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Work was started in the early 1950ts at the Halifax Laboratory
to develop a defatted and deodorized fish protein concentrate suitable
for human consumption. Two different avenues were explored; enzymatic
hydrolysis and solvent extraction. Studies on enzymatic hydrolysis lie
outside the scope of this talk,

For cur studies on solvent extracted fish protein concentrate
it was decided to investigate the use of isopropyl alcohol. This
solvent had shown promise in earlier studies on the extraction of fish
roe. It has many characteristics which made it a logical choice for
use in extraction of fat, water solubles, and water from fish. TIts
toxicity to humans is low, and it does not combine with the components
in fish to form toxic compounds. Isopropanol is water soluble, readily
available at relatively low cost, is easily handled, non-corrosive to
equipment, and there are rew government restrictions on its commercial uss.

Studies were directed towards the extraction of filleting scrap to
produce a tasteless and odorless product, and in the 1955-56 Annual Report
of the Laboratory Dr. Guttmann described a procedure which is essentially
the same as the cne published in Progress Report No. 67 in 1957. The
method was still essentially on a Laboratory scale.

The process was adapted to a pilot scale during 1957-1958. The
essential features of the Guttmann-Vandenheuvel-Gunnarsson Process are
shown in Slide 1.

The FPC project was taken over by H.E. Power in 1958, anc for the
next two years the process was investigated in detail on a pilot plant

scale. Ccisiderable variability was experienced with the color of batches

of FPC (Slide 2). This variability seems to be related to season and
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possibly reflected difficulty in reproducing the method with the same
species at different times of the year (Slide 3).
The ma jor problem lay in filtering or centrifuging the gelatinous
mass which wis formed when water and acid were aaded to the ground fish.
The poor filtration rharacteristics of this blend were recognized by

Cunnarsson but it was anticipated that centrifugation would solve the

problem. Although satisfactory bat-hes were prepared, frequent difficulties

were encountered, e.g. some batches were not cdorless, presumably a result
of inadequate washing; processing of other batches had to be discontinued
due to the centrifuge cake becoming completely impermeable to water.

Therefore, modifications Lo the process were indicated. In spite
of the limitations of the process, quantities of quite good FPC were made
available to many interested parties during this period.

The initial extraction with water was originally introduced to
remove water scluble naterials prior to the extraction of lipid with
isopropanol. In another section of the lLaboratory, Mr. Dambergs was
interested in studying tne proteia of cod muscle as free as possible of
other components. To achieve this goal he investigated various mixtures
of isopropancl-water for the extraction of fat, water solubles and protein
(5lide 4). 1t now became apparert that the isopropancl extracted the
water soluble materials effectively if it contained 15-2C% cor more water.
Fat was extracted optimally when the iscpropanol contained 20-30% water.
There was essentially no extraction of protein unless the water content
exceeded 20% and very little up to 25-30%.

The solution to the problems presented by the water axtraction was
now apparcnt and from this point the first extraction was performed with

70% isopropanol. This procedure resulted in a porous mass resembling a
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mixture of fine sawdust and water and ~ompletely eliminated the problems

concerned with centrifugstion and various odor characteristics. It also
provided a means of preserving the raw material which was very susceptible
to spoilage.

The Fower-Dambergs improved method for preparing FPC from cod and
related species is described in J. Fish. Res. Bd. Canada, 19: 1039-1045, 1962. )

Step I: Fresh, skinned cod fillets (or other naterial) are ground
to 1/4 inch size in a 1 1/2 hp meat grinder. OUufficient 99% isopropyl
alcohol is added to give a 70:30 isopropyl alcohol-water ratio in the
mixture making use of the water already contained in the muscle, This
requires approximately 19 imp gal of 99% isopropyl alcohol per 100 1b
of fillets. The mixture is stirred for 1) minutes in a stainless steel
tank, during which time sufficient 20¥% phosphoric acid is added to bring
the pH to 5.5. This partly hydrolyzes the ccnnective tissue, making the
collagen and gelatin more soluble. The flesh of this fillet is dehnydrated
and slightly denatured by the alcohol. The texture of the flesh changes
from a soft paste to granular particles. This nakes possible the use of
& high speed comminutor for further size reduction. The alcchol-fillet
mixture is then put through a Fitzpatrick comminutor fitted with a acreen
having 1/8 inch diameter holes.

Step I1: The material is then put in a 3C gal reaction kettle and
maintained at 178 to 180 F with constant agitation for 3C minutes. A
glass reflux condenser is used to prevent lcsa of ai ohol. The material
is then pumped to the Bird Hasket centrifuge and the lijuld centrifuged off.
The cake then concains 45 to S0% liquid. At this point approximately 94%
of the fat and 72% of the water solubles which wiil te remcved rave been
extracted. The cake is then broken up by passing it through the Fitzpetrick

comminutor, this time fitted with a screen having 1/2 inch square cpenings.
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Step III: The shredded cake is replaced in the reaction kettle
with 10 gal of 70:70 isopropanol-distilled water mixture for each 100 1b
of starting materisl. The temperature of the mixture is raised to 178 to
180 F and held there for 1% minutes with constant agitatiur. 1t is then
pumped to the ‘i~ ~entrifuge and the liquid removed. After this
extracticrn approxirately 97.5% of the fat and 98% of the water-soluhle
material whir will be removed has heen extracted. The cake is again
shredded in the Fitepatrick comminutor using the screen with 1/2 inch
square hicles.

vtep 1V: The matorial is then put in the reaction kettle with 99%
isopropyi al-onol and again heated 1~ 178 to 180 F for 15 minutes while
being ~«rstant., agits: in tris extraction 10 gal of i=:propyl aicohol

are used rer JOC 'Loof clar - g uaterial.  The slurry is ther pumped to

the centrif ge and 'te [°.1d entrifuged off. A further 4 gai of Y97F

isoprepancl {3 the .ace . ‘re kettie a J tea'e: . 172t 130 F
and then pupd inte tne o ' fuge {r roer . laar e a3t f the
sollds fror ‘re ket le, pump aivt (i7@43 and L was® "= a.r o the

rentrifuge. The ake i3 tren Lirokern .p r tre Fit:@patri k ocmmirator.

The fat ontent after Lre exira ticr will te lesa= trar .06 (uamlly
from .Ul6 to .Uuk) n a dry basis as neasired ty ex'ra *ior with e
ssthancl-cnloroform sixture {Bligh and yer method . Eixtra tion by ether
in a Soxhlet appaerat s shows & ssalier fa* ontent,

tep ¥ Yo grourkd axe s thern irisd {1 trays using a ~abinet type
dryer ir wil r alr &' U (L F e rlwr ver tre trays ! material.
Drying taxss frm .0t ¥ nours tepardl g v | -al weatner . nditicns.
T™e a.ccnol is removed ol Lre moist cre redoed . ¢ ot 8 After irying,

firal grirading ' flo.r silse 1s periomed (7 o ‘elts 1isi-tegrator using a

N3 ipeh sorear. The flmas predet s them seaied in pulyetny.ne bags.
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The use of 99% isopropancl for the final extraction resulted in a
cake which was easier to dry and eliminated the risk of spoilage when
drying is done over an extended period. It is possible that acid could
be eliminated providing very fresh starting material is used. However,
experience suggests that the risk of odor in the finished product or
subsequent flavor reversion is a very real one unless acid is used.
When acid is used color and flavor have been consistently satisfactory.

The process has been modified for application to fatty species.
In this instance, the isopropanol content is maae as high as possible
during the second eatraction. Two extractions with herring reduced the
fat content to 1%, and a third extraction brings this to less then 0.1%.
This compares with 0.,02-0,056% for lean fish. All these vaiues are well
below fat contents which have been recommendsd as satisfactory for the
best quality FPC. FPC has now been prepared from cod fillets, filleting
line scraps, cod filleting line scrap press cake, whole cod, whole
eviscerated cod, eviscerated and headed cod, mature and immature herring,
capelin, whcole skate and whole dogfish. Al' these products are of
satisfactory -~oler, flavor and odor.

Alr dryiig leaves a residual isopropyl alcohol content of approximately
1 to 1.2%; varum ¢rying removes very little more of the residual alcohol.
Steam stripping and redry ing has been shown to reduce the level of
residual solvent t. 250 ppm or less.

Removal of all or part ¢! the bone, in the raw material, before
processing ylelds higher proteir lsvels and low levels of fluoride in
the final prod. *.

Slide 6 The .axt siide srows tne proximate analysis of fish protein ccncentrate

made from varicus rew materials. The protein content is highest from
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fillets where bone does not contribute significantly. Whole cod yields

a concentrate ccntaining 84.7% protein and trimmings contain 87%; whole
herring results in 89.7% protein. The residual fat varies between 0.02%
and 0.056% for lean fish to a high of only 0.18% for uerring.

The nutritive value of the protein concentrate is high. The
protein efficiency ratios (PFR) of all camples ars higher than the
corresponding values for casein with the exception of the samples
produced from press cake. Again the loss of proteinaceous material
during pressing is the most probable cause of the decrease in quality
of the protein of this materisl. The press cake cooked by the use of
live steanm, directly injected into the material, showed the lowest PER
due to the extractive effect of the steam condensate. The highest PER's
were ziven by the protein in the concentrate produced from cod fillets,
whole herring, and whole cod. The PER's for these co.centrates were
2.97, 2.74, and 2.64, respectively. Protein concentrate made from
headed, sviscerated cod and cod trimming: gave intermediate wvalues for the
PER; 2.58, and 2.57, respectively. These can be compared with a valus
of 2.50 for casein. The samples of protein concentrate produced from cod
trimming press cake gave the lowest values for the PER; 2.19 and 2.12
conciderably lower than casein.

Available lysine js= also very satisfactory. The values for available
lysine are shown in the next slide (Slide 2). All samples show available
lysine values of betwesn 6.14% of the protein and 10.4% of the protein.
With the exception of the protein prepared from mature female herring

Just prior to spawning, all values are above the minimum value of 6.5%

recommended by F.A.O. in their Tertative Specifications of 1961.
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The Fisheries Research Board and the Department of Trade and
Industry have been co-operating to obtain the approval of the Food and
Drug Directorale of fish protein concentrate as a food for human
consumption in Cunada. Tne chemiral, nutritional and toxicological tests
required by the Canadian Government before apprevel can be given have
been successfully completed and a submission requesting approval has
been submitted. It is expected that rulings wili be given in the very
near future. Fish prciein concentrate has already received approval as

8 human food additive in the United States.

The present request for approval by the Canadian Food and Drug
Directorate: is based on fish protein concentrates made from four raw
materials. These are: whole herring, whole capelin, and cod and
haddock trimmings (that is, the remains of the eviscerated fish after
the fillets have been removed. Approval will also be requested for
species related to the foregoing and for flish protein concentrate made
from hske on the basis of approval of this F.}.C. by the American authorities.
In the future it is planned to obtain approval of fish protein concentrate
made from a wider range of edible species if a species by species approval
proves necessary. OSome species being considered, which are not at the
present time used in Canada for food purposes, are skate, dogfish, sand
launce, argentines, flounder and many other unuerutilized specius.

In view of the protein shorlage evident in the world today, one
facet of the adoption of fish protein concentrate as a human food i3 of
particular importance; at the present time we are not, using our marine
resources in a very efficient manner. We bring large quaitities of edible
fish to the decks of our fishing vessels, select the species we can
consume econonically, and return the remainder, dead or dying, to the sea.

With conversion to F.P.C. these presently unusabls species can provide high

quality protein which would otherwise be wasted. There are many species
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of potentially edible fish we make little or no effort to catch; these

8

include sand launce, argentines, hake and the elasmobranchs. If we are
to increase the ~onsumption of marine protein in future years, we will
have to find mean. of using these species and other smaller fish which
do not lend themselves economically to present processing practices.
Exploration of new fish stocks is being carried out by Federal and
Provincial Governments tc determine what additional species are suitable
for future exploitation.

Establishmerit of an F.P.(,-based industry would aid both the
fisherman and the concumer. Fishing vessels bringing in both directly
edible fish and fish f r conversion to F.P.C. could obtain a full load
more quickly, resulting in shorter trips with a consequent ircrease
in quality of the fish caught during the early part .t the voyage. As
fewer boats would return with partially filled helds, the fisheran
would als» profit. OSpecies presently landed for meal could also command
s larger price if they r~culd be made available in & form suitable ftor
human consumption,

In the Federal Government there is an interdepartmental committee
on fish protein concentrate to promote the effectiveness cf various
departments of the Government towards commercial application of the
isoprcpanol process for making F.P.C. in Canada. Various sub-committees
report to the committee in such important areas as research and marketing.

Last year, Cardinal Froteins Ltd., with head offices in Halifax,
announced plans to prcceed with the construction of a full scale
commercial plant tc manufacture fish protein concentrate at Canso,

Nova Scotia. The Halifax isoprcpancl process will be used. It is planned

that this plant will have the capacity initially to process 200 tons of
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fresh fish per day; this will result in an cutput of 3C tons of protein
concentrate per day. Haw material will be herring, ~od and hadd-ck
trimmings, and edible species presently not used f-r human food.  This
plant, finar-ed for $5 million dollars, is expected t: go intc preduction
near the middle of 1970, The selling pri~e of the produ-t {s axpected
to be 35 cents par pound. Crientists ¢f the Fisheries Resear n Ho.=d
of Canada are co~cperating ricsely with company ergineers in the Jesign
of this plant and are ~ontinuing research related tc the pro es«. It {i»s
expected that this prototype plant will be modified extensively as
experience is gained.

Pesear-h is continuing on fish protein concentrate at the Halifax
Laboratory. Methods have been developed for determining the flucride
remaining in F.P.C. and studies are underway t.° 4etermine th+ fluoride
content of various parts orf the fish fur a romber . [ speciss, A gas
chromatographic methed has been developed to enabls the residuai alcohol
content tc be determined rapidiy. work on improving the effi ijency of
the extrartion proress is rontinudng and it has beer shown that the
isopropyl alecnol-water azeotrope, easily recovered by simple distillation,
can be used effe-tiveiy in the extra tiorn pro-ess, even for fatty specles
such as herring. Another group is examining thre possitility of producing
fish protein concentrate with varicus physical characteristics such as
water-binding and heat-coagulating abiiity; such an F.P.C. could be used
in mest prod'ts. In fact, fish protein concentrate is not a product,
but reiher a variety of products, each modified to meet specific
requirements. Jack Davis, the Federal Minister of Fisheries and Forestry,
+ has compared F.P.C. to pulping in the forest industry.

A great advantage to properly packaged F.P.(. compared to conventional

fish products lies in its almost indefinite shelf life under nearly any
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