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ABSTRACT 

Ward, W.J., Parrott, G.A., and D.G. Iredale. 19B5. Fish waste as silage for 
use as an animal feed supplement. Can. Ind. Rep. Fish. Aquat. Sci. 15B: 
iv + 10 p. 

A system to utilize discarded processing plant fish wastes by converting 
to silage for use as an animal feed supplement was established at Lac La Biche, 
Alberta as a development project under the Department of Fisheries and Oceans 
Fisheries Development Program. Processing of the wastes, the equipment used, 
problems encountered, costs of producing the silage and end product use as an 
animal feed ingredient are presented. 

Key words: fish silage, liquid fish, fish hydrolysate, fish waste. 

RESUME 

Ward, W.J., Parrott, G.A., and D.G. Iredale. 
use as an animal feed supplement. Can. 
iv + 10 p. 

1985. Fish waste as silage for 
Ind. Rep. Fish. Aquat. Sci. 158: 

Un procede permettant l'utilisation des dechets des usines de preparation 
de poisson convertis en fourrage de supplement nutritif pour les animaux a ete 
mis au point a Lac-la-Biche (Alberta), dans le cadre d'un projet de mise en 
valeur realise en vertu du programme de developpement des peches du ministere 
des Peches et Oceans. Le rapport fait etat de la transformation des dechets, 
de l'equipement utilise, des problemes rencontres, des couts de production de 
ce fourrage et de l' util isation finale du produit conroe ingredient de la l1our
ri ture animal e. 

Mots-cles: fourrage de poisson; hydrolysat de poisson; dechets de poisson. 



I NTROOUCTI ON 

Part of the Oepartlilent of Fisheries and 
Oceans. Fi sheri es "eve1opment Program prav; des 
for the conduct of projects with a product 
development focus and projects to improve the 
handling and processing of fishery products, 
both having the objective of enhancing industry 
compet it 1veness and improv; n9 econolOi c returns 
to the primary producer. This report describes 
a development thrust with these project areas 
where; n a process was i dent i fi ed and the tech
nology transferred and established to utilize 
proceSSing plant fish wastes. The project con
sisted of using normally discarded fish wastes 
from a processing plant in Canada1s western 
inland fishery to produce a silage as a liquid 
feed supplement for hog diets. 

Although the collective amounts of waste, 
i.e. Vlscera, skeletal frames, heads, etc., 
generated in the inland fishing industry is con
siderable, the scattered nature of production 
sources and proceSSing facil ities where wastes 
a re generated, as we 11 as 1 rregu 1 ar land; ngs of 
fish result in relatively small volumes of 
wast~ being accumulated at any single location. 
Because of this, and since the viahility of fish 
meal manufacture is largely dependent on large 
and continuous volumes of waste, the option of 
fish waste liquifaction was selected. Other 
factors supporting the choice of this process 
included its relative Simplicity, minimum capi
tal equipment requirements and low energy cost. 

The choice of Alberta for the project was 
in di rect response to the regul atory needs of 
that province which requires that all fish be 
eviscerated and dressed w1thin the confines of a 
processing plant, in turn resulting in the need 
for the further disposition of the waste. 

The location of Lac La 8iche in Alberta 
for the project was selected partly because of 
continuing problems with disposing of fish plant 
waste at the local sanitary landfill site. 
Apart from the production of odors of decomposi
tion. the wastes attracted animals and were 
therefore being considered for exclusion from 
the landfill. Further, the local fishermen's 
Cooperative expressed interest in the project. 
The volume of fish handled and the wastes gene
rated were considered appropriate to support 
small pilot plant production of fish silage, and 
the proximity of the Cooperative in relation to 
a user market for the end product was considered 
suitable relative to minimizing transportation 
costs. 

Methods of s 11 age product 1 on, ei ther by 
acid preservation or fermentation, have b~en 
known since the 1920 1s. The acid preservatlon 
method of producing silage has been in use com
mercially in Denmark for approximately 30 years 
and in Norway for some considerable time. In 
these countries the silage has been used as an 
ani rna 1 feed i ngredi ent. In other instances the 
material has been used as a plant fertilizer. 
Regardl ess of the intended use of silage, the 
liquefaction process involved is similar. The 
fish waste is comminuted and the pH reduced 
through the addition of acid to enhance the 
activity of the naturally present enzymes in the 

waste material to accelerate di.gestion and con
sequent liquefaction. The lowered pH also 
inhibits bacterial degradation, controlling 
putrefaction and the associated odors of decom
position. 

SYSTEM OEVElOPMENT 

A trial system, because of space limita
t ions in the Lac La Si che Fi shennen 1 s Coopera
tive plant as well as the regulatory requirement 
to separate such a process from fish intended 
for human consumption, was initially located 
remote from the plant. For this, a small 3.05 m 
x 4.57 m (10'x1S') frame building (Fig. 1) hav
ing an existing well water supply, was leased on 
private farm property and an electrical service 
connected. Because of the lack of refrigeration 
to control bacterial putrefaction and its atten
dant malodors, the intent was to size a system 
capab 1 e of hydro ly zi ng the accumulated ground 
and acidified waste offal from the fish plant on 
a daily baSiS, i.e. within 24 hours. As indica
ted by Tatterson (1976) a temperature of at 
least 20 0 e 1s desirable or liquefaction occurs 
rather slowly and although the enzymes respon
sible for liquefaction can become inactivated as 
temperatures rise, silage heated to 40 0e has 
still been found to liquefy rapidly. Therefore, 
by elevating the hydrolyzation temperature it 
was antiCipated that a batch process could be 
accomplished in a 24 hour period. Further, 
harder bone particles that might remain follow
ing the batch process, would be further reduced 
following a subsequent and relatively short per
iod of storage in barrels used for distribution, 
yielding a material suitable for animal feeding. 

The choice of a combination of formic and 
propionic acids was based on the work of Gild
berg and Raa (1976) who, rec09nizing that formic 
acid-preserved silages resist microbial dete
rioration, liquefy rapidly and do not require 
neut ra 1 i zat i on before feedi n9 to anima 1 s, found 
that a mixture of formic and propioniC acids to 
produce a silage from cod visc~ra was even mo~e 
resistant to microbial deterloration even 1n 
moist mixtures with straw meal. Since the fish 
plant wastes that wou 1 d be used in th is present 
instance would consist primarily of viscera and 
would in all likelihood be combined with a con
ventional hog cereal diet, a silage preserved 
with these two combined acids was considered 
appropriate. Added to this, the cost of propio
nic acid was lower than formic acid and less of 
the combi ned acids were requi red to achieve the 
necessary pH of 4.5 than if formic acid alone 
(the acid generally recommended to preserve 
silage) was used. 

The ensiling procedure required particle 
size reduction of the fish waste by grinding and 
further combining the ground waste with 85t for
mic acid and 99% propionic acid in the propor
tions of 7.5 kg (7.8 l) formic acid, 7.5 kg 
(7.43 l) propionic acid and 1 000 kg of ground 
waste to achieve a pH of 4.5 in the ground fish 
waste/acid mixture. The ensiling vessel ~as 
required to be of a material with non-corrOSlve 
contact surfaces and fitted with preferably. a 
motor driven agitating paddle to ensure thorough 



mixing and homogeneity of the acidified fish 
waste which would also be used for continuous 
stirring of the mixture during the digestion 
process. Finally, bearing in mind the 24 hour 
batch process intent, there should be a means of 
heating the mixture to accelerate hydrolysis 
using an indirect heating method. 

In practice (Fig. 2) grinding of the fish 
waste was accomplished with a heavy duty grinder 
having a 3 hp electric motor and 12 IITI1 diam. 
grinding plate perforations that had been used 
for grinding whole raw fish for animal feed in a 
local fur farming operation. 

The digestion tank, previously a bulk milk 
cooler, had interior dimensions of approximately 
1.5 m x 1.8 m x 0.6 m deep (5' x 6' x 2') and a 
capacity of 1 320 L (290 gal) (a preferred tank 
would have been cylindrical to facilitate mixing 
uniformity). It was of stainless steel and had 
a water jacket with a recirculation pump that 
could be fitted with electric heating elements, 
to heat and maintain temperature uniformity of 
the ground fish waste/acid mixture during hydro
lysi s. 

Because the digestion tank was not ini
tially fitted with a motor driven stirring pad
dle (although one was added at a later date), a 
used ri bbon blender was included as an i nter
mediate mixer for the initial blending of the 
ground fish waste with the acids. Following 
this, the mixture was transferred to the diges
t i on tank and st i rred as requ ired du ri ng the 
hydrolyzing process. 

The acids, the formic supplied in 25 kg 
(55 lb) plastic containers and the propionic in 
198 kg (436 1b) plastic lined steel drums, were 
measured volumetrically using a graduated cylin
der with the amounts added based on the calcula
ted weight of the ground fish wastes. 

The ground, acidified fish waste, once 
hydrolyzed, was transferred, using a standard 
1/3 hp sump pump, from the digestion tank to 
plastic lined 205 L (45 gal) steel drums for 
temporary storage and eventual distribution. 

Subsequent to the estab1 ishment of this 
pilot operation, construction was started on a 
12.2 m x 6.4 m (40' x 21') extension to the Lac 
La Biche Fisherman's Co-operative plant that 
included a 6.4 m x 3 m (21'x10') room to house 
the silage processing equipment as well as some 
1 imited storage space for the finished silage. 
This consisted ,of a separated room accessed from 
the exteri or of the pl ant, to safeguard agai nst 
any potential threat of contamination of fish 
used for human consumption, a concrete floor 
sloped to a centrally located drain and an 
extractive ventilation system to remove odors. 

With the completion of this addition, the 
silage processing operation was moved from the 
original location and installed in the upgraded 
facility (Fig. 3 and 4). Also, at this time, 
some modifications were made to better accommo
date i ncons i stenc i es that had been experi enced 
in the plant supply of fish wastes as well as to 
improve efficiency (Fig. 5). This included 
replacing the original digesting tank with a 
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larger but similar unit having interior dimen
sions of 2.3 m x 1.02 m x 0.91 m deep (84" x 40" 
x 36") and a capacity of 2 000 L (440 gal). 
This larger tank would handle the fish wastes 
generated during the plant's peak production 
periods. Ouring lower production periods the 
fi sh wastes, once ground and combi ned with the 
acids, could accumulate in the tank while slowly 
hydrolyzing over several days until the tank 
reached capacity. At this time the tank heating 
system would be started, to accelerate and com
plete the hydrolysis, following which the silage 
would be pumped to the storage drums. This tank 
also came fitted with a motor driven stirring 
paddle that could be used to blend the ground 
fish waste with the acids, thereby eliminating 
the need for the ribbon blender, previously 
used, and would also provide mechanized contin
uous or intermittent stirring of the ground fish 
waste/acid mixture during hydrolysis (Fig. 6). 
Further, to reduce energy costs the di gest i on 
tank jacket water was heated from an instantan
eous gas fired water heater, located remote from 
the tank, whi ch prov; ded on demand, a constant 
supply of temperature controlled water to the 
jacket recirculation pump. 

AlthOugh the system worked adequately, and 
actual liquefaction of the bulk of the fish 
wastes was achieved in a shorter time period 
than anticipated, a heavy sludge consisting of 
fish scales, some fish roe contained with the 
viscera as well as some larger bone particles, 
none of which digested, created problems with 
transferring the silage to the storage drums. 
Initially, a drain in the base of the digestion 
tank was used to draw off and pump the silage to 
the storage drums. In practice, the heavy 
sludge particulate plugged the drain, necessita
ting an alternate silage draw off location. 
This was overcome by closing the bottom drain 
and extending a hose into the tank, to draw off 
the silage above the sludge. 

SILAGE UTILIZATION 

In general, in descendi order of volume, 
the viscera from whitefish ~gJ~~ clupea
formis, northern pike Esox tullibee 
~nus artedii and ---walleye 
vitreum formed the basis of the 
used. 

The silage produced was a thin brown 
1 iquid characterized by a not unpleasant malty 
odor and because of incomplete digestion of fine 
bone particles, a somewhat gritty suspension. 
Provided the fish waste used was fresh, very 
little odor was produced during the actual pro
cess. When stored and allowed to settle without 
agitation, the silage separated into three dis
tinct fractions, an oily upper layer, an aqueous 
middle layer (the major fraction) and a lower 
sl udge sediment. 

The amount of silage produced was approxi
mately equal to the weight of the fish wastes 
used, which in turn were found to be about 12% 
of the weight of the whole fish, dressed, pro
cessed and shipped from the fish plant. 



Although the original intention was to 
make the silage available as a feed supplement 
to both hogs and cattle. it was used only as a 
hog feed supplement. Two hog producers within 
50 km of Lac La Riche were identified as poten
tial users of the silage. 

The nutrient properties of the silage 
v ari ed accord i ng to the spec i es used as we 11 as 
to whether or not whole fish or fish heads were 
included in the waste. 

The proximate composition (Table 1) of the 
silage showed the moisture to range from 74.80 
to 78.30%, the protein from 13.20 to 14.75%, the 
oil from 4.53 to 4.60% and the ash from 1.52 to 
1.61%. These ranges would suggest that it would 
be desirable to maintain a bulk storage 
inventory of the silage to level out any fluc
tuations in composition. This way, periodic 
analyses of the composite batches of silage 
could be carried out rather than batch to batch 
analysis. As well, such an inventory would 
ensure a consistent supply of the silage to a 
user market. 

Table 1. Proximate composition of silage. 

Sample Moi sture Protein Oil Ash 
Day (%) (%) (%) (%) 

January 1985 

10 (a) 76.80 14.75 • • 
10 (b) 74.80 14.70 4.53 1.61 

18 (a) 78.30 13.60 • • 
18 (b) 76.60 13.20 4.60 1.52 

(a) Alberta Agriculture, Soil and Feed Testing 
Laboratory, Edmonton, AB. 

(b) Fisheries & Oceans, Western Region, Southern 
Operations Directorate, Chemi stry Labora-
tory, Winnipeg, MB. 

• not determi ned. 

As expected, because of the liver content 
of the viscera, the oil level in the silage was 
higher than desirable. Tatterson (1982) pointed 
out that if fish silage is to be included in 
animal feeds at a practicable level, an oil con
tent not exceedi ng 2% in the product 1 s advi s
able to avoid the possibility of taint in the 
carcass of the animal. 

Apart from using a less oily waste mater
ial to ensure an oil content of 2% or less in 
the silage, de-oiling can be achieved either by 
centrifugation, which would add to the cost of 
the process and its economy would be dependent 
on high volume and the sale of the oil to offset 
the equipment and its operational cost or, by 
allowing the silage to settle into the previous
ly described separate fractions and skimming or 
decanting off a proportion of the Oily layer. 

Although de-oiling was not carried out and 
the silage was used in hog diets on an lias is" 
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basis, there was no reported incidence of taint
ing in the hog carcasses. 

In August, 1982, there was a feeding trial 
with the silage (F.X. Aherne, Department of 
Agriculture, University of Alberta, Edmonton, 
Alberta, unpublished data) to evaluate its effi
cacy as a protein supplement for starter pigs; 
the oil level was not a consideration. Aherne 
demonstrated that the "as is" silage could be 
used effectively to replace some of the soybean 
meal in pig diets. However, as the feeding 
equipment used was suited to "dry!! feeds, it 
would probably not be feasible to include more 
than 5% (dry matter basis) of the silage 1n com
b; nat i on with other conventi ona1 low rnoi sture 
feed supplements, concluding that even at this 
level there would be a considerable saving in 
cost over other protein supplements and pigs fed 
such a diet would perform as well as those fed a 
soybean control diet. The satisfactory use of 
fish silage to supplement feeds of growing pigs 
as well as bacon pigs has been well demonstrated 
by other workers including Smith and Adamson 
(1976), Hillyer et a1. (1976) and Whittemore and 
Taylor (1976). Further, fish silage made from 
the processing wastes of several species of 
whitefish (Atlantic coast) and used as a protein 
source for livestock and poultry was also tested 
by Winter and Javed (1978), who concluded that 
the silage was an acceptable form of supplement
al protein for both calves and broilers. 

SILAGE PRODUCTION COSTS 

Costs shown in Analysis A reflect those 
associated with the Lac La Biche Fishermen's 
Co-operative plant installation. Also, since 
the Lac La Biche Fishermen's Co-operative plant 
was used by the nepartment of Fisheries and 
Oceans as a demonstration location, the equip
ment costs were borne departmentally and are 
therefore not included. 

Analysis B reflects total costs that would 
likely be expected in a new installation. 

Both of these analyses assume there waul d 
be no cost for the fish wastes since they are a 
by-product that must be di sposed of and coul d 
even represent a fi nanc i all i abi 1 i ty to a fi sh 
plant. It would also seem questionable whether 
labor costs should be included since the time 
apportioned to the process is minimal and could 
well be included as part of the existing respon
sibilities of the fish plant workers. However, 
for the purpose of these analyses, labor costs 
are included. 

ANALYSIS A 

Item 

Materials: 
fi sh wastes 
formic acid (85%), 
use level :0.75% @ $2.42/kg 
propionic acid (99%), 
use level:0.75% @ $1.903/kg 

Cost/Tonne 
of Sil age 

$21. 32 

14.10 



Lahor: 
~.75 hours @ $6.00/hour 

Although the time apportioned 
per tonne of silage produced was 
recorded. no actual hourly rate 
was identified. Therefore the 
following rationalization is 
used to arrive at an hourly 
rate: 
The fish -plant operator is paid 
on the basis of volume of fish 
processed through the plant 
annually. 
The approximate annual volume 
is 136 000 kg (300 000 lb) for 
which he receives approximately 
$O.OBR/ kg. Allowing SO.08R/kg 
for handl ing the fish waste 
would represent a value of 
$12 000.00 

$12 000.00 
__________ = $6.00/h 

250 working days x B h/day 

Energy: 
natural gas @ $2.45/1 000 c.f. 
electricity @ $0 .04/kw/h 

22.50 

5.05 
1.08 

~64.05 

The selling price of silage was ~29.40/ 
tonne representing a net loss to the Fishermen's 
Co-operative of $34.65/tonne. This below value 
selling price was due in part to the market 
being limited to a single hog producer user 
(although as previously indicated two hog pro
ducer users were identified, one went out of 
business). Added to this. the liquid nature of 
the s i lage as a feed supplement createcl sooe 
resistance to its use. 

Notwithstanding these constraints (whlch 
could be overcome in an alternate silage produc
tion location with access to a wider market as 
well as the introduction of 1 iquid feeding sys
tems such as used in Scandinavian countries), on 
the basis of the protein content of the silage 
of approximately 14% ln comparison to fish meal 
with a 72~ protein content and,! selllng prlce 
of approximately $800.00/tonne, the market 
value of the silage should have been $155.00/ 
tonne. Similarly. when compared (again on a 
protein equivalent basis) to soybean meal with 
48~ protei n 'I.t a current price of approximately 
$240.00/tonne , the selling price of the s11age 
would be $70.00/tonne. As shown, $70.00/tonne 
is close to the Fishermen's Co-operative cost 
per tonne of producing silages however, if the 
price of soybean meal approaches $400.00/tonne 
(as in 1981) an equivalent silage value would be 
$116.00/tonne. 

ANALYSIS B 

The following. although based on the Lac 
La 8iche experience. assumes a separate silage 
proceSSing facility adjacent to a fish process-

An t ma 1 Sc i ence Department, Pi g Nutrit i on and 
Management, Un;v. of Man., (Records of Feed 
Ingredient Prices 1985). 
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ing plant in close proximity to an agricultural 
user market and. amortized costs based on new 
investment. 

Capital Costs 

Facility: 
Building; 20' ~ 20' 

@ $45.00/ft 
Mech. and El ec . 

installation 

Equipment: 
Oigestion tank (used) 
Instantaneous gas 

water heater 
Water recirculat i on pump 
Control s 
Grinder 
Transfer pump 
Bulk storage tank 

(15 000 gal) 
Unit heater 
Plumbing and 

electrical 

Facilityarnortization 

$18 000 

5 000 

$23 000 

$ 700 

850 
250 
200 

1 500 
300 

2 000 
450 

I 250 

$ 7 500 

@ 10% yr over 20 yr $ 2 055.60 

Equipment amortization 
@ 10~ yr over 10 yr 1 179.36 

Cost/Tonne 
of Silage 

$ 3 234.96/yr 
--".,--- • 40.40 

80 tonnes 

Oeerat i ng Costs 

Materials: 
Fish wastes (500 000 kg annual 
fish plant volume with 12 per
cent recovered viscera/offal 
60 000 kg - at no cost, plus 
20 000 kg of whole fish by-catCh 
at $0.07/kg ($0.03/1b) for a 
total of RO tonnes annually or 
$17. 50/tonne) 

Formic acid (85%). 
use level:0.75t @ $2.42/kg 
PropioniC acid (9~). 
use level:0.75% @ $1.903/kg 

Labor: 
3.75 hours @ $6.00/hr 

Energy: 
Estimated 

(This will vary with the 
1 ocat; on i nfl uenci ng the 
source and cost). 

Overhead Costs 

Facility maintenance 
@ 5% of capital cost/yr $1 150 

17 .50 

21.32 

14.10 

22.50 

7.00 



Equi pment mai ntenance 
@ 8% of capital costlyr 

Insurance 
@ 1 1/4% of valuelyr 

600 

380 

$2 130/yr 

80 tonnes 
• 26.63 

$149.45 

Although there is considerable scope for 
reduCing this cost per tonne of $149.45 in such 
areas as raw material and labor costs, types of 
facilities available and economies of scale 
(e.g. the digester tank, as in the Lac La Biche 
upgraded facil ity has a capacity of 2 000 kg 
which if used to capacity for 100 days could 
process 200 tonnes of silage), any real profit 
potent i a 1 wi 11 depend on the producer obta i ni ng 
a fair market price for the silage based on its 
protein unit value. 

CONCLUSION 

Although the apparent costs of producing 
fish silage outweigh the selling price experien
ced by the Lac La 8iche Fishermen's Co-opera
tive, wlth some concerted and aggressive market
ing efforts as well as the introduction and 
encouragement of the use of suitable feeding 
systems, the demand for thi s type of feed sup
plement could increase. Potentially, the pro
duction of silage could provide income as well 
as a means . of utilizing fish wastes and by-catch 
1n sltuatlons where their disposal creates a 
problem or a cost to a fish processing plant. 
Since the product is bulky its production should 
he located in close proximity to a user market 
with the market large enough to provide suffi
cient user alternatives. According to Whitte
more and Taylor (1976), the protein qual ity of 
fish silage is at least equal to that of fish 
meal. This, in addition to the impact of 
increasing energy costs that are likely to make 
~onven~ i ona 1 sources of ani rna 1 feed protei n 
,~gred.,ents more expensive, may make enSiling, 
wlth ltS low energy requirements, increaSingly 
more attractive in producing a protein 
ingredient alternative from the conversion of 
fish wastes and by-catCh to a nutritious liquid 
animal feed. 
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Fig. 1. Initial Facility. 
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Fig. 2. Schematic of Initial Trial System. 
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Fig. 3: Upgraded Facility - Exterior View. 

Fig. 4. Upgraded Facility - Interior View 
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Fig. 6. Digester Tank Showing Agitation Paddle. 


