In closing, the use of Alaska fish by-products in the
pet food industry has been greatly enhanced by the
emergence of the high-end, nutrient-dense foods sold
outside the traditional grocery trade. By 1993, it could
account for nearly one-fourth of the total pet food sold
or as much as 9 million tons total dog and cat food sold
in the United States alone through all distribution means.
This could represent as much as 300 million pounds of
fish meal that would go into dry dog and cat food by
1993. Another 100 million pounds of fresh fish or fish
by-products could go into canned pet foods by that same
year. However, consistent high quality at a reasonable
price will be the key to the success of any products sold
to the non-grocery pet food market.

QUESTIONS AND ANSWERS

Q. I have two very expensive cats at my home. It
occurred to me in hearing your talk, and also during
the excellent paper presented yesterday from Ice-
land, that we do an injustice to these fish by refer-
ring to their innards as offal. One of the most
expensive items that we buy for the cats, which they
get very excited for, are what we call liver yum-
mies. These are expensive.

A. They' re about $8 a pound.

Q. Why are we treating fish offal as waste product and
as a total composite material? A possible approach-
a not too sophisticated approach � would be to
separate out the livers to develop a good fish liver
yummy specifically for cats. Cat food is in the same
category, if you' ll pardon, as baby food. It is not
necessarily the taste to the cat; it is the attitude of the
consumer.

Q. If the consumer sees the cat eating that particular
food, he or she will buy it. Maybe a little more
sophisticated look at these so-called waste prod-
ucts can result in some very high priced consumer
cat food. Cats and dogs love fish products.

A. Absolutely.

Q. You bring up a very good point. We could learn
from the poultry industry in this area. They do cater

quite heavily to this non-grocery market. And the
reason they do is that it's profitable. They can
afford to separate the livers. The money in the pet
food industry is in the specialty market. The gro-
cery store market is based on least cost formula-
tions, not unlike your poultry rations, not unlike
your swine, beef, and dairy rations. The higher end
is not that way. It's an entirely different market.
When you sit behind interview groups and hear
people talk about their cats and dogs as if they are
family, then you start to listen to them, especially
when you see an $8 billion industry.

Q. On the question of drying temperatures, you men-
tioned 190 and 275. Would you just elaborate on
those temperatures?

A. We ran several tests over the last several years. We
use a chick bioassay, or PER, protein efficiency
ratio. They' re repeatable, they' re accurate, and
they do a good job of measuring quality. We have
rendered poultry meal at low temperatures. You
break your fat, protein, and water bonds very
nicely. Of course, you have to go through the same
several steps as you would in other rendering�
polishing the fat, and separating, then you dry it
on a fairly non-sophisticated forced air drier.
You come up with a very nice high-quality prod-
uct because you' ve never exceeded the higher
temperature. Even if you go to 275 or 300, or 350,
as long as you cool it down fairly rapidly after
that, it doesn't damage the protein.

Q. Do you mean your heating medium is 275, or the
product itself?

A. The product itself is 275.

Q. A few years ago we were doing a lot of work on
canned cat foods. Cats are very susceptible to
kidney stones and other problems based on miner-
als. We were making canned diets, but we were
adding different types of fish meal and other
products, and we found that the scrap meals high in
ash content actually formed kidney stones in cats.
It's a caution when you start putting fish meal into
cat food, particularly from scrap and not from
whole fish.

Absolutely. A lot of work has been done in this
area, especially in the specialty market. But it's not
really the ash level. We' re talking about the
physiology of the cat, and the dog. The ash content
is not nearly as important as the level of magnesium
in combination with phosphorus and the other min-
erals. Magnesium has been found to be the major
culprit in most of the urcthritis-type problems in
cats. And they' re starting to see some of the same
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type of problems in dogs. As dogs become more
confined, less free running, the diet becomes more
critical. When we do formulations in thi» area,

we' re very careful not to let the magnesium level
exceed 0.1%. If you have a product that goes in at
greater than 12% ash, and you include it at higher
levels than 15% to 20% of the diet, you will exceed
0.1% magnesium.

We did low-temperature rendered fish, and we
improved the protein quality in a very high-quality
white fish meal from Alaska.  This was in Dutch

Harbor.! We compared it to the traditional ren-
dered method, and it had a protein value of approxi-
mately 90% of whole egg. In animal nutrition, egg
is as close to ideal as one can get as a single source
of protein. The white fish meal was traditionally
rendered, but it was not open-flame dried. So the
protein quality is there if it's handled properly. The
potential is here. It's a tremendous opportunity, not
just for pet foods, but for the whole world. The
amount of protein that could come out of Alaska
could about feed the world if it were all utilized.




