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INTRODUCTION

About half of what comes into a fish processing
plant leaves it as product. The other half leaves
it as waste. The problem of disposing of this
waste has become more serious in recent years
as communities and legislatures have taken
action against air and water pollution. Commu-
nities which accepted odor as the inevitable
byproduct of industrial jobs a generation ago
will no longer do so. Thus, there has come to be
far greater pressure on fish processors to dis-
pose of their wastes rapidly and cleanly, at the
same time that many of the traditional means of
disposal, such as fish meal plants, pig farms,
and landfills have been closed or moved further
away. The result is that many processors are
now paying money to dispose of wastes that
would have brought in a small payment in
earlier times.

This added hardship for processors comes
at a time when other factors are squeezing the
industry. Diminishing stocks and smaller
catches for the domestic fleet have led to idle
plant time, while foreign competition has
never been so strong. Amid the general

concern about the costs and difficulties of
disposing of fish waste, it is easy to lose
sight of the fact that this waste is, in fact,
an impressive protein resource. Indeed,
properly treated, some of this waste is re-
coverable as human food.

The purposc of this report 1s to describe
current technologies for increasing the value of
and/or decreasing the pollution caused by fish
processing plant wastes. The report also sug-
gests which of these technologies might be
adopted by a processor of finfish, what this
might cost, and how such a processor might
proceed. Since no two processing operations
are alike, these suggestions should be analyzed
with an eye to the special requirements of each
operation or plant. Qur recommendations are
primarily targeted at the operators of small- to
mediumm-sized single plants. Since we have
chosen to cover in detail those technologies
which have been best studied and have the
broadest potential applications, we hope that
these suggestions will be useful to the maxi-
mum number of finfish processors.

CURRENT TECHNOLOGIES FOR
BYPRODUCT MANUFACTURE OR WASTE
TREATMENT: A SURVEY OF OPTIONS

Significant advances have beenmade in the past
few years in dealing with fish processing plant
wastes. These new technologies are designed to
increase profits from what is, after all, close to
haif the output of the average finfish processing

plant and/or to decrease the pollution resulting
from some of the more common disposat meth-
ods currently used.

These technologies yield products that can
be divided into three general categories:



1. Human food products.
2. Feed and fertilizer products.
3. Minor products.

Both marketing efforts and product devel-
opment are of major importance in all catego-
ries. We cmphasize this at the start because
although technology alone may be able to re-
duce pollution, only the integration of technology
with product development and marketing can
increase profits for the processor.

In all cases, we strongly suggest that pro-
duction be started on asmall scale and geared up
as markets and familiarity with the processes
are increased.

The restof this text consists of summaries of
the advances made in handling fish processing
plant wastes, grouped under the three categorics
listed above, along with practical suggestions
for implementing these techniques.

1. HUMAN FOOD PRODUCTS

Fish mince, from flesh left on the bone after
fillet production, can be used in a variety of
marketable food products. In addition, pro-
cessors may be able to find markets for the meat
obtained from cheeks, tongues, and trim waste.

A. Mince

In the meat industry, small scraps and bone
scrapings arc ground into hamburger and sold at
arelatively high price. The adventof deboning
machines has made possible a burgeoning sup-
ply of minced poultry, which has been devel-
oped into a wide variety of products. Deboning
equipment, similar in concept to that used for
poultry, has been developed for use on fish, and
may be used to produce a hamburger-like prod-
uct called fash mince. Aithough fillets of whole
fish may be used to produce fish mince, there is
little economic incentive to do so except possi-
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bly in the case of surimi manufacture, where an
extremely white product is required for certain
applications. The true value of mincing is that
it enables the processor to utilize some of the
fish flesh rimmed off of the fillet during pro-
cessing, or left on the frame after filleting, as a
human food ingredient of reasonable value,
rather than treat it as offal.

Deboning machines are manufactured by a
number of companies; the brands most used in
this country for fish are Baader (German) and
Bibun (Japanese), although the U.S. brands
Beehive and Paoli are gaining popularity. The
Baader and Bibun machines require the opera-
tor o place the fish on a rubber belt which
carries the fish to a revolving, perforated, stain-
less steel drum. The drum’s perforations (holes)
may bc anywhere from 1 mm tw 10 mm in
diameter. In general, 3 mm to 5 mm scems to be
used for fish, with 3 mm being the preferred
diamcter. The rubber beltis thick and inelastic
and forces the fish against the drum. The flesh,
fat, and blood, which are the softer components
of the fish, pass through the holes and accumu-
fate inside the drum, while the bones, scales,
and skin remain on the outside surface. Asthe
drum rotates, one point on its external path is
continually in contact with a scraper, which
removes the adherent bones, scales, and skin.
Figure 1 schematically represents the basic
operation of the drum-type machine.

The vanability in the diameter of the holes
in the drum permits the processor to produce a
paste-like material (using small perforadons) or
a more chewy and chunky material (using large
perforations). The tension on the belt is also
variable; the greater the tension, the more pres-
surc will be exerted on the fish and the more
flesh will be pushed through the drum. In other
words, the higher the tension, the higher the
yield. At first glance, the highest possible yield
might seem desirable; however, this is not al-
ways the case, for reasons which will be ex-
plained below. (Machines like the Paoli do not
have adjustable tensions, but do have the advan-
tage of being far easier to clean.)
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Adjustable Crusher Roll

Adjustable Balt Tenslon Roll |
Hasded & Guited Fish

Figure 1.

Source:- Lanier, T. C. and Thomas, F. B. 1978. Minced Fish.: Its
Production and Use. University of North Carolina Sea Grant
College Program Publication UNC-SG-78-08, Raleigh, NC,

p. 8.

Mince is classified by the species of fish
from which it is taken, and is further divided
into various types in order of decreasing qual-
ity: fillet mince, “V” and “J” cut mince, whole
fish mince, tim mince, frame mince with the
backbone removed, frame mince, and rack mince
(which includes the head). Fillet minceis made
of whole fillets. This is generally the economic
equivalent of grinding up a steak to make ham-
burger. The “V” and “J” cut minces are almost
equivalent to fillet minces in quality. Ground-
fish contain small bones, called “pinbones,” in
one partof the fillet. In making a boneless fillet,
pinbones are sometimes removed (using either

Basic operation of the drum-type
deboning machine.

a “V" or “J” shaped cut) and these
pieces become the starting material
for “V” and “J” cut minces. Follow-
ing filleting, fish are usually trimmed
for blood spots, badly gaping pieces,
uneven fillet edges, belly flaps with
black membranes, etc. The trimmince
prepared from these materials will be
somewhat darker and more strongly
flavored than the higher-quality
minces since it will contain blood and
pigments. Frame mince is even
stronger in flavor and redderin color
than the trim mince since it contains
nerve tissue as well as more blood. If
the backbone is not removed, frame
mince may also contain kidney tis-
sue, the amount depending upon belt
tension. Increasing the belt tension
will thus increase the color and flavor
components of the frame mince. Rack
mince is similar to frame mince, but
would not be acceptable for human
food use in this country because of
the presence of gill and eye tissue.
The National Marine Fisheries
Service (NMFS) of the National Oce-
anic and Atmospheric Administration
of the Department of Commerce has
put out proposed U.S. Standards and
Labeling Requirements for Minced
Fish Meat (sce the Federal Register,
Vol. 49, No. 27, Feb. 8, 1984, pages 4804 10
4806). This document attempts to cstablish
standards of identity and recommended meth-
ods of handling for such product, with the
understanding that participation in the NMFS
seafood inspection program is strictly volun-
tary. These standards are perhaps overly strict
with regard to species currently allowed (only
four are permitied: Atlantic cod, silver hake
[whiting], walleye [Alaska] pollock, and red
hake), while at the same time they may not be
strict enough with regard to storage tempera-
tures for frozen product. (This will be discussed
below.) Since the standards place great empha-



sis on whiteness of color, itis clear that they are
not designed for frame minces but only for rim
minces at best.

Almost all mince enters the market frozen.
Frozen mince is available in blocks of various
sizes, with the 16-pound block being most com-
mon. Alternatively, mince may be laminated at
& s¢t percentage into filiet blocks, where it may
actually improve the appearance and quality of
the blocks by filling up any empty spaces be-
tween the fillets. Thepercent of mince acceptable
in laminated cod blocks varies according to
country of origin. The U.S. market has accepted
imported frozen laminated cod blocks but is not
producing any at this ime. Production of frozen
minced blocks or fillet blocksis not yet common
in the United States, but &t least one New
England producer is manufacturing frozen
blocks of minced cod, pollock, and haddock.
All of this plant’s mince production is made
from trim; frame mince is not sold in these
forms at this time in the United States, pre-
sumably because of its unacceptable color and
flavor. Atleastoneplantin the United Kingdom
is preparing frame mince for human consump-
tion. The end products are fish spreads and
phtés.

While the gadoid species, such as cod and
haddock, appear to be the most desirable candi-
dates for mince in terms of availability and
name recognition, they exhibit undesirable
changes in flavor and especially texture if im-
propexly frozen. These changes are caused by
an enzyme which appears to be inactivated
when the temperature is sufficiently low. The
Totry Research Station (Aberdeen, Scotland)
recommendation (J. N. Keay, Minced Fish,
Totry Advisory Note No. 79) is that good-
quality cod and haddock can be stored for at
least six months at -30°C (-22°F), or for three
months at -20°C (-4°F). Hake and Alaska pol-
lock have much shorter shelf lives in frozen
storage, The U.S. labeling standards mentioned
carlier recommend -18°C (0°F) as suitable for
six months frozen storage for all specics dis-
cussed. Research by J. M. Regenstein has
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shown that undesirable texture changes can be
created in about one month if gadoid minces are
stored at -14'C (7°F). Therefore, the U.S. rec-
ommendations could result in a very poor prod-
uct. With respect to U.S. production of minces,
it is & serious problem that most U.S. cold
storage facilities are not designed to godown to
-30°C (-22°F), where the reaction causing the
gadoid texture changes does not seem to occur.

Onc possible alternative for frozen storage
has been suggested by J. M. Regenstein, whose
laboratory has shown that if mince is stored at
anextra-cold temperature (around -40*C[-40°F])
for several months, changes appear to occur
which stabilize the mince. If mince production
were to become a major regional effort in this
country, a municipality or even a region could
build a suitable freezing facility in which mince
could undergo the first few months of frozen
storage. Stabilized mince could then bereleased
into the standard U.S. cold store chain with the
expectation that the rate of degenerativechanges
would be much slower. An extra-cold freezing
facility might also benefit the storage of reguiar
frozen fish products, and cause a significant
improvement in the overall quality of frozen
fish in the United States.

Less attention has been paid 10 flatfish as a
source of mince than to the gadoid species.
While mince from flatfish does not undergo
gross textural changes upon freczing, its initial
fresh soft texture is regarded as less desirable in
mince than the finmer texture of the gadoids.
Nevertheless, at least one New England pro-
cessor is selling fresh flounder mince, and this
product offers a number of options for further
processing. This leads into what we believe to
be a second and perhaps simpler approach 1o
handling and storing both trim and frame minces.
This is to turn them into cooked products des-
tined for immediate consumer sales. Cooking
extends the shelf life of fresh (unfrozen) mince
and, in the case of gadoid minces, destroys the
enzymes responsible for negative texture
changes in frozen storage.

The finished products that may bc made
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from mince are enormously varied, ranging
from sausages to salads, Trim mince could be
used for traditional fish dishes, such as chow-
ders, seafood Newburgs, and salads, where a
white appearance is valued. If the fish is of good
quality, no odor or off-flavor will exist. Frame
mince can be an excellent red meat substitute in
a variety of preparations where the strong color
and flavor of the food itself will mask any in the
fish. Spagheitti sauce, sloppy joes, taco mix, and
sausage have all been tried with success. Prod-
ucts such as these can be sold fresh-cooked,
frozen, precooked and frozen, or canned, and
can be marketed through a variety of channeis.

What kind of yields should be expected
from mincing? At least one worker has reported
that frozen pollock yielded approximately as
many pounds of mince as it did fillets (Babbitt,
J. K etal., Observations onreprocessing frozen
Alaska pollack [Theragra chalcogrammal). J.
Food Sci. 49:323, 1984). However, this may be
unrealistically high for many operations.

You can determine yields on trim mince in
your operation by weighing a given number of
fish (for example, twenty) as they enter the
processing line, and weighing the trim mince
derived from those fish as the trim exits the line.
The trim should be broken down by categories,
¢.g., worms, blood spots, black membranes,
gaping pieces, etc., so that it is possible to
identify which materials are available for which
end uses; unsuitable pieces should be discarded
before weighing. The experirnent must be done
separately for each species, and should be du-
plicated at least once. Fish of different quality
should be studied separately. Often the poorest
fish can be found on Monday!

In our experience, trim waste will comprise
approximatcly 4% to 5% of the weight of whole
(gutted) haddock in which the pinbones were
left in place. About 80% of this 4% to 5% is
recoverable as mince. This is far lower than
Babbitt's experience with pollock, wherea yield
of over 20% trim mince was obtained. When-
ever“V"” or“J” cutsare done, yields presumably
will be significantly higher than what we found.

Babbitt’s estimate on frarne mince from back-
bones was that almost two-thirds of the W‘?lghl
of the backbones could be recovered as mince,
and that the backbones were almost 20% of the
weight of the original fish. Thus, about 12% of
the original weight of the fish could be recov-
ered as frame mince. In our experience with
haddock, the frames were also very close to
20% of the weight of the whole (gutted) fish.
However, while a yield as high as 66% mince
from frames may be achievable, itis notalways
desirable. Obtaining a better color, flavor, or
texturc may be more important. An estumate of
40% to 50% of the weight of the frame for high-
quality mince might be mnore realistic. This
would amount to 8% to 1% of the weight of
the original fish. Thus, based on work with
gutted haddock, our personal experience sug-
gests that 11% to 14% of the weight of the
original fishis arealistic estimate forcombined
trim and frame mince. We would expect the
yield forcod to be somewhat higher, because of
m “V” or “J” CH[S.

If mince were to becomme a really profitable
item, processors might consider looking into a
new machine developed in Iceland (the Kwikk
205 Fish Head Splitter), which is said tobe able
toremove mince from heads, yielding 5% of the
landed weight. The U.S. patent for this device
was issued in 1986 and has been assigned to
Baader (U.S. Patent Number 4,583,265). This
machine would be of even greater use to any
processor with an ethnic market for cheeks and
tongues (see pages 8—9).

Another possibility, if mince were 1o be-
come popular, would be a two-stage mincing
omﬁm. In the first Stagc' Processors would
good-quality frame mince for use in traditional
products. The second stage of deboning would
use the higher pressures. and smaller hole sizes
of the equipment currently being used by the
poultry industry, for use in producing products
thu.could accepta l°“_’°r‘qllality mince; that s,
:gn%cwwlm mor:; Pigment and stronger fla-

- 1716se second stage mmachines operate on



Figure 2. Basic operation of the auger-type
deboning machins.

Source:Lanier, T. C. and Thomas, F. B. 1978. Minced Fish:
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fresh and frozen. Needless to say, this is
unacceptable. Cod destined for mince,
like cod fillets, must be candled over a
light table and dewormed.

Indeed, for any processor consider-
ing moving into mince production, it is
important 1o recognize at the outset that
mince is a human food product and must
be treated as such at every stage of its
production. This may require areeduca-
tion of the work force.

EVALUATING FISH MINCE
PRODUCTION

In order to consider making mince, a
company would have toinvestina Baader
694 or a similar piece of deboning cquip-
ment. The price of suchmachinesisin the
range of $15,000 to $20,000, although
used equipment is obtainable.

The choice of whether to freeze mince
or go directly to fresh product dependson
a number of considerations, including
freezing facilities, quality, quantity, and
expertise.

its Production and Use. University of North Carolina Sea

Grant College Program Publicadion UNC-SG-78-08, Ra-

leigh, NC, p. 7.

somewhat different mechanical principles from
those designed for fish and described earlier.
They work either by augering the meat to the
inside of a deboning head from which the meat
is expelled through small holes (see Figure 2),
ot by using a hydraulic ram that forces the meat
out through a screen. The hydraulic ram
deboners, although using high pressures, have
the advantage of subjecting the raw material to
only one pressure cycle.

One further word of caution should be added
for processors working with cod or other spe-
cies with heavy parasite Joads. Deboning ma-
chines are designed for getting rid of bones.
Woms pass through most of them intact, and
are quite visible in the finished mince, both

Free2ing Facilities. The production of
stable gadoid (e.g., cod, haddock, whit-
ing, hake, cusk, and pollock) mince re-
quires block-freezing faciliies (i.c., vertcal
plate freezers) at 40°C and cold storage facili-
ties at -30°C or lower, capablc of storing a
significant quantity of material.

Quality. NMFS-proposed standards for
mince emphasize whiteness and uniformity of
color. Mince prepared under this standard is
presumably for use in traditional fish products
such as fish sticks and portions, and fish cakes.
This means that only the highest quality “V” or
“J cut mince will be acceptable.

Quantity. Only a very large output could
justify these capital expenditures for new
equipment, including freczers.
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Expertise. Processors with no cooking
equipment and no experience in the area of
prepared foods may wish to stick to very mini-
mal processing and 1o limit initial sales to fresh
or frozen “chowder fish” or ““fish nuggets,” asa
way of utilizing high-quality trim waste and
damaged fillets without doing any mincing at
all. At the other end of the spectrum are those
processors with significant experience in pre-
pared foods (or the desire and funds to hire a
person with such experience) and good links to
suitable markets. For these people, given the
current increase in away-from-horne and heat-
and-eat seafood consumption, the sky is the
Llimit. Queneclics, sausage-type products, smoked
pités, and so on are all high-priced products
that can utilize minced fish. In between these
two extremes are more moderately priced pre-
parcd foods, which are discussed on page 8.
The processor wishing to manufacture hu-
man food products from mince would also have
to select the proper marketing arrangements,
i.e., wholesale, retail, orinstitutional. Generally
itiseasiest tobreak into the institutional market.

MAKING HUMAN FOOD
PRODUCTS FROM MINCE

There are three major points to be made about
mince, whether it is derived from trim or frames.

First, if tim or frame minces are to be
utilized, then these streams may no longer be
treated as waste. Instead, they must be treated
as human food at every step of the way. Indeed,
they should be treated with even more care than
whole fish or fillets. This is for three reasons:

¢ Like hamburger, the mince has a high sur-
face-to-volume ratio, providing an enor-
mous growing area for microorganisms.

» No portion is protected from bacterial in-
vasion or oxidation by skin or belly mem-
brane.

+ Both rim and frame mince are from the
most fragile parts of the fish, which are most
prone to spoilage, odor, and off-flavor de-
velopment. In addition, frame mince is high
in blood, pigment, kidney tissue, etc., all of
which can develop off-flavors and support
microbial growth particularly rapidly.

For these reasons, frames and trim destined
for food use should be collected immediately in
clean containers and sorted, minced, andcooked
as rapidly as possible. If frames and trim must
be kept for any length of time at all between
steps—even half an hour—they should be put
into cold storage. They should not be kept
overnight. Raw material should be sorted and
chosen early enough in the day to be processed
into frozen or cooked food products prior to
shutdown, Product should not be held, but
should be distributed as quickly as possible.

Second, it is important to remember that not
all trim and frames are suitable for human food
use. We would recommend against production
on Monday from fish which has been stored all
weckend. We also would suggest that trim
waste be sorted by hand, so that severcly discol-
ored or damaged material may be discarded.
(Ideally, the wrimmers might be trained to sepa-
rate food-grade from nonfood-grade trim.)
Similarly, in making frame mince, matcnal
with off-odors should not be used at all, and
even with frames in good condition, the mincer
should not be set at the highest pressure. High
quality should take precedence over high yield.

Third, we suggest usingonly certain species
for mince, In particular, we would warn against
cod, because of warms. If cod trim s to be used
for mince, it must be put on a light table and
dewormed. Cod frames alsoought tobecandled
prior todeboning, although this is more difficult
since the bone blocks out some light.

Finally, in selling minced product, the pro-
ducer will have to decide upon a price and
marketing strategy. The price structure will
depend partly upon the value assigned to the
raw material. We would suggest that values of



about $0.40 for frame mince and $0.60to $0.80
fortrimmince would be reasonable at the present
time (1991), based on the value of related poul-
try and fish materials.

If the producer has made the decision 1o sell
processed food products incorporating mince,
the question of productchoice and development
arises.

As a first value-added processed food prod-
uct, we would recommend something relatively
simple such as a fish salad or a chowder. Sub-
sequently, more challenging products could be
developed. The producer will wish to consider
products on the basis of complexity of prepara-
tion, shelf life, potential local markets, and
profit margins. The producer may also wish to
consider products on the basis of whether they
lend themselves to manufacture from white,
mild-flavored trim mince or from the redder,
more strongly flavored frame mince. The sal-
ads and chowders mentioned above will gencr-
ally require trim mince, So will a variety of
other possible recipes, including fish fingers,
croqueties, nuggets, etc., which could fit into
markets ranging from institutional meal plans
to restaurant happy hours,

Frame mince may be successfully utilized
in red meat analog prodicts, such as taco fill-
ings, chilies, sloppy joes, or spagherti sauces.
While these are unconventional uses of fish, the
end results, when properly formulated, are sur-
prisingly conventional products in appcarance,
flavor, and texture. The strong flavors and
tomato-based sauces cover up any color or
flavor in the mince, and the texture of the mince
provides a hamburger-like chewiness, provided
the proper holesize has been used in the deboner.
The red color of frame mince is largely due to
blood, and this supplies a meat flavor to these
foods, as well as a higher iron content than trim
mince or fillets would provide. If these prod-
UCts are properly labeled and marketed, they
can offer consumers who do not like fish a way
to enjoy the health benefits of fish. They are
also appropriate for institutional sales, where
they offer an atiractive combination of im-
proved nutrition and favorable economics,
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Processors interested in producing and sell-
ing mince in any form can request a copy of
Minced Fish, by J. M. Regenstein, from the
author. Those interested in formulating either
trim or frame mince into processed foods can
also request a copy of Choose Your Title: Ko-
sher Minced Fish CookingiFish Cooking witha
Food Processoriinternational Fish Recipes,
from the authors, J. M. and C. E. Regenstein.
While the recipes given in this latter pamphlet
are small-scale and aimed at home cooks, they
are a good introduction to the possibilities of
minced fish use, and some are suitable for
comunercial production and sale.
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B. Nuggets, Cheeks, and
Tongues

In many processing operations, whether as a
result of trimming or damage to a portion of the
fillet, a significant amount of material may
accumulate daily which cannot be treated as
fitlet, but which is stll high-quality meat. The
processor willing to expend the labor necessary
to put such pieces through the light table for
bone and/or worm removal, may benefit from
the current expanding market for *“nuggets” or
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*“chunks” or other forms suitable for finger
foods or mouthfuls. If sold fresh, these will not
have the texture changes or other cold storage
problems inherent in frozen mince, and should
commarnd a price closer to that of fillets. Such
material can also be sold as “chowder” fish.

For certain ethnic groups, cod checks and
tongues are a traditional food. Cheeks may be
saleable as nuggets in a wide variety of loca-
tons; tongues, because of their unusual gelati-
nous texture, are more problematic. Abco of
Canada produces a special piece of equipment
fortongue removal, and the Icelandic fish head
splitter mentioned earlier separates cheeks,
tongues, and chins. The challenge is to develop
the appropriate markets.

2. FEED AND FERTILIZER
PRODUCTS

Fish processing plants have traditionally dis-
posed of waste material by converting it into
fish meal, which is used as livestock feed. For
several reasons, this technology is no longer a
viable option for many processors. The produc-
tion of liquefied fish (also known as “fish di-
gests,” “hydrolysates,” or “fish silage™} for fer-
tilizer or feed products may be an attractive
alternative.

A. Fish Meal

The manufacture of fish meal has been the
classic method for stabilizing fish processing
plant wastes and industrial fish since the nine-
teenth century. In fish meal production, fish are
ground, cooked, pressed to remove excess oil
and water, dried, and reground 10 a fine texture.
There are a number of minor variations on this
theme, but this is the basic process. The result-
ing meal is a highly regarded livestock feed,
with an average protein content of 60%, and a
well-established global commoditics market
However, the reputation and, indeed, the exist-

ence, of fish meal plantsas ameans of disposing
of offal in the Northeast have been damaged by
two trends.

First, fish meal has lost value in its primary
fecd market, which is poultry. A decade or so
ago, fish meal stll offered certain vitamins and
minerals that were unavailable from other
sources. In some cases, these were unidentified
scientifically except by their beneficial effect
on growth, hence their original name: unidenti-
fied growth factors. Fish meal was also a par-
ticularly valuable sourcc of the right amino
acids in the proper balance. These properties
gave it a strong economic advantage in the
poultry feed market. Since then, the vitamins
and minerals provided by fish meal have been
identified and cheap alternative sources have
sprung up. (Only with young turkeys is there
still the possibility of an enidentified growth
factor.) Adlditionally, the feed industry has pio-
neered and adapted the concepts of ration bal-
ancing and least-cost formulation, in which
cach feedstuff’s amino acid content is quanti-
tated. The least expensive mix providing the
requisite amino acid profile and all other re-
quirements for the best productivity of the ani-
mal is determined by a computer program. In
the last few years, several of the most important
amino acids for livestock feeds have been syn-
thesized in enormous quantities and at low
prices.

The net result of all of these advances has
been that fish meal is no longer seen as neces-
sary for poulory. Feed manufacturers will use it
only if it is economically competitive with soy-
bean meal and other cheap protein sources. In
general, this means that fish meal will sell at
about 1.6 to 1.8 times the price of soybean meal.
Unfortunately, the price of soybeanmeal dipped
very low recently, and the price of fish meal fell
accordingly. Some fish meal plant owners and
managers have closed their plants down; others
have responded by stopping investment in and
updating of existing plants. These plants had
been based on nineteenth-century technologies
10 begin with, and many had become eyesores
and polluters of both air and water. The result
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has been d\eclosingofmostofmcplamsinﬂw
Northeast. To the best of our knowledge, the
Northeast currently has only one small fish
meal plant which operates in New York (in
Greenport, Long Island) and handles the waste
from the filleting plant it is in. Larger, commer-
cial fish meal plants in Gloucester, Massachu-
setts; South Portland, Maine; and Rockland,
Maine have all been closed down over the last
few years as a result of pressure from angry
neighbors. Attempts to construct & new, mod-
ern, minimally polluting plant in either
Gloucester or New Bedford, Massachusetts,
have run into serious community opposition.

In fact, it is now possible to construct and
run a fish meal plant in such a fashion that it can
exist in a city withour antagonizing its neigh-
bors. A plantof this sort, after a shaky start, now
operates in Aberdeen, Scotland, and isrunby a
processors’ cooperative. However, such aplant
must not only be engineered so that both air and
water are cleaned before emission, but also
must be operated in such a way that gurry is
delivered in closed, insulated containers or re-
frigerated crucks, and stored for short periods of
time only, in closed, refrigerated pits. The real
questions center upon the economics of operat-
ing such a plant and the alternatives to it.

The most recent economic analysis sug-
gests that fish meal plant profitability is largely
dependent upon economies of scale so that a
small piant starts with one strike againstit. (Fish
Waste Handling Systems for New England, 1986,
Prepared by American Composite Technology.
Available for $25 from the New England Fish-
eries Development Association, Boston,

MA)

Doces a white fish meal made from finfish
processing plant wastes have any special eco-
nomic value that would justify the construction
of a small, clean meal plant? In most fish meal
moarkets, such as those for poultry and aqua-
culture feed, a white fish meal actually has a
lower value than the usual oily fish meals made
of i il}dusuia! fish such as menhaden (of U.S.
onginjor herring or anchovy (imported). There
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isonly one market we have been able to identify
that pays & premium price for white fish mea]
made to its specifications. The Taiwanese eel
feed market purchases large quantities of white
fish meal at prices significantly higher than
those in the commodities feed market. Whether
this market, when costs to deliver product are
considered, pays sufficiently well to justify the
construction of a small fishmeal plantisanother
matter, particularly when one considers that this
market’s specifications are stringent but un-
written, and product lots are frequently refused.

No processors should consider a small mea!
plant without having negotiated with their mar-
ket ahead of time, in order to establish some
economic baseline. Additionally, unless their
situation is unusually isolated, they should be
certain that their neighbors are not going to
litigate them into bankruptcy at the first sign of
pollution, since no engineering system per-
forms perfectly all of the time.

(In some countries of the world, a human-
grade fish meal is produced, usually from the
oilier fish. These operations are often subsi-
dized by the local government and do not seem
to offer any market opportunities to the U.S.
processor.)

For the reasons cited above, it would appear
that fish meal production is no longer a viable
technology for economic waste disposal/utili-
zation in the crowded Northeast. The alterna-
tives discussed below may find potential appli-
cation in this area.

B. Hydrolysis

Hydrolysis really is a family of technologies,
rather than a single method of dealing with
waste. What all hydrolyzing technologies have
in common is that they use protein-digesting
enzymes to liquefy the fish flesh. As you Wﬁl
see in the description that follows, hydrolysis
technologies are sometimes, but not always,
complicated. U.S. markets for fish hydroly-
sates have only recently started to develop, 81{‘1
very few U.S. fish processors are using this
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technology for waste disposal at this time.
However, this number is increasing.

We believe that there are three reasons why
hydrolysis is worth serious consideration:

1. Hydrolytic processes are very clean. They
can be carried out on a large scale in a
congested urban area, and preduce essen-
tially no odor.

2. Hydrolysiscanbedone onarelatively small
scalc onaplant- by-plant basis, since capital
costs for most hydrolytic processes are rela-
tively low. A major reason for the low
capital costs (and the low odor production)
is that once the fish is liquefied, it may be
preserved wet by the addition of acid. If the
product has to be dried, however, the situa-
tion changes. Drying will be discussed be-
low.

3. Potential profits are surprisingly high for
processors who can fit their products to the
needs of one of the developing markets,

HYDROLYTIC PROCESSES

Hydrolytic technologies are often divided into
two categories: acid hydrolysis (also known as
fish silage} and enzyme hydrolysis (also known
as liquefied fish protein). Though these two
types of hydrolysis developed at different times
and for different reasons, the division between
them is currently somcwhat artificial. The tech-
nologies have become sufficiently sophisticated
thataspects of bothcategories may be combined
into a single process. Nevertheless, the two
categories are most easily understood in terms
of their separate development. Note that both
technologies use enzymes to liquefy the fish
flesh, and these enzymes may come from the
fish itself or may be purchased commercially.
Both technologies are shown diagrammatically
on page 12. The major difference is that fish
silage or acid hydrolysis is preserved immedi-
ately by the addition of acid and permitied to

digestitsclf overrelatively long periods of time,
while enzyme hydrolysis usually refers to a
short, highly controlled digestion. When this
digestion has gone as far as is desired, it is
stopped and the digested liquid may be sepa-
rated from the bones by screening. Oil may be
decanted off, and the resulting wet digest may
be stabilized by acidification or drying.

Enzymes are natural molecules found in all
living cells. Enzymes carry out all of the chemi-
cal reactions necessary for life, but are very
specific; that is, one enzyme carrics out only
one type of reaction. Enzymes are caralysis,
which means that they speed up reactions without
being affected by them. Thus, when the cata-
lyzed reaction is completed, the enzyme is un-
changed and can continue working. Since the
same molecule of enzyme can carry out the
same task so many times (and, if conditions are
correct, sorapidly), a relatively small amount of
enzyme can digest a very large quantity of fish
waste, (Forexample, ittakes aboutonepound of
papain to digest one ton of gurry in about fiftcen
minutes.) Enzymes are themselves made mostly
of protein and have very specific requirements
in terms of acidity, temperature, etc. If these
requirements are not met, the enzyme will work
more slowly. If the environment becomes too
hostile (for example, through freezing or boil-
ing), the enzyme may be permanently destroyed.
What will kill one enzyme may not affect an-
other, so itis important to know cach enzyme's
Tequirements.

In enzyme hydrolysis we are concerned
with two sets of ternperature requirements; first,
that at which the enzyme’s activity is greatest,
and second, when digestion is complete, that at
which the enzyme is inactivated by heating. In
our experience, commercial enzymes of veg-
etable origin, such as papain, are inactivated at
higher temperatures than arc natural fish vis-
ceral enzymes.

Acid Hydrolysis. The fish waste is ground,
placed in an acid-proof container, and stirred,
while one of a number of commercially avail-
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Figure 3. Hydrolysis protocols.

able acids is added in sufficicnt quantity to
prevent the product from spoiling. If the end
product is to be used as a feed, an antioxidant
shouid be added to protect the oils present.
(Adding acid is the equivalent of pickling; in
fact, the flavor and texture changes in pickled
herring are the result of a limited hydrolysis.)
The amount and kind of acid required and the

final pH (acid content) will depend on the
product’s end use; however, for adequate pres-
ervation the pH should always be 4 or below.
The acid preserves the waste while the enzymes
naturally present in the fish tissue digestit. This
digestion will continue as long as the enzymes
are alive and there is tissue left to digest. The
material is stirred on a regular basis; once or



Improving the Proftinbility of Finfish Processing Waste

twice aday atfirstand several times a week later
on. The process is usually carried out at ambient
temperature. The digestion could be speeded up
by heating, but since the product has enough
acid to keep it from spoiling, there is not much
point in expending energy to speed up the pro-
cess; presumably, the material is just going tosit
around for a while anyway. In fact, one of the
great advantages of fish silage is that it can be
stored for years, if necessary.

If viscera are present in the waste, the diges-
tion will go more rapidly, since the viscera
contain a high concentration of digestive en-
zymes. If the wastes do not contain viscera,
enzymes present in the other fish tissues (par-
tcularly the head) will camry out digestion;
however, it will occur more slowly and the final
product may be more viscous (thick and por-
ridge-like). If the fish have been frozen, hy-
drolysis may not occur at gll, since enzymes
may be killed by freezing; however, this ap-
pears to vary from species to species. The ga-
doid fish appear to be most likely to have
enzymes that arc destroyed by freezing; other
types of frozen fish may contain adequate en-
zyme activities for acid hydrolysis. Test your
material. In cooked materials, however, all en-
zymes will have been destroyed and hydrolysis
certainly will not occur unless active enzymes
are added. Note that protein-digesting enzymes
which will work under acid conditions are
available commercially. They are called acid
proteases.

The timetable for liquefaction using acid
hydrolysis may range from a few days, if vis-
cera are present and the temperature is warm, to
weeks if there are no viscera and the material is
cold. If the material is not stirred, it will even-
tually separate, with oil floating to the top and
bone fragments and sludge sinking to the bot-
tom. The more viscous the product, the slower
the separation rate. For certain products, such as
aquaculture feeds, the oil may have value. For
other products, itmay be preferableor necessary
to separate the oil off. In all cases where a
hydrolysate will be uscd as & feed, an antioxi-
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dant (usually, ethoxyquin) should be added at
the start, and it is probably 2 good idea to usc an
antioxidant in any event.

Even when the oil is SCpmtﬂl off, and the
sludge is Ieft behind when the liquid portion of
the hydrolysate is taken off, acid hydrolysate
yields are still extremely high, because essen-
tially all of the water from the original wastes is
left in the hydrolysate. In fact, in cases where
any hydrolysate is keptintact, wet yields can be
over 100% because they include all or most of
the original material plus the added acid. Al-
though these high yields sound enticing, and
mean that the high costs of condensation or
drying are eliminated, they also mean that large
quantities of water must be stored and shipped.
Further, all containers must be acid-resistant.
So high yields of wet, acidified product are
desirable only if the price is high or if local
markets are available.

Provided that the appropriate acids arc used,
acid hydrolysates can be fed directly toa variety
of livestock species, ranging from pigs, poultry,
cows, and sheep to trout and salmon. Phospho-
ric acid is often used for production of fertiliz-
ers. Acetic or phosphoric acid may be used for
feeds for fish and fur-bearing animals, while
formic acid has been used to produce kydroly-
sates used to feed almost all domestic livestock
species. Animals have taste preferences, just as
humans do. In deciding which acids to use, ease
of handling and economics arc important, but
animal preferences should also be taken into
consideration. The ideal would be to work with
an Extension Agent specializing in animal nu-
trition. If this is not possible, you may be able to
work with a local farmer. Keep in mind the
followingrules: (1) Addthe new material tothe
dict a little at a time. (2) Give the animal at least
a week to get used to it. (3) Once the animal is
catingitat the level planned for ration inclusion,
watch carefully for at least one more week to
mzake sure that no digestive upsets occur.

Enzyme Hydrol-ysis. The major differ-
ences between acid hydrolysis and enzyme
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hydrolysis are the level of control over the
enzyme activity, and the speed of the reaction,
Enzyme hydrolyses are carried out in heated
reaction vessels, at set temperatures, For ex-
ample, the ground fish waste plus antioxidant
and enzyme (if it were needed) might be heated
10 60°C (140°F), and kept at that temperature for
fifteen minutes to two hours, depending upon
the enzyme activity and the desired degree of
digestion. The material would be stirred con-
tinuously to ensure even heating and penetra-
tion of the enzyme to all parts. Once the desired
level of digestion was reached, the material
would be further heated to near boiling. This
would pasteurize the waste and it would kill the
enzymes and stop the digestion. Since all the
flesh would now have liquefied, the hydrolysate
could be poured through a screen to remove the
bone fragments, and it could be put through a
decanter to separate out oil. The resulting mate-
rial could be acidified wet, or it could be con-
densedto 50% water and acidified, oritcould be
dried. The costs of drying are high and usually
only very large producers have made this in-
vestment.

Comparison of Acid Hydrolysls and
Enzyme Hydrolysis. The digestion of the
fish protein is often morc complete with acid
hydrolysis than with enzyme hydrolysis. Since
nothing is done to inactivate the enzymes pre-
sent, they go on working for a very long time.
However, it is important to remember that a
more complete digestion does not necessarily
mean abetter product. The extent of digestionin
enzyme hydrolyses is more controllable, and
more consistent from batch to batch. Indeed,
because proteins that have been completely
digested (down to amino acids) are less palat-
able and of less value to most animals than those
that have been only partly digested, several
research groups have worked on ways to limit
protein breakdown in acid hydrolysates, such as
heating or adding additional acid or inhibitory
compounds after 2 given amount of digestion
has occurred.
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Historically, these two types of hydrolysis
developed at different times and for different
reasons. Acid hydrolysis was developed in
Northem Europe during World War II as a
simple, inexpensive way to stabilize fish wastes
for use as livestock feed without using precious
fuel for drying. Distances between the fish
plants and the farming areas were minimal, so
the high water content was not a serious prob-
lem, This fish silage was not a high-guality
livestock feed, since the protein was usually
over-digested and the oil content was often
oxidized (which led to off-flavor meat), but no
one was fussy in wartime. The silage kept the
animals alive. Possibly because of its reputation
as a poor-quality feed, very little work has been
done in this country on fish silage for livestock,
although several processors have used acid hy-
drolysis to produce fish fertilizers for home
gardens and potted plants.

Enzyme hydrolysis of fish waste was also
developed in Europe, but at a later time, when
enzymes became commercially available and
fuel became more economical. Because of the
costs of capital equipment and energy for heat-
ing and drying, enzyme hydrolysis was always
seen as a technology that would be applied to
relatively large-scale commercial ventures. To
date, the most successful venture has been that
of the French cooperative Soprapeche, which
for over twenty years has been manufacturing a
spray-dried enzyme hydrolysate from process-
ing wastes that commands a premium price asa
soluble, high-protein, partially predigested
ingredient in milk replacers for early weaned
calves and piglets.

As we mentioned earlier, since the origins
of these two technologies, the line between
them has been blurred. One can, forexample,do
an enzyme hydrolysis and, instead of drying
after pasteurization, add acid to preserve the
digest in liquid form. Acid hydrolysates can be
condensed or dried. To give an example of the
variations possible, a hydrolyzed product is
currently being made in the Northeast, in which
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sardine waste is ground, heated, and partially
de-oiled. A bacterial culture similar to the ones
used tomake yogurtis then added, together with
molasses (as a carbohydrate source to help the
bacteria grow); the material is then moved to a
fermentation tank. The bacteria use the sugarin
the molasses to produce lactic acid, and this
acidified digest is subsequently partially dried.

Nevertheless, despite these refinements,
which blur the line between acid and enzyme
digests, there are still two basic approaches to
hydrolysis, One approach is geared to inex-
pensive, odorless waste disposal. Itis kept very
simple, has low capital costs, and gives a wet
acidified product that may be used as a feed or
fertilizer. This is the silage approach, and it is
well suited torelatively small amounts of waste.

The second approach is far more controlled,
has much higher capital costs, and produces a
product {(or products), usually in dry or con-
densed form, which may be sold at relatively
high prices to specialized markets.

Either of the two basic approaches will
solve a waste and/or a pollution problem. Both
use enzymes to liquefy the protein of fish flesh.
Apart from this, they have little incommon, and
require very different attitudes and investments
from processors.

The more complex hydrolyses do not make
sense unless processors have access to a large
quantity of high-quality waste, have capital to
spare, can gear their manufacturing process and
raw materials to a particular market from the
very start, and can work with experts to develop
an acceptable and saleable product. The plant
must also have the management skills necessary
10 supervise the technology being undertaken.

What are some U.S. markets for enzyme
hydrolysates?

* Highly soluble, partly predigested, protein
ingredients for early weaned pig feeds.

» Aquacutture feed ingredients, especially for
semi-moist pellets for salmon culture.
(Salmon prefer semi-moist todry feeds, and
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appear to like some of the hydrolysate fla-
VOrs.}

« High-quality and consistemt organic fertl-
izers.

It may be useful at this point to discuss the
propertics that the various enzyme hydrolysates
offer the marketplace, and how these properties
differ from those of fish meal. One obvious
difference between hydrolysates and fish meal
is that hydrolysates can be stabilized in cithera
dry ora wet form. The wet form must be acidic,
but some of the markets listed above can accept
acidity, providing they can choose which acid is
used.

A propenty that hydrolysates and fish meals
share is variable oil contents, ranging from
almost none 1o close to 20%. Both classes of
products use the same antioxidant: ethoxyquin
or Santoquin (Monsanto), to prevent the oil
from becoming rancid.

Hydrolysates can offer a higher protein
content than fish meals. Protein contents of fish
meal range from around 60% to 70%, while
hydrolysates offer protein contents fromaround
80% 1o over 90% on a dry-weight basis. The
major reason for this difference is that fish
meals contain al! the bone of the original raw
material, while hydrolysates may be screened to
remove bone fragments. (In some acid hydro-
lysates, however, all the bone is dissolved.)
Since their ash (mineral) content is lower, the
hydrolysates’ protein content can be higher.
From the viewpoint of the animal feed markets,
protein content is what counts, and this raises
the value of hydrolysates.

Unlike fish meal, hydrolysates are soluble
in water, This allows them to be resuspended
which, in turn, perrmits them to be utilized either
as a spray in the fertilizer industry, or in liquid
feeding systems, such as calf milk replacers,

Perhaps the most unique feature of hy-
drolysates is the fact that they have been partly
predigested and that the extent of this digestion
is variabic and (in enzyme hydrolysis) contro}-
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Iable. This feature offers two valuable proper-
ties to the marketplace. First, it provides im-
proved digestibility and thus improved feed
utilization to very young animals with imma-
ture digestive tracts. Second, because the par-
tial digestion of proteins can create strong and
complex flavors, hydrolysates may offer en-
hanced palatability w0 a number of different
species.

Because these products and markets are
new and varied, itis difficult to pin down prices.
At this time, values placed on fish protein hy-
drolysates (or “fish digests,” as some segments
of the feed industry call themn) range from about
$0.07 to $0.20/1b for wet products, $0.20 to
$1.001b for products concentrated down to
50% solids, and fromabout $0.75toover $1.00/
1b for dry ones.

PRODUCING FISH FERTILIZERS

The manufacture of liquid fish, which can be
used as afertilizer, isrelatively simple. However,
to manufacture and sell a commercial fertitizer
is somewhat more difficult.

Any processor interested in producing a
fish-based fertilizer should write to the Uni-
versity of Wisconsin Sea Grant Institute, 1800
University Ave., Madison, WI 53705 to request
a copy of publication #86-789, Handling Fish-
eryWastes and By-Products. Authored by D, A.
Stuiber, R. C. Lindsay, and R. Vilstrup, the
Wisconsin report is quite complete and covers
essentially every step of the process of making
a fish-based fertilizer.

Those wishing to learn more about the tech-
nical aspects of hydrolysis and to understand
the underlying principles should consider pur-
chasing Fish Protein Hydrolysis: A User' s Guide
by 5. Goldhor; it is available from the New
England Fisheries Development Association,
230 Northern Ave., Boston, MA 02210.

In this report, we cover a few points re-
garding the production of fish-based fertilizer
not addressed elsewhere in the literature. We
will not repeat niost of what the Wisconsin
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report covers. There are, however, a few points
that are not covered there and some things it
might be appropriate to change; we discuss
these items in some detait.

The two major difficulties in producing and
selling a commercial fertilizer are the need to
condense it and the need to list the N:P:K ratio
on the label.

1. Condensation. Most commercial fish
emulsion fertilizers are condensed. Most
fish are 75% to 80% water, and hydroly-
sates are naturally the same. However, if
you buy a fish emulsion fertilizer in the
supermarket, it will be about 50% water,
This is because water has been evaporated
from it. Thus, when you buy a pound of
such fertilizer, you are actually buying the
protein from 3 to 4 lbs of fish. (This is
calculated as follows: a pound of raw fish
may be 20% to 25% solids, but only 12% to
16% of this is protein; the rest is bone and
oil. In the fertilizer, most of the bone and oil
have been removed, so that the 50% solids
content is largely protein. This is three to
four imes the 12% to 16% protein content
of the raw fish.)

Unfortunately, there is no cheap and
simple method for condensing relatively
small quantities of liquid fish, despite ongo-
ing research in this area. The small pro-
ducer must either sell uncondensed product
locally to farmers and gardeners, or sell it to
a larger fertilizer manufacturer who will
carry out the condensation and then pack-
age the product for retail sale.

2. N:P:K. All fertilizers marketed in the
United States must show on their labels the
percents of nitrogen (N), phosphorus (P),
and potassium (K) present, The analysis of
N, P, and K is something that can be done by
a number of commmercial laboratories, as
well as by the soil and fertilizer labs run by
many state extension services. (The exten-
sion service will often do the same tests
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more cheaply than a commercial lab will.)
Most commercial fish fertilizers have N:P:K
ratios of between 5:1:1 and 5:4:4. However,
not all of these chemicals come from the
fish. Some are added by the manufacturer to
achieve the desired ratio. In commercial
condensed fish fertilizer all the N might be
from the fish protein. However, the product
from your fish processing plant will be
uncondensed, and its N content will most
likely be somewhere between 1 and 2, The
percent of P in your product will vary,
according to how much bone has been left
in, and whether or not you have used phos-
phoric acid. K will be quite low; below 1.
The Wisconsin report tells how to achieve
commercially acceptable rattos by the addi-
tion of various chemicals to the fertilizer,
starting with the use of phosphoric acid for
preservation. Apart from the addition of
acid, which is reasonably simple, the calcu-
lations suggested for figuring out how much
of each chemical to add are not simple, We
recommend getting help with the first three
batches that you make. If the second and
third batches have the same analysis as the
first, and everything went similarly and
smoothly for all three batches, then you can
justfollow the recipe for subsequent batches
and may have to analyze only occasionally;
say, once every fifth batch. QOtherwise you
will need to arrange for an analysis on ¢ach
batch of fertilizer you produce.

Note: Depending upon the route you
have chosen for marketing your product,
you may not have to add any chemicals,
apart from acid for preservation. If you are
going to sefl your product in bulk to a
fertihizerdistributor, the distributormay wish
toadd chemicals to particular specifications.
Alternatively, if you make an arrangement
to sell to local organic growers, they will
have their own set of requirements and
prohibitions. They will probably request
that chemicals not be added, even if this
means that the percentages of N, P, and K
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present are very low.

Since organic growers are often willing
to pay more for products that are natural and
unadutterated, they represent a very desir-
able market. However, negotiate in advance
as to what kind of acid they will accept; they
may refuse phosphoric.

Apart from the analysis and calculation for
addition of chemicals, the method for making
the fertilizer is fairly straightforward and not
overly difficult. The major warning is that a
large quantity of phosphoric acid is unsed.
Phosphoric acid is a relatively mild acid com-
pared to strong acids such as hydrochloric,
sulfuric, and nitric, butitis an acid and it should be
treated with respect. Employees using it must be
warned aboutit and must wear protective goggles,
gloves, coats, and footwear. (Note: gloves or boots
with holes in them are worse than no gioves or
boots at all; check these daily)) Spills onto the
floor should be neutralized with baking soda be-
fore being hosed off, and a water hose which can
be turned on from either end should be nearby and
always connected and ready o wash off any
employee who spills acid on his or her skin. In this
event, use large quantities of water and do so

Asismentioned in the Wisconsin report, the
final fertilizer must be bottled in acid-resistant
plastic rather than glass. The reason is thatif a
mistake is made and insufficientacid is added to
prevent growth of microorganisms, the fertilizer
could ferment and produce gas. If plasticbottles
are used, they will sirerch and develop pinhole
lcaks, but glass could cxplode and cause great
damage and personal injury (and lawsuits). We
would suggest opaque bottles for three reasons:
first, the material is not an attractive color;
second, this color may vary slightly from batch
to baich; and third, this will cover up slight
variations in fill level if filling is done by hand.
(If you sell in bulk to a distributor or to local
growers, they will probably want the product
packagedin 55 gallondrums or 5 gallon buckets.)

The process suggested by the Wisconsin
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workers is really an acid hydrolysis, speeded up
by the use of heat, in which the acid preserves
the fish from microbial growth and degradation,
while enzymes present in the fish tissue break it
down into a thick liquid. (For processors using
gutted fish, it may be necessary to provide an
additional source of enzymes—by purchasing
proteolytic [protein-digesting] enzymes, by
obtaining fish viscera, or by initially grinding
the gurry very fine.) If the material is left fora
long enough time, even the bones will be dis-
solved by the acid, and the processor can skip
the step of screening the fertilizer. In this case,
the chemicals in the bones will neutralize some
of the acid, but we are making the assumption
that the amount of acid in the Wisconsin proce-
dure is sufficient to preserve the gurry, even
with some neutralization. This neutralization
will not lower the P content; in fact, it will be
raised slightly by the phosphorus in the bones.
If you find that the level of acid used is insuf-
ficient to preserve the gurry, screening out the
bones may be cheaper than adding more acid.
(Very finely ground bones will be impossible to
screen out. A quarter-inch hamburger plate in
the grinder has worked wetl for us, making the
fragments of flesh small enough to be digested
easily while leaving the fragments of bone large
enough to remove easily.)

There are some points in the Wisconsin
recommendations which we fecl may not be
appropriate for everyone. For example, the
report makes the assumption that the processor
will make a batch of fertilizer each day, to getrid
of that day’s waste, and that each batch will be
completely digested within that day. This can
only be accomplished by heating the acidified
gurry; at room temperature the digestion may
take anywhere from a week to more than a
month, depending on what the room temperature
happens to be and on whether or not viscera are
present {and at what percent). (While we keep
referring 1o acid as a preservative, inorganic
acids [which are defined as acids that do not
contain carbon atoms], such as phosphoric, will
not protect against mold. For this reason, itisa
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good idea to add a mold inhibitor. We use
0.25% [a quarter of one percent] potassium
propionate.)

The Wisconsin procedure produces a com-
pletely digested product within a twelve-hour
processing period by utilizing stainless sieel,
propeller-equipped, heat-jacketed equipment
(they supggest used milk batch pasteurizers)
which can maintain the ground, acidified gurry
at 60°C (140°F) while stirring continuously.
This seems impractical to us for several rea-
sons. First, a processing day is not usually
twelve hourslong. Second, even used equipment
of this sort can be quite expensive. Third, this
process would require a fair bit of energy input.

When contacted, the scnior author of the
Wisconsin report indicated that modifications
of the paper may be warranted. Even with
stainess stecl equipment, they found corrosion
of gaskets, joints, etc. They would now rec-
ommend staying away from stainless steel and
using fiberglass instead. Fiberglass is light, in-
expensive, acid-resistant, and easy to mold,
join, etc. A fiberglasstankis veryeasy to make.
If you want the capacity to heat the hydrolysate,
a water-jacketed fiberglass tank is still reason-
ably easy to make. Do not forget that if your
tank has a spigot or valve so that hydrolysate
can be removed from the bottom, then this
spigot or valve must be acid-resistant as welk. (It
also must be protected by screening, or be large
enough sothatitdoes not get blocked by bones.)

There is one situation in which you can use
metal equipment without difficulty. If you add
a commercial proteolytic {protein-digesting)
enzyme, or if you have a high ratio of active
viscera to fish flesh, you may get extremely
rapid liquefaction at 60°C (140°F). We have
seen liquefaction occur in less than one half-
hour. When liquefaction occurs this rapidly, it
is unnecessary to add the acid ahead of time.
Thus the neutral material can be digested and
the liquid mass acidified after digestion is com-
plete.

Infact, if you make an acid hydrolysate, itis
important torecognize thatevery single piece of



Improving the Profitability of Finfish Processing Waste

equipment you use must be acid-resistant. This
includes equipment for storing and shipping the
hydrolysate, as well as equipment for maau-
facturing it. In some cases, you will have todo
trials of your own, or check with manufacturers
or university chemists. Some plastics, such as
polyethylene, are acid-resistant, while others
become brittle and crack after long contact with
acids. The same is true for different types of
rubber, Most metals are dissolved by acids.
There are grades of stainless steel that are acid-
resistant, but these can be quite expensive. Glass
and fiberglass are acid-resistant. In evaluating
bottles, check the caps as well; in evaluating
metal equipment, check the gaskets carefully.
Remember that a substance may not instantly
dissolve in acid, but may corrode, harden, or
crack over a period of time, so that long-term
trials are needed. If you are adding a commer-
cial enzyme to an acid hydrolysate, the enzyme
must also be one that can work in an acidic
environment. Such enzymes are available and
are called acid proteases.

Acid hydrolysates do not have to be heated.
However, heating provides several benefits.
First, it makes liquefaction occur much more
rapidly. Second, it permits a much more con-
sistentand predictable timetable for liquefaction.
This is beneficial for the producer who needs to
process a given amount of material each day. In
some cascs, particularly where viscera are not
present, or when the temperature is very low,
sufficient liquefaction may not occur without
some heating. (This is casy to test on a small
scale.) Finally, some heat appears to be neces-
sary with high-oil fish, to render out the oil and
permit it to be separated off.

What level of heat should be applied? The
most important specification is that, with vis-
ceral enzymes, the temperature should never be
more than 60°C (140°F); above this level, the
enzymes carrying out the liquefaction of the
fish will be killed. At the other end of the scale,
some workers have suggested that 20°C (68°F)
is the minimum temperature for achieving a
reasonably rapid digestion of cold water fish.
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In general, with temperatures of 23°C to
30°C (73°F to 86°F), reasonable liquefaction
occurs in about a week. The Wisconsin workers
found that liquefaction occurred in their mate-
rial in 96 hours (4 days) a1 38°C (100°F) and in
12 hours at 60°C (140°F). Work on trout, sar-
dine, and herring digested in the presence of
viscera has shown liquefaction in about one
half-hour at 60°C (140°F).

Thus, the type of fish used can have a major
effect on the time required for liquefaction.
Indeed the rate of liquefaction may be affected
by many factors. The presence or absence of
viscera will have a large effect, while the
physiological condition of the fish, the pHof the
hydrolysate, and the fattiness of the fish will all
have smaller effects. Your material is unique;
experiment withit. Andif at any time your raw
material changes, experiment with that. Do not
make a giant batch of a new material, assurning
that it will behave like what you worked with
before.

How should heat bc applied to an acid
hydrolysate? A heating coil immersed in the
hydrolysate is not recommended for two rea-
sons. First, it is likely to corrode. Second, it
tends to heat locally, so that the temperature
may be too high right next to the coil and too
low a foot away. On the other hand, a jacketed
hydrolysis tank permits heating by circulating
hot water through the jacket. Clearly, money
can be saved if your facility is producing hot
water anyway, and wasting it. Thisis often the
case in plants with compressors. Stuiber sug-
gests connecting the source of hot water to the
hydrolysis tank via a small reservoir with an
overflow leading 1o a drain. We also suggesta
control device with a thermostat to pump the
hot water through the jacket at a rate that will
maintain the desired temperature,

Whether the hydrolysate is heated or not, it
needs to be mixed. However, if it is not going
to be heated, occasional mixing is sufficient,
while if itis going to be heated, constant mixing
will probably be necessary to maintain the same
temperature throughout the tank. There are two
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points to be kept in mind when purchasing a
mixer. First, it must be acid-resistant. Second,
it must be heavy-duty. It should be capable of
moving very heavy, viscous material over long
periods of time. The hydrolysate will eventu-
ally liquefy but, at the start, may be close to the
consistency of hamburger. (Some people have
found it helpful to add a small portion of the
liquefied final product from a previous batch of
hydrolysate in order to decrease the mixture's
viscosity at the start.) It will take a strong mixer
to deal with this material. Stuiber recommends
cither a peristaltic pump or another positive
displacement pump. Alternatively, he suggests
a Lightin mixer coated with plastic or rubber.
Make sure that any part of any purnp or mixer
coming in contact with the hydrolysate is re-
sistant to corrosion by acid. (“Contact” in-
cludes splashing.)

If the hydrolysate will not be heated but will
simply be left after acidification to liquefy at
ambient temperatures, then a plastic or wooden
paddle will be sufficient (exception: do not use
a wooden paddle in phosphoric acid). It is very
important that the initial mixing be thorough. If
the acid does not penetrate to every bir of
miunced offal, pockets of decay will result. After
the initial mixing, stirring once a day or once
cvery few days should do the job. Make sure
that the paddle reaches down to the bottom of
the tank so as to agitate the sludge that will settle
there.

The other major piece of equipment needed
will be a grinder. The gurry must be ground to
approximately the consistency of hamburger
beforeitisacidified. Donot purchase the grinder
until preliminary small-scale experiments have
been carried out. A finer grind may be one way
to deal with the lessened digestion cansed by a
tack of viscera, but may make it impossible to
screen out bones. If your gurry contains fish
hooks or other metal objects, these will have to
be removed prior to grinding.

Once the fish waste is ground, it should be
acidified (and stirred) right away so that spoil-
age doesn’t occur. The acidification procedure
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described in the Wisconsin report, which we
recommend, uses phosphoric acid at a level
which provides 4% P (phosphorus) in the final
product. Because acids as purchased are aimost
always less than 100% acid, and because not
every atom of phosphoric acid is an atom of
phosphorus, this does not mean adding 4 lbs of
acid to each 100 Ibs of gurry. Asthe Wisconsin
report points out, this means adding 6.96 1bs of
phosphoric acid if the label says that it is 85%
phosphoric acid, or 7.96 1bs if the label says that
itis 75%. If there is ever any doubt, it is better
to add a little extra acid rather than being a little
under.

We mentioned earlier that commercial fish
fertilizers come in a variety of N:P:K percent
formulas; these include 5:1:1, 5:2:2, and 5:4:4.
Since we follow the Wisconsin report in rec-
ommending the addition of phosphoric acid to
a final level of 4% phosphorus, we already have
a P level of 4. The easiest formulation is
therefore 5:4:4, which means thatextraNand K
must be added, after the batch is digested and
analyzed, to bring these elements up to the
proper levels. As we said earlier, professional
assistance will be required the first few times to
help figure out how much of each element is
present and whether other appropriate chemi-
cals should be added. USDA’s Plant, Soil, and
Nutrition Labs or a Land Grant University’s
Cooperative Extension Specialists in agronomy
may be able toeither do the work or recommend
a laboratory to do it. These people should also
be able to give accurate advice on labeling
requirements for fertilizers, and tosuggest other
analytical tests that might be helpful. Again,
keep your market in mind. The owners of house
plants may wish for a complete fertilizer, but
farmers and organic gardeners will probably
prefer minimal additions.

Since the standardization of a batch of fer-
tilizer is time-consuming and costly, it pays to
make reasonably large batches. This is one
reason why we suggest processing and/or storing
in large fiberglass tanks. This does not mean
that all of the gurry must be ground and added
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atonce. There is no reason why you cannot add
gurry and acid to the previous day”s {or week’s)
batch. However, you should probably not add
gurry over a period longer than two weeks since
the enzymes do get slowly inactivated over
time, and eventually a new batch, diluied by
being mixed with the older ones, will simply not
have enough enzyme present to be digested.

There is, of course, another constraint on
how big a batch you should make, and that is
how much you can market. While this material
stores quite well, there is no point in having it
sitting around for years on end. Letus picture a
situation where there are two tanks in place,
cachone holding 1,000 gallons, wheretempera-
ture in the plant is 10°C (50°F), and no viscera
are present in the gurry. A thousand gallons is
essentially equal to 8,000 Ibs or 4 tons. You
wouldn't put in that much fish waste, because
room must be left for stirring and for adding
quite a ot of acid at the end. In fact, for eachton
of gurry, you should assume that about 500 lIbs
of chemicals will be added to make a 5:4:4
fertilizer. So, let us say that 3 tons of gurry are
put into a tank and that about 7,500 Ibs of
fertilizer are the end product. One tank could
hold finished fertilizer, while the other holds
digesting material, Let us also assume that di-
gestion without viscera at 10°C (50°F) is so stow
that it takes a month to compiete. Still, that
means that annual production is 7,500 1bs x 12,
or 90,000 1bs per year. If the product is sold in
cight-ounce bottles (the most popular super-
market size for potted plant use), that means
selling 180,000 bottles a year. Working up to
this figure would represent an impressive mar-
keting achievement. This kind of calculation is
useful in figuring out how large your tanks
ought to be.

We would suggest starting commercial
production with fairly small containers which
could hold about 1,500 Ibs, and using a thou-
sand pounds of gurry. And, before that, we
would suggest making some very small batches
(of perhaps 15 to 20 Ibs) in buckets, stirred a
couple of times each day by hand, 10 test the
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system. These small batches are important to
make sure that the grind is finc enough, that the
acid is strong enough, and so forth. The buckets
will show things such as how long it takes for
the bones to dissolve, if they do dissolve.
Consumers want a product of even, fine con-
sistency. The bucket experiments will show if
such a product is possible without viscera and
without screening, and how long it wili take to
achieve it. The one thing thatis difficulttodoin
a bucket is to test the effect of different tem-
peratures, although you could immerse the
bucket in a larger container of hot or cold water
and stir, oruse an aquarium heaterand thermostat
to keep the temperature stable in the large con-
tainer. Make sure that your small-scale batches
contain representative samples of waste, and
that the proportions of flesh, bone, viscera, etc.,
are realistic.

Don’torder any large-scale equipment until
you've made sure that everything works on a
bucket level. And, make sure that the buckets
are acid-resistant.

At the point when a decision is made to start
work on a fish-based fertilizer, it would make
sense to explore anumber of marketing options,
as well as 1o visit a number of possible outlets
and look at what they already offer. For those
discouraged by the difficulties of the process
and the initial purchases (neither of which are as
bad as they appear at first glance), the price tags
on fish fertilizers are a pleasant surprise. At the
time of this writing (1991), an eight-ounce
bottle in a local supermarket costs close to
$3.00. However, this material is condensed and
contains 2s much fish protein as a quan (ap-
proximatcly) of single-strength fertilizer such
as yours. Still, by the use of chemicals, you can
offer a comparable N:P:K.

Total costs will be difficult to work out uniil
you’ve had a chance to see what the prices of
equipment and chemicals are and how much
labor and laboratory services are involved. The
greatest expenses will be bottles and phospho-
ric acid. Labor can be high for hand bottling,
and attractive labels can also be expensive. The
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Wisconsin report gives an estimate of costs to
produce a thousand gallons of fentilizer 1o be
bottledin gallon containers. This is quite out of
date and omits professional consultations,
equipment, and labor. It also assumes that
processors will opt for cheap labels, However,
itis useful in showing the relative magnitude of
costs for the various inputs to the product.

There is one last point that is not covered in
the Wisconsin report. Since a high level of
phosphoric acid (and therefore a relatively high
level of P) is necessary to provide sufficient
acidification to preserve the digest, one might
wonder how a 5:1:1 or a 5:2:2 fish fertilizer is
possible. The answer is that such fertilizers are
acidified by other acids, such as hydrochloric or
sulfuric, and K (potassivm)is added in the form
of adifferent chemical, usually potash. The big
advantage of using these other acids is that they
are much cheaper than phosphoric. Also, since
they are much stronger than phosphoric, smaller
amounts of thern may be used to achicve the
same levels of acidity. We do not recommend
them. They have onc overwhelming disad-
vantage: because they are so much stronger,
they are much more dangerous to work with and
tokeeparound. Anaccident with these acids is
much more serious than an accident with
phosphoric acid. Additionally, strong acids
may liberate hydrogen fluoride, which is poi-
sonous, from the fish bones. For these two
reasons, we suggest that strong acids have no
place in most processing plants and should only
be used in automated facilities with specially
trained personnel.
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C. Composting

Compost is usually defined as a mixture of
decaying or decayed organic matter (plant ma-
terial, manure, etc.) used as a fertilizer or soil-
enhancer. More technically, composting can be
defined as the aerobic, thermophilic decom-
position of organic materials to a stable, humus-
like material. (Thermophilic means heat-lov-
ing, and refers to the class of microorganisms
that carry out the composting process.)

Anyone who has had a garden compost heap
knows that it utilizes a very simple technology.
If the gardener puts in organic garbage, grass
clippings, leaves, and so forth; if the heap is
small enough or tumned often enough for air to
get in; and if the proper microorganisms are
present, the population of microorganisms in
the decaying matter will increase, and microbial
activity will tumn all of the smelly, unpleasant
garbage into areasonably odorless, rich organic
mulch. In the course of this process, the activities
of the composting microorganisms will also
generate heat which will essentially sterilize the
composting mass, except for the desired
microorganisms, which are relatively heat-re-
sistant and will survive to about 65°-70°C.

Composting reduces the bulk of the com-
posted materials by 40% to 80%, reduces
moisture by 50% or more, and reduces oxygen
demand by 90% or more. If the appropriate
temperature is maintained for asufficientlength
of time, composting eliminates odor and destroys
weed seeds and disease pathogens.
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In composting, materials rich in nitrogen
are mixed with materialsrich in carbon. Animal
materials such as manure, fish, and crustacean
wastes tend to be rich in nitrogen, while plant
materials such as sawdust, peat, wood chips,
leaves, stalks, and bark tend to be rich in carbon.
In general, if the nitrogen-rich materials and the
carbon-rich materials were not mixed and aer-
ated in the presence of the proper composting
microorganisms, the former would putrefy and
the latter would just sit there. It is only in
combination and under the right set of condi-
tions that cOmposting OCCurs.

While backyard composting is very simple,
and mistakes are easy to deal with, large-scale
indusirial comnposting is more difficuit. Despite
this, however, composting is still the cheapest
and simplest of the waste-stabilizing technolo-
gies available to the processor. The questions
that the processor who decides to use com-
posting technology must answer have to do
with choosing carbon sources, deciding how to
combine the carbon and nitrogen sources, se-
lecting appropriate means of materials han-
dling, aerating the pile, and selling the finished
product. These issues are discussed on the
following pages.

BASIC PRINCIPLES

Carbon and Nitrogen. To start with the
most basic principle of composting, how much
carbon and how much nitrogen should be com-
bined in a compost pile? In theory, a carbon to
nitrogen ratio of 20:1 is reasonable for
composting. However, to avoid odors and
problems at the start, a number of cxperts sug-
gesta40:1 ratio of carbon 1o nitrogen. This does
not mean that compoasting requires forty times
as much sawdust or peat as it does fish; itmeans
that forty atoms of carbon are needed for every
atom of nitrogen. In practice, depending upon
the carbon source, this can mean anywhere
from three pounds of a carbon source to one
pound of fish (when sawdust or wood chips are
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used)to one pound of a carbon source to one and
a half or two pounds of fish {when peat is used).
Since the number of atoms in any material is not
obvious, you can have an analysis done by a
laboratory specializing in this kind of work, or
run small-scale trials for each new material or
combination of materials. In practice, most
people start out new maierials by using an
excessof the carbon-rich componentand slowly
adding more nitrogenous material.

In addition to the amount of carbon and
nitrogen present, you must consider how much
of each is on the surface and available for
reaction and how much is hidden. As an ilius-
tration, let us take equal weights of sawdust,
wood chips, and logs. The same amount of
carbon is present in each, but much more of it is
on the surface (and therefore available) in the
sawdust than in the wood chips, while the logs
would take years to break down. Most experts
suggest using more than one source of carbon to
overcome potential problems. For example,
leaves and sawdust have high surface areas, but
they may also pack down so tightly with the
gurry that air cannot circulate sufficiently.
Adding wood chips or bark to the pile can
prevent this problem. Again, small-scale trials
will pinpoint problems of this sort while they
are still solvable or, at least, disposable. Inter-
estingly, becausc fish decomposes so rapidly,
the question of surface area for the nitrogen
source is less important. Experiments in turned
compost piles, where gurry was ground before
being composted, showed no advantages over
trials where racks, heads, skins, eic., were left
whole. Indeed, in one experiment in the series
run by the MidCoast Maine Compost Project,
whole herring in actively composting turned
piles disappeared in three days. In static piles,
however, grinding or chipping the fish or
shellfish waste is helpful.

In choosing carbon sources, you must also
consider their cost, availability, and effect upon
the final product. For example, leaves are
inexpensive and abundant in many suburban
comumunities in the fall, but nonexistent the rest

Improving the Profitability of Finfish Processing Waste

of the year. Peat is expensive but may be pur-
chased all year long, and may produce a higher-
quality, more saleablc, and consistent end
product. For the processor who wishes to make
a significant marketing effort, and who is will-
ing to bag, label, and distribute compost toretail
outlets serving organically minded home gar-
deners, peat may more than repay its initial cost.
This may not be the case for the processor who
haslittle time orinterestin marketing a byproduct
and who prefers bulk sales at low prices to large
customers such as the local Highway Depart-
ment,

EVALUATING THE PRODUCTION
OF COMPOST

Perhaps the greatest advantage of composting is
that it can deal with any fish or crustacean
processing wastes. Several demonstrations in
Maine have shown that dogfish wastes, as well
as a variety of cooked and raw shellfish wastes,
may be composted without problems. In fact, a
large-scale commercial dogfish composting
operation is up and running in Maine. Thus,
even some of the most intransigent wastes,
which cannot be ground up and are unacceptable
either for rendering into fish meal or for hy-
drolysis, may be composted. (This includes
rotten material, smoked fish wastes, and so on.)

For those processors in densely populated
areas, it is important to note that composting,
properly camiedout, produces noleachate (liquid
runoff), no toxic gases, and few noxious odors.
There will be some fishy odors at the start,
which will subsequently be replaced by a
pleasant earthy odor. Nevertheless, such pro-
cessors should proceed with great care. A large
amount of noxious waste, incorporated into a
pile, may cause odor only for aday or two—but
if new piles are built each day, the neighbors®
perception will be that there is continuous odor.
Static piles have some advantages here, since
all of the gurry is buried in the pile, while in
turned piles some fish waste will always be at
the surface.
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Since composting is the simplest and most
benign of all the technologies we have looked at
fordisposing of fish waste, and since itis widely
practiced by numerous backyard gardeners, itis
sobering to have to report that composting op-
erations, with and without fish, have still raised
the suspicions of their neighbors and are subject
tothe scrutiny of regulatory agencies. In general,
the suspicions of neighbors have been rapidly
dispelled, and many doubters have tumed into
boosters, a claim that cannot be made for most
waste disposal methods. However, the presi-
dent of one commercial composting operation
in suburban New England has stated that a
significant fraction of his costs (of $35 to $40
perton) comes from the need for constant public
relations efforts and the satisfaction of regula-
tory requirements. Even more sobering, two
large and well managed composting operations
in the Northeast are under fire from their
neighbors.

How much space is required for compost-
ing? The answer o this question may depend
upon your neighbors. Joan L. Brooks of the
University of Maine at Orono calculated thata
processing plant producing 20 tons of gurry a
day, and operating five days a week for six
months of the year, could compost all of this
material on three and a half acres. William F.
Brinton, Jr., of the Woods End Research
Laboratory in Mt. Vemon, Maine, has stated
that it is physically possible to compost close 1o
7,500 tons of material (although not all of that
material is fish) on one acre, but suggests that it
would be unwise to startan operation of this size
on less than five acres because of the need for
access lanes, storage of incoming carbon sources
and outgoing compost, buffer zones, ctc.

In short, composting has strong advantages
for processors with space to spare. Unlike food
production, in which poor-quality raw material
is unacceptable, or hydrolysis and rendering, in
which the “garbage in, garbage out " rule applies,
composting can accept even decomposed ma-
terial and can handle shrimp, crab, and lobster
wastes as well as any species of fish. (Indeed,
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crustacean wastes have the advantage of higher
N values in the final product due to the nitrogen
in thechitin of the shells. However, clam, musscl,
and scallop shells will not disappear in the
composting process.) Capital costs are low,
although heavy equipment is needed for large
operations, unless labor is plentiful and cheap.
Regulatory requirements may be stiff, and they
should be explored ahead of time. Compost is
easy to store, requiring little more than a tar-
paulin, and its shelf life is unlimited. Marketing
is flexible and can be as elaborate or simple as
you wish. Composting remains the cheapest,
simplest waste-stabilizing technology available
to the processor. For some processors,
composting may be the only possibility. Others
will have to weigh the pros and cons of
composting against those of their other options.

FURTHER DETAILS FOR THE
PRODUCTION OF COMPOST

If there is a single rule of thumb about
composting, it is the following: composting is
a living process carried out by microorganisms
under highly variable conditions. Until you
have done it over and over again, and have a
“feel” for the process, experiment on a small
scale and talk to experts or consider hiring one
as a consultant. Experts can do several things
for you. They can give you advice on how to
build and handle your piles. They can analyze
your prospective carbon sources and help youto
put together a recipe or a series of recipes to
cover variation in sources. And, if something
gocs wrong with your pile, they can trou-
bleshoot—sometimes even over the welephone.
As with all technologies, there is both bad news
and good news about composting. The bad
newsis thatcompostpilescan uninto problems,
the soluticns to which are not obvious (o the
beginner. If these problems are not caught in
time, the pile could putrefy instcad of
composting, or could even burst into flames.
The good news is that composting goes slowly
and is rcasonably forgiving, so that you gen-
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crally have time to catch the problem. Most
“mistakes” can be added back into the pile to
undergoadditional composting. In the Appendix,
we have listed a few people who can provide
assistance. If yon are not in the Northeast, you’ll
probably want to find some experts closer to
home.
If some of the above sounds ominous, we
don’t mean it to. Composting is no more diffi-
cult than brewing beer or baking bread, two
processes that take advantage of a differentkind
of microorganism. You don’t have to be a
scientist to compost; anyone c¢an do it. How-
ever, as with brewing or baking, no one should
expect a perfect process or a saleable product
the first time around.

For the processor considering composting,
a series of questions must be answered. The
first and most obvious is whether composting 1s
indeed your optimal disposal option. For some
processors, who have no other means of disposal,
that question has only one answer. However,
composting takes space. We mentioned above
that several thousand tons of material (although
that material is not all fish) can be composted on
an acre of 1and, but that aminimum of five acres
has been recommended for storing carbon
sources and finished compost and creating ac-
cess lanes, buffer zones, etc. Since composting
provides a reduction in bulk of from 40% to
80%, storage of the finished material is not as
space-consuming as you might imagine, but
storage requirements for incoming carbon
sourcescan be immense. (The Japaneseconcept
of minimum stockpiling and just-in-time de-
livery is attractive in some industries but
frightening to the processor facing aging gurry
and nothing to mix it with. This problem is
particularly severe when the processor is using
avariety of free wastes, such as leaves, sawdust,
ctc., where scasonal availability varies, and
where there is no reliable commercial distribu-
tor.)

‘One possibility that we are currently cx-
ploring is that of indoor composting. The square
footage needed indoors may be less than that
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required for outdoor composting. The walls
will form a buffer zone and storage can be
placed elsewhere. However, indoor composting
presents other problems, which we will deal
with briefly on pages 34 to 35.

Another question which processors should
consider before making a decision on whether
or not to compost is how stringent local and
state regulatory requirements are, and how high
the costs of complying with them wili be. In
New York the appropriate agency to contact is
the New York State Department of Envi-
ronmental Conservation, and the pertinent
regulations (regarding solid waste management)
are 6 NYCRR Part 360.

There isan altenative possibility that should
be kept in mind, which is that another person or
company might be interested in composting
your processing wastes. Organic gardening
groups, farmers, vocational schools, companies
manufacturing soil amendments and fertilizers,
and others are all potential partners. Addition-
ally, whether or not anyone in your area wants
10 start an actual composting business, extension
workers, university researchers, environmental
groups, and others may be interested in doing
the research needed to help you and others in
your area get started. This can save you a
significant amount of time and money, and
answer many of your initial questions about
composting.

Assuming that you do decide to at least try
composting, the next question to consider is
what carbon source or sources you will use.

Choosing a Carbon Source. Peat, dry
leaves, sawdust, bark, wood chips, and shav-
ings arc some possible carbon sources.

As mentioned earlier, peat is probably the
most expensive carbon source, but it is avail-
able through commercial sources year-round,
and it produces a consistent and very high-
quality endproduct. If the product is eventually
10 be sold to a retail market of home gardeners,
peat has high recognition and perceived value.
A productconsisting of enriched peatand, most
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particularly, peat enriched with fish (which is
alsorecognized as having fertilizer value), could
command a high price. Additionally, if storage
space is a key issue, peat offers significant
advantages. First (as discussed below), the
same quantity of fish can be composted with
less peat than with any other carbon source.
Second, peat is highly compressible and can be
delivered and stored baled and compressed.
Finally, because peat is a commercial product,
it may be ordered on fairly short notice from a
variety of sources.

Peat and other carbon Sources.
While a fair amount of research on composting
fishand, particularly, composting fish with peat,
has been done in Canada, the most recent trials
on composting fish and shellfish with a variety
of carbon sources have been carried out in
Maine. Interest in commercializing the tech-
nologies developed has been high. A list of
persons able to give up-to-date information on
both research and commercial enterprises is
included in the Appendix.

Sukhdev P. Mathur (Senior Research Sci-
entist, Land Resources Research Institute, Ag-
riculiure Canada, Ottawa, Ontario K1A 0C6)
and his group initially showed that: (1) peat was
the ideal carbon source with which to compost
fish, and (2) it was possiblc to eliminate the
labor of turning and agitating compost piles by
designing a static pile in which aeration occurs
passively through pipes set into the pile at
intervals, Brooks repeated Mathur’s work on a
variety of wastes, including dogfish processing
wastes. No problems were encountered, and
essentially complete disappearance of all dog-
fish parts was seen, with no noxious odors or
Teachate (fluid runoff).

Peat is the partially carbonized bodics of a
variety of plants found in bogs. While peatoften
consists of mosses, it can be composed of a
sumber of species of plants and, for this reason,
is & variable material. In general, the blacker,
more humified peats are best for composting.
One rcason why peat is so effective for

27

composting is that much of the noncarbon part
of the plant has disappeared, so less weight of
peat will supply more atoms of carbon than will
other plantmaterials. There arc other reasons as
well why peatis soeffective in composting fish.
When air is present, as it is in a compost pile,
rotting fish generate ammonia. Peats contain-
ing sphagnum moss have the capacity to bind a
significant quantity of ammonia (.., tie itup 5o
it is not relcased as a gas into the air). Air-dned
pcalalsohasthcabilitytoabsorbimcnsc
quantities of water—up to 30 rmes its dry
weight—and this is a key point in preventing
leaching from the pile. Presumably for this
reason, some rescarchers have used peat as the
bottom layer of their piles, even when other
carbon sources were used for the bulk of the
piles.

Not only is peat the ideal carbon source, but
itisalso the only carbon source we know of that
can be used alone to compost fish or shelifish
wastes. All other carbon sources, which depart
in various ways from the ideal, must be mixed
in order to support the composting of fish.

In deciding whether to use peat alone or
whether to usc a mixture of carbon sources, the
major point 1o consider is economics. The use
of peat may be a strong selling point on your
label and, since peat is available year-round, it
enables you to offer customers & very consistent
product. If your customers are going to be
upscale gardeners and potted plant lovers, these
are imporiant points. However, if your only
customer is the local Department of Transpor-
tation, and they tell you that they do not care
how the compost looks or if it is consistent, but
they do care about getting the lowest possible
price, then you should move to carbon sources
other than peat.

Factors to consider. From the view-
point of composting, the major points to con-
sider in choosing carbon sources are: amount of
carbon, availability of carbon over time, and air
flow.

For example, both dry leaves and sawdust
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have good available carbon for starting com-
posting because they both have a great deal of
surface area compared to volume. On the other
hand, both dry leaves and sawdust tend to
compact, making it difficult for air to circulate
through the pile.

The addition of bark or wood chips to the
pile might solve the problem of compacting, but
might cause another problem. Fish composts
very rapidly (six to ten weeks in summer, as a
general rule), while wood chips and bark com-
post quite slowly. Uncomposted carbon sources
will not pose a problem for you, but will cause
difficulties for the gardener, as they may pull
nitrogen out of the soil while they go on slowly
composting in the garden. There are several
ways 10 solve this problem, One might be to
screen out large (uncomposted) particles. An-
other might be to add more fish and sawdust/
leaves and continuc the composting process
through several cycles. A third is simply to age
the compost for a sufficiently long time to break
down the wood chips or bark. (Turning the pile
occasionally will speed this process up.) Work
done at the University of Wisconsin, and pub-
lished recently, on composting fish wastes with
wood chips showed that there was significant
variation with the type of wood used and the
size of the chips, but that 18 to 24 months were
needed before the wood was completely broken
down and the compost could be used for horti-
cultural purposes as opposed to mulch.

From the viewpoint of processing, a major
point to consider is the availability of the carbon
source relative to your processing season. Dry
leaves are in great supply in late fall, but non-
existent at other seasons. Sawdust and wood
chips may be available all year long. Tomato or
grape pomaces (a pomace is the dry pulp left
after juices have been pressed out) tend to be
available only in late summer and early fall. On
the other hand, the development of controlled
atmosphere storage for apples has jed to year-
round availability of apple pomace from some
cider pressing operations,

If you are seriously considering composting
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with a variety of carbon sources, we suggest
doing a census of how much of what is available
when, what (if anything) it will cost, and what
the transportation and storage requirements will
be. You may need to get analyses done to
develop “recipes,” since the amount of carbon
and nitrogen in materials is notalways obvious.
Potato wastes, for example, might appear to be
ideal carbon sources but, in fact, have a sig-
nificant amount of nitrogen. If you live in a
dairy farming or horse raising area, you may be
competing with these farmers for sawdust or
shavings, which they use as bedding. On the
other hand, they need to get rid of the used
bedding material. Manure and urine are both
rich in nitrogen but, if the bedding has been
changed frequently enough, it may still be useful
to you.

Contamination, Iftherawmaterialsyou
use are potentially contaminated with pesticides,
heavy metals, or PCBs, you may need to have
other analyses carried out in addition to analyz-
ing carbon and nitrogen content. If fruit is
sprayed with pesticides, almost all of the resi-
dues will stay with the pomaces. However,
most of these chemicals will break down over
tirpe and with composting. Therefore, if you do
analyze for such compounds, do not do so until
composting is completed. Heavy metals will
not break down, however, and PCBs are un-
likely 1o break down. These are most likely tobe
in the fish wastes, particularly if your wastes are
derived from polluted fresh-water sources.
Predatory marine fish, rich in liver and body
oils, may be polluted as well. This docs not
mean that wastes high in toxic components,
such as heavy metals, cannot be composted, but
it does constrain the markets for that compost.
Organic farmers (or any other farmers, for that
matter) and home gardeners are not reasonable
markets for such material. A Department of
Transportation, however, which will use the
compost for highway plantings, is an excellent
market. Highway verges are never used to
produce feed or food, since automobile emis-
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sions pollute them with lead in any event. In-
edible decorative plants, turf, etc., could also be
grown using such composts. The level of
contaminant, as defined by analysis, will sug-
gest the usage. Most fish-based composts will
have very low levels of contaminants, and will
be suitable for growing food or feed.

Constructing and Aerating the Pile. In
addition to making decisions about the carbon
sources to be used in the pile, you will need to
make decisions about how to construct and
acrate the pile. The microorganisms that cause
composting (as opposed 10 rotting or putrefac-
tion) need oxygen. That oxygen can be supplied
by turning or agitating the pile at regular inter-
vals, or by building a static pile with pipes to let
air in. When you are composting large quanti-
ties of material, the design and construction of
static piles are more demanding and less forgiv-
ing than those of turned piles; it takes morc
thought and experience 10 get a static pile right.
In addition, the composting process usually
does not occur with absolute uniformity
throughout a static pile, no matter how well
constructed and aerated it is. The center of the
pile composts best and most rapidly (provided it
has adequate air flow), while the edges compost
slowly and incompletely. This is not the case in
turned piles because the material that is at the
edge today will be in the center tomormow, so
that composting will be complete and uniform.
If incompletely composted material is
packaged, it will either continue to compost or
it willtot, depending upon whether airis present
or absent inside the package. If it composts, it
will heat up inside the package, causing poten-
tial packaging problems at best, and fires at
worst. If the material rots, it will smell awful
when the package is opened. Thus, for reasons
having to do with both safety and quality, a
static pile, cven when well acrated, may have to
be remixed, reconstructed, and left to cure fora
short time before it can be sold and, most
importanty, before it can be bagged.
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Turned piles. Turned piles may be the
easiest to construct and manage. However, itis
important tokecp inmind thatin the carly stages
of composting, turning a pile will exposc some
fish (and thus some odor) to the air. In alarge
composting operation, the odor generated can
be very strong. As COmpOStng proceeds, the
picces of fish will disappear and so will the foul
odors. But, if fresh piles are being built cvery
day, odor will be ever-present. Turning alarge
pile every day or even every other day will take
either a great deal of labor or fairly cxpensive
heavy equipment. Commercial compost piles
areoften builtin windrows, 8 to 10feet wideand
100 or more feet long, with sufficient space
between them that a tractor can travel up and
down the aisles. A numbcr of commercial
turning devices are available, many of which
work off of a tractor’s power takeoff. This sort
of operation requires minimum labor for con-
struction and tumning of the piles. A good place
10 see advertisements for commercial com-
posting equipment is BioCycle magazine. (See
the references on page 36.)

Small piles can just be made in a heap and
mmed with a pitchfork. For processors with
very small quantities of waste, this can be an
inexpensive and simple disposal method. If you
make the pile with peat, turn it every day of 50
until composting is complete, screen it to re-
move sharp bone fragments, and bag it, you
should have a product that will be saleable to a
local garden store or supermarket. Keep in
mindtha:apilemaytakcamonthortwo(and
occasionally even longer) to compost, and will
need turning for all of that time. (There are
products available, aimed at enthusiastic gar-
deners, which consist of a perforated, rotating
drum with a handle. This equipment makes
turning easier, and the manufacturers claim it
speeds up composting significantly. However,
it can handle only a few hundred pounds of
compost per batch.) Since the compost pile
consists of significantly more weight than just
the fish, and new piles will be built (or new
material will be incorporated) for every pro-
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cessing day, one way 1o think about the labor
involved is to ask yourself whether you want to
turn 50 times the weight of one day’s processing
waste every day. However, since compost piles
shrink in weight as they compost, and since
composting times will vary with climate, size of
pile, etc., and since no large investment is re-
quired, try it on an ¢xperimental basis before
making a decision. This is also a good way to
disposc of relatively small quantities of waste in
an emergency, when the landfill closes or the
bait market dries up temporarily. You can even
do this in your backyard, in a pinch. Some
helpful hints are: keep the carbon to nitrogen
ratio high, use peat, and keep an ¢ye (or, even
better, a nose) on the pile so that you can add
more peat if it starts to smell unpleasant,

All compost piles need to be quite moist (the
pile should be 45% to 60% water), and air-dried
peat is far below this figure, so you wiil need to
add a fair bit of water to the peat. Ideally, you
would do this two or three days before building
the pile, so that the peat would have achance to
absorb the water; however, in an emergency,
just water the peat as you build the pile, and
make sure that the water is penetrating more
than the top inch of peat.

The organisms needed for composting are
found naturatly in many waste materials, but
they may not be found in fish, and they may not
be present in your carbon sources either. At
least initially, it is advisable to add the
composting microorganisms, just as bakers and
brewers usually add yeast to every batch. You
can buy these microbes by the can at garden
supply stores. Ask forcompost starterorbuilder.
If you are stocking up for a possible emergency,
a can of microbes should be part of your stock-
pile, along with peat and a pitchfork. Once you
are composting steadily, you will rarely neced to
add compost starter, but you should try to add
some of the old pile to the new one in order to
inoculate it.

Statie plles. There are two issues that
must be dealt with in statc piles that are taken
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care of automatically in tumed piles: air flow
and construction methods.

1. Air Flow. Air intake pipes must be built
into the pile at the proper intervals. The
most commonly used are 3" or 4" PVC
sewer and drainage pipes with holes; these
are easy to find and inexpensive. Itis also
helpful to build a static pile on a base of
gravel or wood chips, which will permit air
flow from the bottom. Often, passive air
flow through the pipes is insufficient, and
fans or blowers of various sorts must be
uscd at a level high enough to keep the pile
aerated, but not high enough to dry it out.

2. PileConstruction. Itisnecessary to make
certain that cach picce of fish is surrounded
by the carbon source, with no fish ator close
to the surface of the pile to cause odors or
attract animals.

The original static piles developed by Mathur
and coworkers at A griculture Canada, and used
by Brooks at the University of Maine at Orono,
employed distinct layers of peat and fish. The
air intake pipes were placed only on the bottom
layer of peat at two-foot intervals. Figure 4
shows a sketch of such a pile in cross section.

More recent research in Maine by Phil
Averill (Maine Department of Marine Re-
sources) and William F. Brinton, Jr. and co-
workers (Maine Time & Tide RC & D
Waldeboro Project) suggests several changes,
which permit carbon sources other than peatto
be used and, in fact, will benefit any static pile,
including those made with peat as the only
carbon source.

Farst, these resecarchers suggest that static
piles will benefit from a more intimate mixing
of carbon and nitrogen sources; thus the fish
should be mixed with the carbon source instead
of being placed in thick layers between it. (A
diagrammatic cross section of such a pile is
shown in Figure 5.)
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Second, they suggest that large frames,
heads, lobster shells, etc., will compost more
rapidly and completely in a static pile if broken
up beforchand. For this task, Averill has used a
smali wood chipper, which grinds to a good
size, a smaller grind would tend to compact in
the pile and impede air flow.

Third, Averill has added a long pipe on top
of the pile, and down its length, at right angles
to the air intake pipes below. (See Figure 6.)
This additional pipe, which is only lightly cov-
ered with peat, hay, or straw, pulls air from the
intake pipes up through the pile and then exhausts
it. This improves circulation in the pile, and is
particularly irnportant if the top surface of the
pile is covered by a tarpaulin, snow, or anything
else that would impede the flow of air from the
pile’s surface.

3"— 4" PVC SEWER
AND DRAINAGE PIPE
WITH HOLES DOWN

3"-4" PVC SEWER
AND DRAINAGE PIPES
WITH HOLES UP
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Finally, these Maine workers, as well as
others, have looked at using fans or blowers to
increase air movement through the bottom pipes
and, hence, through the pile. This increase in
oxygen availability leads to more rapid
composting but, if not monitored carefully, can
also lead to over-drying of the pile. Brinton has
suggested leaving fans on for fifteen minutes of
every hour for the first three weeks of composting
and then increasing the time to half of every
hour in order to dry the pile down to a 30% to
35% meisture content, at which level it will be
stable.

Others using aerated static piles with sew-
age sludge found that having the blowers oper-
ated by a temperature feedback system was
most effective. When the pile reached an upper
sct point temperature, the blowers turned on and

AR FLOWIN

Figure 6. A modified composting pile showing the additional top pipe.
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ran until a lower set point temperaturc was
reached. This is known as the Rutgers Strategy,
after the work of M. Finstein at Rutgers Univer-
sity.

It is clear that composting technology is
becoming more sophisticated very rapidly. If
you are going to make a small, turned pile, we
advise trial and error. But for large piles, while
we certainly advise experimentation and expe-
rience, we also advise using a consultant and
talking to experts.

The question of how much protection a
static pile needs from rain and wind is one on
which experts disagree. A static pile on a windy
site should probably be netted, simply to keep
the wind from cxposing any fish waste. A
tarpaulin roof, suspended over the pile, might
be heipful but will not be necessary in most
cases. (In fact, although you may think in terms
of protecting a pile from rain, you are more
likely to have to add water to it than to have to
keep wateraway. Unless the pileis so small that
a bucket can soak it, it should be built within
range of a hose.) Putting a tarpaulin directly
onto a pile, like a blanket, could hamper air
flow. 1f you do try this technique, which can be
useful in winter composting, make surc that
there is a top air outflow pipe and that its ends
are not covered.

Monitoring the Composting Pro-
cess. One advantage of a tumed pile is that
you can see and smell what is happening day by
day. The initial odors of fish or garbage turn
into carthy, loamy odors. The fish flesh and
most of the bones and shells disappear. The
color darkens and the pile becomes smaller and
more homogencous. However, with a static
pile, there are relatively few odors and nothing
is visible. Since you can’t see into the pile, how
do you know that composting is occurring and
how can you tell when composting is complete?
There are both low- and high-tech ways to do
this. The low-tech (actually, no-tech) way to
assure yourself that composting (as opposed to
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rotting) is occurring is by digging in and using
yomnosc;anyirﬁtialﬁshmgarbageodm
should disappear after a few days. If the pile
smells strongly of rot, there is a problem; if it
smells pieasantly earthy, things are probably
going well. Similady, youcan tell if composting
is complete simply by digging into the pilc and
secingwhcmcrthcﬁshwastahavcdisappcamd.
Even after composting is complete, there may
be some bone fragments, crab o lobster shell
pans.ctc.,butmcrcwillbcnomeatonthcm,
they will have no fishy odor, and they will
crumble easily.

The high-tech way to do the same thing is to
monitor the temperature of the pile. Com-
posting produces heat; the rise in temperature
tells you that composting is occurring. Most
piles will reach from 50°C to 60'C (122°F
140°F); however, significant variation is pos-
sible due to size, water content, air flow, etc. A
static pile may reach a higher temperature than
a turned one; a large pilc may get hotter than a
small one, and, like a furnace, a well-acrated
pile will generate more heat than one with a
sluggish air flow. Air flow is & double-edged
sword, however; up to a point, acration can be
used to remove heat and lower the pile tem-
perature. In addition, since the center of a pile
near the top is generally hotter than the sides or
bottom, the temperature you measure will also
depend on where you have inserted the mea-
suring device. Piles that go over 65°C {(149°F)
should be watched carefully; they may iall off
their composting microorganisms or even
combust, particularly if the pile is toodry. You
can cool a static pile down by placing caps over
the ends of the pipes. If that does not work, or
if the pile does nothave pipes, you can water it.
If you add too much water, though, you may
spoil the pile. As a last-ditch effort, you can
puil it apart.

As the composting process is completed,
the temperature will drop tobelow 50°C (122°F).
You may want to wait until it gets somewhat
lower; say, 40°C (104°F), before breaking the
pile open.
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There are several categories of equipment
suitable for monitoring temperature in a com-
post pile, at prices ranging from about forty to
several hundred dollars. The major require-
ments are that the instrument be unbreakable,
that the probe be at least three feetlong, and that
the temperature be read off the end of the
instrument (as opposed to a standard ther-
mometer, where the temperature is read off its
length—which, in a compost pile, would be
buried and invisible). The cheapest suitable
instrument is probably a metal dial therrnome-
ter. Thermocouple devices are more expensive
and more sophisticated tools that provide ad-
vantages in certain situations. First, they mea-
sure the temperature over a very tiny area at
their tip, while a thermometer may measure
temperature over several inches of its Iength.
For researchers looking at temperature gradi-
ents within a pile, and trying to measure tem-
perature at a precise distance from set points, a
thermocouple probe is the instrument of choice.
If you have a number of static piles, and want to
monitor tcmperature at a set point in each one by
implanting an instrument when you build the pile,
you will probably do best by purchasing a number
of wire-like thermocouples that can be buried in
the piles and plugged into a hand-held ther-
mometer when you want to read the tempera-
ture. {Information, as well as instuments of all
kinds, is available from Omega Engineering,
Inc., Stamford, CT, tel. 800—826-6342.) If you
are repeatedly sticking a long metal stem of a
thermometer or a thermocouple into a pile fora
series of measurements, you are unlikely to put
the tip in precisely the same place each time,
and the slightaveraging effect you get from the
thermometer may be all to the good.

INDOOR COMPOSTING

Although indoor composting has received very
littde aticntion, we belicve that it is worth look-
ing at for some urban and suburban processors.
Since our work in this area has just started, we
do not know all possible dangers. If you are
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interested in this option, you should proceed
with great caution. The following are potential
problems we can envision:

Fire. Although the combustion of a compost
pile thatoverheatsis very unlikely, itis possible
and is far more dangerous inside most buildings
than outside. The pile should be constructed on
a concrete slab floor, far from any flammable
building parts, and close to a working hose or
sprinkler system. You may need to check or
consider local fire codes.

Heat. The process of composting produces
heat. This might be welcome in winter but
could increase energy consumption in summer.

Moisture. During the composting process,
the pile loses a tremendous amount of water, all
of which has to go somewhere. Any building in
which composting is done should have excel-
lent air circulation. This is important for many
reasons; the possibility of condensation is just
one.

Contamination of Food Products. Cur-
rent Good Manufacturing Practice Regulations
say that food processing areas should not be
used to process inedible products unless there is
no reasonable possibility of the contamination
of human food. Indeed, there is very little
possibility of the contamination of human food
from an undisturbed, properly composting pile.
However, in order to follow the regulations in
good faith, and take no chances, we strongly
recommend that a partition be constructed be-
tween the part of the plant tobe used for nonfood
products and the food processing portion of the
plant. We also suggest that people working in
the nonfood section of the plant not be permit-
ted to enter the food processing sector without
washing their hands and changing their outer
aprons/coats and boots.

Most buildings are designed to limit air
circulation in order to achieve cost-effective
heating and cooling. Composting is dependent
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upon air circulation to carry off condensation
and minor odors and, in static piles, to enhance
air intake and outflow from the pipes. Theideal
building in which to compost would be a pole
shed. The next best would be a bam-type
structure with open roof vents. Old warchouse
buildings may also be appropriate. In more
enclosed buildings, fans will be needed to
push or pull air through the compost piles,
and dehumidifiers may be necessary. Good
exhaust systems arc also a necessity, par-
ticularly as pile size grows.

MARKETING THE COMPOST

Marketing compost calls for creativity. The
material produced by fish/peat composting is a
new entity, and is neither fish nor peat. Itisa
heavier product than peat, with a higher mois-
ture content. It also has a higher nitrogen
content. Peat is acidic; this material is closer to
neutrality. Because the product is unique and
has many attractive features, labeling could be
a veryimportant marketing tool. The label could
contain wording such as the following: “60%
(by volume) fish composted with 40% sphag-
num peat to form a highly enriched, neutral,
odorless, slow-release soil conditioner with
nutrients.”

The question of what price such a product
could be sold for is notsimple to answer. Mathur,
who originally developed the technique of
composting fish with peat, has estimated that
the cost of producing the compost to the proces-
sor is about $0.22/kg ($0.10/1b). This assumes
all manual labor, small-scale procurement of
the peat, etc. He calculated that the N:JP:K
(Nitrogen:Phosphorus:Potassium) equivalent
alone would retail for about $0.30/kg ($0.13/1b)
and he suggests that a completely equivalent
material might retail at $0.90/kg ($0.40/1b). All
of these calculations are on a dry weight basis,
thus, if the moisture content of the finished
product were 50%, Mathur's calculated retail
value would actually be about $0.45/kg ($0.20/
Ib) on an as-is basis, However, these figures are
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only 1o be regardedas the loosestof guides since
there is no precise equivalent for such a product
and these figures arc several ycars old. In
addition, Mathur’s costs scem rather low o us.
We believe that peat will cost more in most parts
of the U.S. than it does on the Canadian coast,
and labor costs may also be higher.

Ifﬂacpux!uctwmwbctargctedathmﬁ-
cultural markets such as greenhouse Owners
and farmers, a precise value for N:P:K, organic
material, etc., would have to be worked out, and
tests would need to be run, since this market is
extremely cost-conscious and performance is
very important. However, we suggest targeting
this product to the apartment and home gar-
dener, whomay buy only afew pounds per year
of such material and is less concemed with
price than with perceived value, uniqueness,
and “organic” status.

If the home garden products we recommend
(i.c., liquid fertilizer from acid hydrolysis, and
compost) are produced, the same basic label
design could, and probably should, be used for
both. In fact, we would suggest having acom-
mon brand name, and a common label design
and distribution network, so that a small “line”
of garden products will be created. The exist-
ence of two or more package sizes for each
product will further the impression of a line of
products. To avoid confusion with the food part
of the business, these have 10 be handled and
distributed separately from a company’s food-
grade fish products. Additionally, marketing
experts might suggest thar a somewhat differ-
ent name be used for the nonfood business.

We would suggest that any processor con-
sider the following route: As soon as thedecision
is made to attempt fish/peat composting and 10
build an initial pile, contact horticultural ex-
perts at nearby universities who might be will-
ing to test the product. ({If you are unable to
obtain help at your state university, there are
commercial laboratories that will do this testing
ona feebasis.) The first pile should be dedicated
to research and no attempt should be made to
sell it. In fact, no investment in label design,
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printing, bagging, etc., should be made unti!
after the first pile has been successfully pro-
duced and the product has undergone at least
some testing.

After constructing the first pile, you will
have an idea of some of the costs of production.
At this point, you could start looking at peat and
related product prices in supermarkets, garden
supply stores, etc. When the first pile is com-
pletely composted, samples will be available.
This will be a good time to think about distribu-
tion and sales and to talk to people in potential
outlets or distributorships about the product,
whether they would carry it, what their markup
would be, what sort of sales volume they would
envision, and what package sizes they would
recommend.

Ultimately, decisions will have to be made
on package size, bagging material, labels, prices,
amount of initial production, and where and
how to sell the product. We would assume that
sales would start small but might grow steadily,
through increased consumer recognition and
wider distribution,

References

Relatively little has been written on the com-
posting of fish wastes, although a great deal has
been written on general composting. To geta
sense of the latter, you might want to read a few
copics of BioCycle, which may be available in
a local library. Subscriptions (about $55 per
year) are available from JG Press, Box 351,
Emmaus, PA 18049. This magazine’s adver-
tisements will also fill you in on commercial
composting equipment,

Copies of the unpublished report, Com-
Posting Fishand Shellfish Scrap with Pea, may
be requested frormn the author, Joan L. Brooks,
Department of Civil Engineering, University of
Maine, Orono, ME 04469,

Phil Averill of the Maine Department of
Marine Resources (State House, Augusta, ME
04333) has written a pamphlet entitled Com-
bosting Seafood Byproducts. He is also avail-
able for questions at 207-529-5349.
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The Compost Solution to Daockside Fish
Wastes, by L. Frederick et al., has recently been
published by the University of Wisconsin Sea
Grant Institute (WIS-SG-89-434). Request a
free copy from them at 1800 University Ave,
Madison, WI 53705.

D. Anaerobic Digestion

Anaerobic digestion is somewhat like compost-
ing in that itinvolves putting together a number
of organic materials that will foster the growth
of certain microorganisms, and then letting the
microorganisms work. One obvious difference
between the two is that composting is aerobic,
which means that it needs air to work properly,
while anaerobic digestion only occurs in the
absence of air. The medium for anaerobic
digestion is usually aliquid, and this has become
a common way of dealing with certain high-
bulk, high-water, low-protein wastes, such as
manure. The process can be used to generate
methane, which has some value as a fuel.
Anacrobic digestion is very rarely used with
high-protein wastes such as fish. Although
there are a few anaerobic digestions that are
relatively simple, such as that for manure, the
anacrobic treatment of a high-protein material
such as fish is not simple at all,

Our recommendation would be for proces-
Sots to stay away from this technology. The
capital costs can be considerable, and the po-
tential dangers are very great. Explosive and/or
toxic gases may be generated, and toxic prod-
ucts may be formed in the body of the material
as well. The combination of no oxygen and fish
is a perfect growth medium for organisms like
Clostridium botulinum. The end products of
such a processare of uncertain utility and safety.
Additionally, all anaerobic microbial processes
are difficult in that you can lose the desired
strain of microorganisms and end up with dan-
gerous or simply unpleasant ones. Having to
get rid of thousands of gallons of toxic fish
waste is 2 nightmare, and having to sterilize the
facility is difficult and costly,
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3. MINOR PRODUCTS

New products that may be manufactured from
specific waste fractions include gelatin and
leathers from skins, and concentrated soup stocks
from heads and frames. In addition, it may be
possible to find uses for scales in the treatment
of food processing plant waste water. Develop-
ing markets for these items may help increase
profitability, despite the fact that they involve
relatively small amounts of waste.

Processors can also take a look at the pos-
sibility of selling waste on an as-is basis to
altcrnative feed markets in their area (e.g., mink
farms, pet food manufacturers, and other ani-
ma! ruising facilities). This option is particu-
larly worth exploring before any complex or
capital-intensive technologies are undertaken,
not only because it will take the processor some
time to develop such technologies to the point
where they can absorb all or most of the fish
processing plant’s waste, but also because as-is
markets are simple and can sometimes be sur-

prisingly profitable.
A. Skins

Cod skins have been used for two different
kinds of products: gelatin and leather. Norland
Products, Inc. (695 Joyce Kilmer Ave., New
Brunswick, NJ 08902, tel. 201-545-7828) has
a factory in Nova Scotia which handles 16,000
1bs/day of cod skins 1o produce a fish gelatin.
This product is manufactured to very tight
specifications for industrial uses, largely water-
soluble photoresists. Fish gelatin has not been
used for food purposes because it has a lower
melting point than gelatin made from beef or
pork skins, and is liquid at room temperature.
Nevertheless, Regenstein feels that fish-based
gelatin could be used as a glaze for frozen fish
and as a viscosity builder in refrigerated and
frozen products such as ice cream and yogurt.
Such a product would have the advantage of
being kosher. (A kosher gelatin would have to
be made solely of the skins of fish with fins and
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scales and these skins would have socome off of
a processing line where only fish with fins and
scales were handled.)

When tanned, cod and many other fish slans
make surprisingly attractive leathers, similar in
appearance to snakeskin. Fish skins have been
tanned and made into a variety of products by
Alaskins Leather Company, Juncau, AK. Shark
skins (from the larger specics only) have had
value for some time as a particularly tough
leather, and eel skins have recently become
popular for wallets, purses, and other small
accessories. Recently, manufacturers of a
number of leather items have started to show
interest in fish leather, and we hope to see this
product move from novelty to commodity.

The Alaska Fisheries Development Foun-
dation recently looked into fish skin tanning,
adi interested processors may wish to contact
the foundation at 508 W. 2nd St., Suite 212,
Anchorage, AK 99501, tel. 907-276-73135, fax
907-271-3450.

B. Heads and Frames

The heads and frames of any white fish, if kept
in perfectly fresh condition and handled and
stored under conditions suitable for hurnan food
manufacture, can be cooked in water to form a
fish stock or a concentrated fish base. Either of
these can be used by chefs or food processors io
form the base for a variety of fish soups and
stews or 1o add flavors to processed foods. An
excellent example of such a concentrated fish
base is made by the L. J. Minor Corp. (30003
Bainbridge Road, Solon, OH 44139); one pound
of their concentrated base is mixed with boiling
water to make four gallons of fish stock.

The production of extremely concentrated
bases of this sort, while well suited to extended
storage and transportover long distances, would
require processors to invest in a costly drying
apparatus (probably a vacuum dryer or falling
film evaporaior) which would not be justified
without a very large output and a suitable mar-
keting network. However, if arrangements with
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local restaurants and caterers could be made,
smaller scale production of an unconcentrated
fish stock might be justified. Additionally, some
chefs might wish to purchase fresh, high-quality
heads and frames for their own use, were they
made aware that such aresource existed nearby.
(This would be especially true in regions away
from the coast where chefs are just discovering
fish and all that they can do with it.) Once the
stock was being made, some processors might
consider going one step further and producing a
finished soup or chowder (trim waste might be
usable in such a product if it was white, while
darker wastes might be acceptable in tomato-
based products). These soups and chowders
could be marketed through a number of differ-
ent channels, including local institutions, and
restaurant and supermarket “Soup and Salad
Bars.” They might be frozen in retail- or insti-
tutional-size comainers, or even canned or
bottled as more widely distributed products. Tt
should be noted that producing a stock, like
producing mince, will notreduce the quantity of
waste generated by very much, but will increase
profit.

C. Scales

Although scales seem like a very minor compo-
nent of processing wastes, they have no value at
all {or even negative value) in enzyme hydroly-
sates, food products, feeds or bait usage, etc.,
and they cause clogging and B.O.D. (biological
oxygen demand) problems when disposed of
into sewage lines or bodies of water. They are
also not quite so minor as they seem. In the
authors' expericnce, scales may represent almost
2% of the weightof a processor’s incoming fish.
If 100,000 Ibs of fish are being processed daily,
the disposal of almost a ton of scales each day is
not trivial.

If scales are mixed in with other wastes,
they will compost, although scales added as a
separate layer to a compost heap slow down the
process by blocking air flow. Scales may also
be added to an acid hydrolysate. If scales can

Improving the Profitability of Finfish Processing Wasle

easily be kept separate from the other categories
of waste, special opportunities for their use
exist.

Commercially, scales are a source of pearl
essence (guanine) which is used to make arti-
ficial pearls and pearlized lacquers for decorat-
ing a number of items and for making nail
polish. The production of pearl essence re-
quires either specialized and reasonably costly
equipment, or chemical treatments, involving
organic solvents such as gasoline, benzol, or
ether to exiract the essence from the scales.
(Some processes will produce afish gelatinasa
byproduct) The small production of the av-
crage processing plant would not justify the use
of any of these methods. There is at least one
company specializing in guanine extraction in
the Northeast {The Merle Corparation, Estes
Point, Eastport, ME (4631).

Alternatively, the scales of some species of
finfish have been found to be useful in food
processing plant waste water purification. Work
by Robert Zall and his graduate student Frank
Welsh at Cornell (Department of Food Science,
Cornell University, Ithaca, NY 14853, tel. 607-
255-3112) has shown that scales may be used
with only minimal processing (washing, dry-
ing, and grinding) to precipitate protein out of
waste water. The processing input needed to get
tothisstageis actually muchlessthan that being
proposed for the treatment of shrimp or crab
processing wastes for the production of chitin
and chitosan (chitosan is a feed-grade coagulant
which could be used for processing plant waste
water treatment, and which is also claimed to be
cost-cffective for food waste). Of panticular
interest would be the use of ground scales to
precipitate animal feed quality waste from food
processing plant effluent. This would combine
two wastes to give one potentially useful prod-
uct. (Whether or not the final precipitate of
scales plus wastes would have a value as a
livestock feed could be determined only by
actual testing.)

A processor could try 1o locate one or more
local food processing plants with serious waste
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water problems, and either sell them the scales
or suggest some sort of venture whereby scales
would be used to precipitate particulates (sus-
pended solids), and replace alum and ferric
sulfate for this purpose. (The fish processing
plant producing the scales may itself have such
a waste water problem.) Note that the advantage
of using scales to precipitate or flocculate wastes
licsin the fact that the precipitated material may
be used as a livestock feed, whereas material
precipitated with alum or ferric sulfate cannot.
However, since notall scales have worked well,
tests should be run before processors embark on
a major sales campaign.

D. “As-Is”

Despite the allure of new technologies which
promise high-ticket products at the end of the
line, the most profitable disposal method for
many processors will be to spend some time and
effort in searching for a good low-value market
that will purchase waste as is. For processors
with herring, flatfish, or redfish frames to dis-
pose of, the bait market appears to be the sim-
plest and the most profitable without major
capital investment. It is, however, & seasonal
market, and only works for processors near
appropriate fisheries. Other markets, which
accept gurTy on an as-is basis, operate all year
round. Such markets include pet food manu-
facturers and a variety of animal raising facili-
ties. At this time in the Northeast, a great deal
of frozen fish waste is sold (or at any rate
disposed of) to mink farms. At best, this ap-
pears 10 be a break-even proposition for the
processor. Prices received are about $0.04 to
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$0.06/1b ground and frozen. The advantages of
this market are that it absorbs a large quantity
of gurry and that the marketing effort required
of the individual producer is small—i.c., feed
for the mink industry has become a commod-
ity, and sales into commeadity markets tend to
be simple, although often unprofitabic.

Before going into a capital-intensive or
complex area like fish meal or hydrolysates, it
would be worthwhile to look into alternative
feed markets in the area, which would take
wastes as-is and pay for them. Pet food com-
panies, companics raising animals for research
purposes, aquariums, and Zoos are among such
poteatial markets for fish byproducts. In addi-
tion, they might require less transport and pay
more for the gurry than the mink farms. All of
these operate on a year-round basis (which
actually makes them better markets than the
mink farms, which do have a seasonal dip in the
winter). Such markets may be relatively small
and selective. They may require that only
certain categories of offal be delivered. If they
are sufficiently close, they might not require
that the gurry be frozen. If you can get $0.03 to
$0.04/1b for fresh offal, it may be worthwhile to
serve this market.

As-is markets require essentially no capital
investment, no major changes in operation, no
extra employees, and no complex marketing.
All that they require is a few days of investiga-
tion of what exists within a reasonable trucking
radius of the processing plant, a couple of labo-
ratory analyses of the product, and a large
number of telephone calls. Ifthe processor does
not have the time, this may justify hiring a
consultant for a week's worth of work.

SUMMARY OF MAJOR RECOMMENDATIONS
AND CLOSING COMMENTS

‘The most important disadvantage of many forms
of current waste disposal, such as fish meal or
tandfill, seems to be the fact that the future of

such disposal is uncertain. ldeally, new dis-

posal methods should be clean and reasonably

simple, have relanvely low capital costs, and
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resultin saleable products that will atleast break
even, and, preferably, provide a profit. We
belicve that at least three methods discussed in
this report meet these requirements. These are:

1. The utilization of mince, probably in one or
more processed food products.

2. The hydrolysis of fish wastes to produce a
liquid fertilizer,
3. The composting of fish wastes with peat.

Based on capital, volume, and other re-
sources, a processor might well make the de-
cision to carry out one of these recommenda-
tions or all three. (If the decision is made 1o
carry out all three, we suggest that they be
initiated one at a time, in the order given; not all
at once.) There are good reasons to at least
consider all three processes. If your operation
generates sufficient high-quality rim waste to
justify new product development and market-
ing, a human food product will bring in the
highest price per pound. However, trim con-
stitutes only about 10% of most plants’ total
wastc, Even if all of it were in excellent condi-
tion, and could be used for human food, and
even if some frame waste could be utilized, the
impact of this on the quantity of wastc generated
would be minimal,

Thus, it makes sense to look at other tech-
nolagies as well—ones capable of using alarger
proportion of a plant’s waste. Hydrolysis and
composting are such technologies. Composting,
in particular, is very simple and can utilize a
wide variety of materials, including all species
of fish. It can utilize rottcn material and is the
only method that can do so. Both composting
and hydrolysis are clean technologies, which
can be carried out with very little orno pollution
of air or water. While hydrolysisisnot as simple
as composting, or as forgiving, its financial
rewards are greater. Among the advantages
offered by production of both liquid fertilizer
and compost are the following:
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First, the methods for producing both com-
post and liquid fertilizer from fish wastes have
been developed and made public by university
workers who have published instructions and
who may be written to or telephoned if ques-
tions arise. (Their names, addresses, and tele-
phone numbers are in the Appendix.)

Second, these products both go 10 home
gardeners. Products aimed at professional mar-
kets, whether these are composed of farmers,
horticulturists, or feed companies, must meet
extremely rigorous standards of field tests,
chemical composition, and economic competi-
tiveness. Products aimed at the home gardener,
who may purchase only small quantities per
year, have far more leeway in all of these areas.
A product could be brought out on the market
with minimal field testing and at a far higher
price than would be justified by the amounts of
nitrogen, phosphorus, and potassium that it
contains. It would sell because it was “organic,”
because it was easy 10 use, because it would not
bum plants, because it could be labeled as “slow
release,” because of the associations of fish
with the fertilizer recommended to the Pilgrims
by the Indians, because of an appealing label
design and name, and because of the generally
good reputation of the fish-based fertilizers
which have preceded it.

Finally, if the decision is made to produce
both the compaost and the liquid fertilizer, they
could form a “line” of home garden products.
Although the compost is bagged and the fertil-
izer bottled, the same design and brand name
could be used for both. Most importantly, both
could be sold through the same outlets, thus
reducing the marketing cffort significantly. One
choice would be to go 0 a supermarket chain,
cither providing a processor label or offering to
use the supermarket’s private label.

While we do not believe that the compost
and fertilizer markets can absorb all of most
processors’ waste in the first year or two, these
are both technologies where itis possible to start
small and build up. We recommend starting on
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a small scale. If the markets can be enlarged,
then eventually all waste can go to these prod-
ucts. If the markets cannot be enlarged, the
initial investment will have been minimal and
the existing arrangements for waste disposal
will not have been disrupted.

Since we would guess that all three of these
recommended technologies will not use all of a
plant’s wastes for several years to come (but
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will use increasing amounts cach ycar as mar-
kets arc increased), it would be worthwhile for
all processots to try to develop alternative mar-
kets for their “as-is™ waste right away.

In closing, we would like to emphasize that
these recommendations are aimed at the owners
and operators of small- 0 medium-sized single
plants. For the very large processor or for groups
of processors, additional options are available.
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APPENDIX: Human Resources

Experts on the technologies discussed in this report who have indicated a willin gness

to be called are listed below,
Mincing:

Joe M. Regenstein

Department of Poultry and Avian Sciences
112 Rice Hall

Comeli University

Ithaca, NY 148535601

607-255-2109

Composting:

Phil Averill

Maine Department of Marine Resources
State House

Augusta, ME 04333

207-529-5349

William F, Brinton, Jr.

Woods End Research Laboratory
R.D. 2, Box 1850

Old Rome Road

Mt. Vemon, ME (4352
207-293-2457

Analyses and compost recipes:

Joe M. Regenstein

Department of Poultry and Avian Sciences
112 Rice Hall

Comell University

Ithaca, NY 14853-5601

607-255-2109

Analyses and compost recipes (continued):

Tom Richard

Agricultural and Biological Engineering
Riley-Robb Hall

Comnell University

Ithaca, NY 14853

607-255-2488

Fertilizer (Hydrolysis):

Robert A. Curren

Robert A. Curren Company
71 W, Main Street
Yarmouth, ME 04096
2078461554

Susan H. Goldhor

Center for Applied Regional Studies
45 B Muscum Street

Cambridge, MA 02138-1921
617-876-7252

David Stuiber

Department of Food Science
University of Wisconsin
Madison, W1 53706
608-263-2087



