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By S. A. Beétty, Director

The research staff of the Atlantic Fisheries Expsrimental
Station has been concerned for some years with the very early
spollage of fish during that period before actual methods of
preservation, such as salting, canning or freezing can be applied.
Since the longest storage period, before pressrvative measures,
other than temperature control In the region of the freczing
point are takeé is in the fresh fish trade, thé research program
hes been most directly applicable to that branch of the industry.
But while liétle attention has been paid of late to such
preserVativé measures as salting or freezing, we believec that
definite progress has been made, and that while this serics of
lnvestigations now appear to be reaching a stage that for the
time belng will permit of lessened activity, they will cnsable *
us to transfer our efforts to other phasecs of fish proscrvation
:with greatef certalnty that the foundation hes bsen w:11 laid,

We know how the general trend of sesvents that occur_dufing
the early stages of fish spoilage. We know the types cf orgenlsms
concerned, and where they come from. We know considesrable about
thelr optimum environmsnt and something of their respiratory
attivity. We know the actual stowage conditions at séa end msans
bf correcting the grqss.errors in procedures., We know the main
weaknesses in our butchéring techniques although we have gone

only a short distance in their correction.



Insofar as the fresh fish trade 1s concerned we have
unsarthed serlous errors in shipping methods, and are now under-
taking commercial tests which we hope will correct these. We
have considerabloiinformatioh as to the state of preservation
of the fish as 1t reaches the consumsr.

This Information has been released to the fish trade
as 1t has been obtained through our Progress Reports, through
personal contacts with members of the trade, and through
conferences with plant foremen., Not only is the industry aware
of the findings of the laboratory, but members have been most
co-operative in their own efforts to better their product (one
firm reduced the bacterial contamination of their fillets by
about 90%). They have given every assistance in the way of
trisl shipments. Reports reaching the laboratory from
distributors in the interior indicate a definite improvement in
the quality of the fish reaching them.

We believe the foregoing 1s proof that it pays in a small
laboratory to concentrate our efforts on a small number of
researches. But the time has come when a large part of our staff
must investigate the problems of the salt fish trade. 4 good
start was made in this field several years sgo when physical
chemical studies of the drylng of heavily salted fish rssulted
in the artificial drying of practically all our heavily salted
fish. Thils was worthwhile stop gap work, but it was not =2
systematic’ investigation of the problem. We have now started to
study the bacteria concerned with the salt fish industry, the
actlon of salt on them, the definitely halophilic organisms, and

the action of salt on the muscle proteins. As with the fresh fish
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in&estigations there must be a definite lapse of time between
the start of the investigation and practical results, but we
believe thet, if our present capable trained staff remeins
intact, results of practical value will develop rapidly.

While this transfer of our main activity from froesh
to salt fish was due anyway, the addition of the Province of
Newfoundland to Canada makes it more imperative that these
researches be pursued vigorously..

The main contributions made during 1949 are as follows:

FRESH FISH

We have known for a very long time that fish iccd in the
laboratory, whers considerable care is taken will keep perfecily
fresh at lcast twice as long as fish iced aboard ship, and we
know that this difference in keeping time must be duc %o
differences in the temperature of the fish. Last year we
reported studies on the prepondsrance of phyohrophilic bacteria
in fish stowed in ice. . It was shown that these organisms grow
rapidly at temperatures only slightly higher than that of mclting
ice. Thils fact raises two important questions (1) What difference
does a few degrees near the frsezing point make in the rate at
which these bacterla can spoll fish, and (2) How much above ice
temperature are fish normally stowed at sea, in the plant, znd
during transit to market?

Mr. Castell has shown the very pronounced diffesrence &
few degrees make in the keeping time. Lowering the tompsrature
from 37°F to 32°F just about doubles the keeping time; that is
cod fish stowed at 37°F keeps about 5 days, while at the tomperaturs

‘of melting ice between 8 and 11 days.



Mr. MacCallum's measurements of the actual stowage

temperatures aboard ship have shown’'that there are marked differ-

. ences 1n various parts of the hold. He hes shown that the fish

in the middle of the pens  ,where the cocling should be best,require
about 3 days on the average to reach the temperature of the ice,
This means that some of the fish probably never do reach 32°F,

He found that coolling was particulaerly poor along the
back walls of the pens. In fact some of these fish never gct
below 40°F and the fish in the tops of the pens are only slightly
better cooled,

What effect have these very poor stowage -conditions on
the state of preservation of the fish? We have shown prceviously
that stale fish can be found not more than 3 days old in surmer
weather aboard schooners, and not more than 5 days old aboard
trawlers.

Why are stowage temperatures so poor? The fault is in
part the construction of the fish holds and in part the poor or

careless icing done by the crew., It is impossible, nc matter how

a fish hold 1is insulated or refrigerated to bring in gocd fish
with our present stowage procedure and it would be very difficult
with proper stowage procedure to land fish, all of it in & good
state of preservation, when stowed in our fish holds =2s they are

now constructed,

We have demonstrated to our own satisfaction that the

present stowage procedure can be greatly improved, and in cur

lopinion 1t is time that our icing techniques were given a full

{scale trial in commercial practice. We wish to také charge of the

actual icing operations aboard three ships next summer frem June

S
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“throu_h September., One of these 1s a typlcal trawler, one a
schocner with an insulated hold, and the other a schocnsr with
nc hold insuletion.

We have made no survey cf the actual storage tsmpersaturos
in our fish processing plants because the practices vary so much
from plant to plant thet little information generally appliceble
could be cobteined unless the whole industry were survsyed. Butb
it 1s common prectice, as far as we are aware, in cvery plant
to permlt fish to stand on the filletling lines too lon;;, for
exemple cver the nccn hour,

The stowage of fresh flllets in ice was shown last ysar
to requilre more than 24 hours to cool, and particularly in L.G L.
shipments the fish sometimes did not reach the ice tenperature
at all,

Luring the present year work was done on the precooling
of fillets. It was shown that precocling in water or dilute
brine before packing is impracticable not only because the fish
take too lon; toc cool but because they mey warm up considerably
before the packing 1s complete.

Dr, Dycr has shown that rapid freezin:: has nc ncticegble
effect on cod or héddock flllets, and that the objscticnnable
characteristics of frozen fish ars the result of long storage or
poor storage conditions or both. Hence, freezing or portisl
freezing followsd by almost immediate dsfrosting shculd <o no
herm, |

Mr., MacCallum has found that crdinarily 20 pcund metal
fillet boxes of cod or haddock fillets can be frozsn to o Gepth

of 1/4" in about 30 minutes either in air flow freezers or in
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Birdseye freezers, tiat these filliets are ncrmally defrosted
in about 3 hours and'the temperature of the whole box lowered
to the frsezing point of fish (about 30°F, Dr. Carter 1948),
Small lots of fillets precoocled in cardboard contalners were
shipped by one firm tc Mcontreal, and whille the cardbeord contelners
were‘not satisfactory the fish arrived in excellent condition,
It is planned to expand these triasl shipments durihg 1950 to
full scale opsration,lf larger trial shipmsnts prove satisfoctory.
This brings us to a study of ccnditions, particulsrly
temperature conditlons, in wholesale and retall stores. Since
our study of the state c¢f prsservaticn of fish in wholesale and
retail stores in the interior in 1937-1938, we bellevec there has
been a definite betterment in the quality of the fish shipped
from the Atlantlc coast. But we have.nsver made a thorcugh study
of the actual holding facilitiés and distribution techniques,
This 1s en sssential study that should be undertaken during 1956.
_ We have previcusly reported the vory groet importance of
fish slime as a medium for the growth of spoilage bactoria, and
as a means of spreading these organisms through a fish plant,
Our studies have shown that the thorcurh romovel of slims from
the fish before fillleting has a merked offect on the kosping
time of the filiet., It was shown that this rsmoval of ths slima
before filleting results in a very much lower bacterizl lcad on
the fillet. But desliming has 1little cr nc effect on the keuplng
tiﬁe of the round fish, 1In some way bacterias are continuing to
act. Mr. Richards showed that bacteria can and do psnstrate the

skin and ect on the muscle tlssue bencath,
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Studles started in 1948 were continued this year. It
was shown that organisms do penetrate to the cellular tissue of
the muscles beneath the skin. Here penetration is very slow,
the bacteria do not seem to be able to penetrate the muscle cells
but, given time, they work thelr way into the intercellular spacese.

We do not know as yot the practical significance of this
penetration., The grecatest part of the work was done on fish
which hed already spent several days at sea. What datea weg have
would indicate that the penetration is ﬁot significant for the
first 4 or 5 deys with properiy cooled fish, Thils should be
definitely settled during 1950,

Our investigations 1lnto the reduction of trimethylamine
oxlde have glven us the most reliable single index of spollage
for cod and haddock. They have been of definite importence as
well in working out the course of events during the early stages
of spollage. Ve have shown previously that during this period
lactic acid is oxidized to acetic acid and carbon dioxide. Mr,
Kastner has measured the volatile acid production in spoiling
fish flesh and has shown that the oxidation of lactic =cid
parallels the reduction of trimethylamine oxide,.

This oxidation will be studiecd in greatcr detail, Ve
shall determine if thils reaction bccurs during the periocd of rapid
bacterial proliferation both in fish that do and do not contain
trimsthylamine oxide. If this 18 true we should have a possible
measure of the state of preservation for =211l fish. The various
degradation products will be dstermined as accﬁrately as possible,
and 1f onsc constituent, ege acetlc acid, 1s invarilebly present,

we shall endeavour to obtaln a rapid mathod for 1ts determination.



8

The bacteriological laboratory hass shown the importance
of the elimination of sliﬁe previous to filleting, Last ysar
we reported abortive attempts to develop fish washers capable
of cleaning fish on a commercial scale,

This year Mr. Foley and hls assistants have developed
a washer tbat does remove the slime satisfactortly, and if:-this
equipmenﬁ stands up in commercial operation the problem seems
reasonably well solved,

The basic problem was to remove all the slime from every
fish, because, 1f an occasional dirty fish were to gst by, the
whole fllleting line would be contaminated. Hénce, every figh
must be assured of satisfectory individual treatment.

The apparatus consists of an inclined shute down which
the fish travel by gravity. The bottom of the s..ute consists
of a roller that gives the fish a rotary motion and expaedites
its travel down the shute. AAs the fish travels along 1t is
brushed by rapidly rotating wipers made of rubber belting, the
whole shute belng sprayed with water to carry away the slime,
The removal of contamination 1s about 99 percent, and the machins
has a throughput of about thirty steak cod per minute,

We have had no success in developing a satisfactory
semi-automatic filleter, and the effort that must be put into it
when compared with the chances of success seems to make it
difficult to justify cur efforts. We have decided to turn to

other work that bears grcater promisc.



FROZEN FISH

Our work on thils branch of the industry has gdno in two
directions., We have continued our work on air-flow freczing
in an endeavour to devslop équipment cheapsr in operation, and
more versatile than the plate freszers. Ve have made exhaustive
studies on the effect of cold storage on packzaged fish,

The work on air flow freezers consisted in the mein of
the installation of pfoper refrigerating equipment, and of the
design of a suitable tunnel., These are both done. We arc now
working on three further phases of the'problem. We hope to be
able to reduce materially the floor space occupied by the tunnel,
We have yet to work out a suiltable rapid defrost mechanism. Wo
have not yot becn able to evolve a suitable car light in wsight
and with sufficlent flexibility.

The second series of experiments were concerned with the
effect of storags on fish.

Dr, Dyer has previously shown, as well as have many others,
that thers is a2 definite relationship between storage temperature
and quelity; the storage perlod for cod and haddock being quite
short except at -10°F, This work is being repeated for halibut,
The results are not at all convincing but 1t would scem that at
O°F or lower frozen halibut is good for at leest 6 months.

411 the work we have done on the storagsc of frozsn fish
indicates the importance of protein denaturation. We bclieve if
we could prevent this lattey change we would overcome tho most

serious single difficulty in the storage of frozan fish,
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SALT FISH

Since salt is a preservative, one essential study 1s the
bacteriology of salt fish, We have confined our attention in
the past to a study of red helophllic orgenisms, and most of our
work has been mainly a systematic study of these bacteris and
attémpts to circumvent their growth by mscns of bacteriostats
thai could be used on a food product. & proper study of the
fleld should include a study of growth over all ranges of salg,
and investigations of the metabolism of the orgenisms concerned,
and oonditions determlnling their growth'limits. A stert has
been made in this work.

One of our most important investigations on the halophiles
is the determination of lethal temperaturss in relation to time.
It was felt that possibly the essiest and cheapest way of
ciaaning up the solar salt, which is probasbly almost invariably
the primary contaminent, is by heat. Mr. Castell has shown that
it requires about 9 minutes at 212°F to kill the growth in salt
end that it is more resistant to heat when growing on fish. We
shall endeavour to determine the cost of sterilizing salt in
~bulk by heat.

The only practicael method of control of growth of red
on contaminated fish has been by refrigeration., &lmost sll larger
processors of heavily salted fish have cool storages cepsble of
holding the fish at about 40° to 45°F. It has been found that
red 1s, much more thermophilic than we had thought. They grow
very ropidly at 45°C (113°F). By incubating at these higher
tempefatures we can now complete counts in 2-6 days that used to

require as many wceks,
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On the other hand, unless fish are very heavily
contaminated growth is not likely to occur at 45°F,

Pigment formation seems to be related to bacterial
respiration. The development of colour 1s dependent on the
contact wlth zir, on temperature, and on water content of the
medium, It 1s easily possible that there can be a feirly heavy
growth under certain conditions beforé the development of colour
reveals this growth, Red has been shown to be generally
distributed throughout one fish plant examined{ L1l storages
and utensils were found to be contaminated, The lowest
contamination was found in the dryers and the.dry sterages. Thils
is probably due to the drier air in these portions of the plantg

Dr. Dyer has made a good start on the physical chemistry
of salting. This work has been continued this year by Mr.
Duerr, working under Dr. Dyer's direction, The penetration of
saelt into fish muscle is probably greatly affected by the state
of the proteins., Hence, the effect of salt on the rate cf
denaturatlion has been determincd not only on the protcins in situ
but as well on isclated proteins. The proteins in situ denature
above about 10% salt. This is of importance in the brining of
fillets previous to freezing. Salt soluticns over 10 percent
should not be used., With isolated myosin the results ar:
different. There is‘é gradual denaturation paralleling the
increase in the strength of the salt solution, this denzturation
being related as well to the temperature.

There has been a continual request from e branch of the
industry for a very rapid means of determining the molsture

content of salt fish, a method that would leeve the fish intact.
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Thls is almost an Impossible task, mainly because the sampling
of the fish is very difficult unless reasonably large samples
that would destroy the fish were taken.

. But thls 1is not the primary problem. No one has devised
a chsmical or physical test rapid enough to grade any small
product such as fish except for such chsracteristics as slze
and weicht., Hence, apples, potatoes, eggs and similar products
are all graded by visuel inspection, and almost certeinly the
same will always be true for salt fish., Therefors, the limiting
factor 1s the accuracy of the inspector, and we have methods
for determining water content of salt fish satdisfactory for the
determination of the accuracy of the grader,

During the summer we investigated the ability of skilled
officers to estimate the water content of fish. We found that
for very moist or very dry flsh these inspectors had no
accurate ldca of the watsr content.

It was found that over ths ordinary commercisl range
at which fish are usually exported they would probably be out
about 1% percent. Thils seems to be acceptable accuracy, but
1t 1s possible only whon inspectors and graders arg under
continuous lsborstory supcrvision. It would appaar that nsither
graders nor inspectors should be askad to grade fish much

beyond the range 35-42 percent,
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MARINE OILS

The research in this di&ision of greatest immediate
importance is the separation of cod liver oll from cod liver
resiue. If this work can be pushed through to a stage of
econcmic commerclal development it will be very timely indecd.

Before the last war the Maritime cod lliver oil industry
was poorly developed, pertly due tc the competition of the
Norwegian ccd liver oil producers, but during the war the
Maritime cdd liver o0il industry was worth about $500,000.00
ennually, The greater part of the medicinal oll trade was lost
rather»early in the post-war period. Our cod liver oils ran
barely more than the required 85 D, but they averaged over the
whole Maritime area somewhere between 3000 and 4000 4, Most
procassors found it more profitable, as the prics in medicinal
cod liver cil declined, to sell this relatively high vitamin A
.oil to the feed blendors. Recently the price of this oil has
declined very markedly, particularly because of the competition
of alfalfa meal and alfalfa leaf meal, and because of the
devalmation of European currencies. Our cod liver o0ill processors
now £ind themselves in much the same position as they wers previous
to the war, with costs of production as high as, or higher, than _
the selling price of the oil. We eare ndw responsible as well for
a considersble production of cod liver oll from Newfoundland, and
the Newfoundland industry is finding itself in possibly worse
circumstances because,by and large, Newfoundland oil is not

nearly as high in vitamin A, It is obvious that unless some other
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product can be markcsted the cod liver oil incdustry of the Atlantic
ccast will remain ailing or die,

The se¢paration of oll from the cother constitucnts of
the cod livsr achisved by Dr. Vandenhsuvel last year has
‘beenlfully patented, anc¢ we arc now in a position to attempt to
make the separaticn on a full commercial scale. e havs rsached
sgrecments with one of the purveyors cf centrifugal equipment
and with ons of the largest producers of cod liver oil, which
will enablc us to operate on a full cocmmsrcial scale, and we
hops tc be in operation enrly in Janusry 1950. _Except for the
capital cost of an expensive centrifuge this method should be
chceper than the present methods and should yield a rsccvsry
approximntely s good as any process now in operation. 4Lt the
seme time it mokes availlable a relativsly concentrated protein
residue which might be of considerable velue. Dr. Guttmann, who
is on loan from the Nova Scotia Research Fcundation, has spent
considerable time In determining the best use that can be made
of these liver residues, He has fcund that they are equivalent
in the important vitamins of the B group tc mammalian liver. At
the present time pork liver is selling for ebcut 18 cents
wholesale in Helifax, and beef liver for about 30 cents. Pre=-
supposing a net sslling price of this liver residue of 15 cents
the gross intaks from the sale of the liver residue from one of
the larger trawlers would be somewhers between $10,000.,00 and
$15,000.00 annually, the oil at the present price about $7,500.00,

or a tetal value of somewhere around $20,000,00, This is sbout
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equivalent to.the total value of the oil alone at its highest
wartime price. A4ctually 1t should be worth more than the
wartime value because practically no method used on ‘the Atlantlc
coast recovers more than 75 percent of the oil present.

The long range problem of the oll research leboratory
is to finﬁ & market for fish body and liver oils, which will be
dependent not on other materials, such as vitemins which mey
be contained in the oil, but on the oil itself. One of the most
fruitful fields of research in this cdirection is the hardening of
clls by the acd ltion of hydrogen. This procedure, which has
yielded foods, subh es vegetable shcrtenings and butter substitutes
from some vegctable oils, has not been epplicable generally to
other vegetable vlls znd marine oils. We believe thot
hydrcgenation will not be ap.lied successfully to marine olls
until we have more knowledge of the hydrogenation processe. Dre
Vandenhceuvel and Mr. Nicksrson have been carrylng on ressarches
in this fisld for approximately 15 years. They have develcped a
- quantitetive prccedure which has yislded very satisfrctory
results with simple unsaturated orgenic compounds. They are
now 2pplying this msthod to esters of longer chained fatty acids,
and eventuclly they hope to be able to determine exactly what
g0es on cduring hydrogenation in the more complex oils.,

Resecrch is a2lso being carried oﬁt on the pclymcerisation
of marine oills, This work hes been in progress only a fsw months,
One of the problems w@ich is now under investigation in this fileld

1s & moderate polymerisation of fish oils to slow down their rate
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of oxldaticn sufficiently to ellow theilr use in canning of fish

products as a substitute for vegetable oils,

GENERALL

One of the miscellancous researches carried to practical
ccmpletion this year was the development of an emergency cory
trensmitter. The work was started during 1948 by Mr. Ellis and
could nct be completed before he took up his graduate studies.
During the past summer Mr, Whitely, under the dirscticn of Prof.
G.H. Burchill hes developed a battery powered dery transmitter
with a range of about 2 mliles, which eppears to be satisfectory.
The equipment 1lg being redeslgned so that it can be pockaged
in a contoiner of the same size as the dory emergency rations.
Prof. Burchill, with the assistance of one of the studsnts, 1s
2lso uncertaking to develop & mark buoy with the somewhzt longer
range of 10-15 miles that can be used to merk bodlss of fish,
enabling the boat to be navigated to the area irrespective of
visibility. We wish to take this opportunity to express our
thanks to Prof. Burchill for his assistance.

One of the most important functicns of this station is
the meintainonce of proper contacts and relaticnships with the
trade, with governments, snd with similar research crgocnizations,

Vle believe that our best contact with the tr:ds is the
direct. contact mace by the Director and the staff., When I took
over the direction of the labcratory practically the cnly direct
contact with the industry was through the Director. I hzve meade
every effcrt to widen this contact, and now practically the wheole

'staff of the laburatory is known to and used by the industry.
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It will be possiﬁle here to refer only to a small number
of successful installations macds by the Industry acting on the
advice and with some technical assistance from the staff, Our
work on vessel refrigeration has been accepted by the industry,
Our refrigeration engineering branch is working with producers
In the design c¢f fish holds for new vessels., Of the 15 lerger .
fresh fish processiné plants iIn Nova Scotia 3 have been entirely
redesigned an¢ rebuilt from flow sheets drawn up by the
engineering staff, The part played by the laboratory in the
development of salt fish dryers and tunnel smokers has been
referred to in prevlious reports. During the past year we have
agsslstsd the trade In the trial shipment of pre-cooled fresh
flsh to the 1lnterior. e have assisted in the purificetion
ancd reccvery of fish liver oils,

L8 the statlon expands and as our fund of information
beccmes more valuable to the trade this field of work will expand.
This expansion is 1in line with the wishes of the Department.
Howevar, such work must be a product of the reseérch and not an
end 1in itsclf, Some work aimed at direct application to the
industry 1s of value to the research staff but unless care 1is
taken the research staff will be glven little opportunity to do
anything e¢lse. Hence, some years ago we décided to assign one
“englneer directly to fleld work. Witﬁ the enlarged field which
now incluces Newfoundland we have been forced to increase our
fleld staff and we now have two men engaged in this work; a third,
to be assigned direct to Newfoundland, will join our staff on

January 1st,1950. I believe that we will have to have encther man
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concerned directly with fish refrigeration, In our opinion it
1s the only way that we can do that work which the trace ars
demanding from us, and which they will continue to demand from
us, and keep our research staff at their eppointed tasks,

Our Progress Rsports sre assuming continuously greater
importance in the eyes ¢f the trade. Soms yenrs ego we rcceived
rsdu-.ts for informetion that had been supplied in recently
publ® hed Progress Reports. This sort of thing has a2lmost
=nti. .lv disappreared and our discussions with Processors indicate
that the Frogress Reports are well read,

buring the present year we heve written a number of radio
shorty to be inciuded in +the CBC Fishermens! Broadcasts. We have
no wzy of doternmining the value of theso shorts, and at least for’
the present we gusstion whether they are of much value.

Duning(the year we'wrote the preliminary script and
rlann>d @ maior v»art of the sequence of a moving picture proéuced
by the Necicnal Film Board fer the Department of Fisheries on ths
Produsticn of Beneless Codfish, While the cost of this type of
work -s high we believe that moving pictures can play a very
imporiant part in placing before the trade, and the public in
gensrel, information about the scientific side of fish processing,
and di!stribution. However, we wish to stress that thsse pictures
should fali very definitely Into two clesses (1) instructional
Plcturss te ve chown to the trade alone (2) documentary films that
w!ll increase the interest of the public in genersl in fish, and

bPcssitly indircetly influence fish consumption,
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Ls our Xist of publications shcw, the staff has
endeayoured as the work develobs to record their findings in
publicetions in scilentific journals. We have taken an actlve
parthin local scisntific organizations and in the Chemical
Institute of Cenada. e have endeavoured tc maintaln a very
close relationship with other ressarch organizaticns in the
Maritime area and elsewhere. e are gulding thesls problems
for students whc in the near future will graduate from Delhcusie
University, icacia University, Queens University and ths Nova
Scotia Technical Collsge. Ls was agreed approximately 2 years
arc, we are now giving a course in Bacteriology to Dalhousie
stufsnts who eare registered in the ccurse of Food Technologye
This work is interfering quite definitely with our research
programag, anc¢ while we bclieve that the step was necessgary
tc institute a course which should Ye¢ of value to those engaged
in. the fishing incdustry, Dalhousie University should have had
ampls time oy the time the course will be rcpeated te provide
its own teasching staff.

We wish to express our thanks to Prcf. Burchill of the
Nova Scotie Tcechnical College for his guidance and ascsistunce
in the development of a dory emergsncy transmitter, and for
his offer to assist in the development cf other ralio beacons
cf benefit to the industry. 4lso, we recordc our thenks to the
Nova Scotia Researéh Foundation for the services of Dr. Guttmsann,

who has done the bilo-assays on cod liver residucs.
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Plans have been finished, sand heve sone to the Central
Office for the addition to, and changes in the present building
which we hope Will'b? completed in the reasonably near future,
The size of o leboratory such as ours is limited by work space
and, when the noew building programme 1s completed the size of
the rescerch staff will be fixed for some years to ccmoc.
Therefore, a great dea; of thought has bsen given to the
orranization that will matntasin a steff of a sufflcient number
cf hi:h calibre genlor fesearch people and a ccrrect proportion
of junior peoplb. 4n army cannot exist of either sll isnerals
or all privates,

There 1s a very close’ werking relationship amony the
varlous maembers of the staff, and it is impcssible tc divide
our work into water-tight compartments. But for the purpose of
or_enlzation the research steff has been separated intoc 6
divisionss- |

(1) Bacteriolouy:- Our bactericlozicel studies will coancern

problems of fish preservation, and elso the beneficinl role of
microorganisms in certain fish cursed, such as lizht salted cogd
fish and Scotch cured herring,

(2) Biochemistrys- will be concernsd with studies of basic

congtitucnts cf fish and the biochemistry of fish presaervation,

such as fish freozing and frozen storeges

(3) the new division of Nutrition an?d Bv-products will be
concerned with fish as fooq, vitamins, proteins, essential fats,

amine acids, salts, etce. It will elsc have charge of the work
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on the utllization of fish and merine animels for either
nutritional or incdustrial purposes.,

(4) ™he d¢ivision of Marine 0Oils, organized twe yeers egc, will

concern 1tsclf with the physieal and crganic chemistry of merine
olls as concerns thelr industrial utilizetion., This work will
include studies in hydrosenction, polymerization, blowing,etc.

(56) The clvisicn of Physical Chemistry just belng orgenized,

will undertake studies of the physics ond physical chsmistry
of varlcus preserveticn processss, such as freezing, salting,
smoking, ctc,

(6) Our En:ineering Division will be concerncé with the

application of results of laboratory investigations in .eneral

to the processing; of fish, This sngineering division will be

“lvided intc 4 branches: Refrigeration, under charge of W.a.

MacCallum, Chemicsl, under charge of L.G. Ellis, Mechanical,

under churgc of M,4. foley and Field, under cherge of L.L. Woods
mach oI these divisicns or sub-divisi ns will be heaced
by a senior investiyator. The provision of skillful essistants
causes us considereble concern. The divisions of Boeturiolegy,
Biochemistry and Nutriticn can be staffed, at least to &
consicderable extont, with well trained, intelligent female
workers, Ths value of female worksrs in Marine Oils and
Physical Chemistry is somewhat ﬁoubtful. Wwe believe thot theseo
divisions will have to be staffed tc a great cxtent by junicr
temporary university éraduatas, ¢r perhaps bstter by studonts
working towards graduate degrees. Our junior enginecring staff

mist be of a scmewhat permencnt nature. Field enginecrs nust be
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permanent employees becsuse each wlll require a number of
years to make him entirely familiar with the division of fish
en: incoring. with which he will be primerily concerned, Ve
believe 1t will e possible to builld cur junior enginscring

staff with ycun; men, whe will wish to leern somethin; of

+

ny
m
|

enginesrin: research as it applies to fisheries, and that after

%

2 or 3 ysars with us these junicr pecple will be passad one

%

Lt the ond of this secticn is siven 2 list of the
present staff, The fnlluwlng ls the staff that, in cur cpinion,
ﬁill bz roquirsd to éarry cn properly ths research procrramme
cf the laucratory and for which adequets space arran;cements

can L2 nads in the new ovullding,

LDMINISTRATIVE STLFF

Supoarvising Clsrk W.D. Ccssaboum
Sten :grepher Grolfe I I.J. Rattray
Stentorepher Grade 11 P.C. Kinsman
Sten.arapher Gracde II 1. Kenney

RESZLRCE STLFF

BACTERICLOGY.

Senicr Bactoeri le;ist C.E. Castell
lssistant Breteri 1l::ist '~ N.C. Cuthbertsin
Lissistant Bactericlerlst D.C. Willoushby
Senicr Reseérch Agsistant D.,P. Smith
.22istant Technicinn Groede IT E.G. Mepplsbeck
Junior Lab,. 4ssistant Grade I1 M. Greenough

(Complete)



BIOCHEMISTRY

Biochsmist
Junlor Biochemist

Secnicr Research fisslstant

Ssesnlor Resecrch liasistant

Lissistant Techniciern

(Complete)

NUTRITION

Nutriticnist
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¥i.J. Dyer

M.E.J. MacKlllan
J.D. Duerr

J.7., Kestner

M.R. Douglas

P.L. Hoogland

3-4 Junicr assistants
1l technician

(Only Dr.,Hoogland cn staff at presont)

OIL CHELISTRY

Orzanic Chemist
Orgenic Chemist
Senior Resgenrch Lssistant

Senior Rescarch «.ssistant

Lsslstant Tschnician Gracde I

PHYSICLL CHIIIISTRY

Aassocliate Chemist

Physical Chomist

(Complete)

F..o Vandenheuvel
L. Guttmann

J.D. Nickérson
B.R. Hayes

R. St.C, Hiltz

J.R. Dingle
2-3 assistants

D+ Dic¥inson
2 asslstants

(Only Dr. Dingle on staff at prssent)
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ENGINEERING °

Ensineer

Assccicte

Lsguciate’
!

H

Associntoe
hssistant

assistant

Junior En;

Asslstant
488istaent
Lssistent

Lsslstant

2 techniciens to be appointed

&Znyineer
Chemical
=n; inger

En:lneer

Engineer

ineer

Enginesr

Engineer

Technician Grede III

Technician Grade 11

Engineer

hilia
Wehe
D.G,
M.A.
H.E.
F.H,
C.G.
W,

R‘P.

R.G.
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Woed
MacCallum
Ellis
PFoley
Power
Theskston
Oldershaw
Lngevine
Hunt

Edmonds

D, Casavechian

MAINTENANCE STLFF

Maintenancce Supsrintendent
’ Grade IV

Mainten&nce Superintendent
Gracde III

Cerctakesrs:

Careteker Grade IV

Caretaker

U,R. Demons

R.C. Palmer

J.D.

Grosat

To bs appointed



Staff of ths aAtlantic Fishsries

Experimental Station

1949

[lministrative

S . Boatty, ..., PhD., F.C.I.C.
W,0. Cossaboom

Miss M. Kcnnsy

Mrs. P.C. Kinsman

Miss S.J. MacGregor

Miss I.dJ. Rzttray

Scisntific

..TJQC. ."LHCGViI’l@, B.EI

Mrs. I.R. Erownles, Ii.Sc.

Cq}io Csst@ll, I‘ioS.i;-

N, Cuthb.r tson, MeSCo
J.R. Dinglec, Ph.D.

J.D. Dusrr, B.Sc. (.Lrts)
W.J. Dycr, l.Sc., PhoD., 1.C.I.C.

D.G. Ellis, B.Sc., M.C.I.C.

Dirsctor
Supervising Clerk

tenograpner Grads I1

wm

Stenographer Grade II

Stsnographer Grade 11
(to July 13,1949) .

Stenographsr Grade IT
(from Sept.15,1949)

Lssistant Enginesr

Junior Bacteriologist
(to August 1,1949)

Senior Bactcriologist

Asst. Bacteriologist
(from Octobsr 1,1949)

iassocliate Chemist
(from October 1,1949)

Sr, Research sLssistant
Biochsesmist

Lssocliate Chemist
(Educational Leave)
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(continusd)

i. Guttmen, Ph.D.

aiis

Miss

ilss

LWL,

Heyes, BaSc.

Hoogland, Ph.D.

MaecCallum, B.Sc.,B.E., M.Sc.
M.E.J. Maciiillen, B.Sc.
Nickerson, B.Sc.(Chomistry)
Oldcrshaw, B.2.

Powsr, B.E.

Recad, B.h., B.Sc,.
D.P. Smith, B.Sc,
Snow, BeSc., MeSce
Therkston, B.E.

Vendsnniuvcel, PheD.

Willoughby, HM.Sc.
Nedo Wilson, B.Sc,

\‘VOOd, B.SCQ’ BQE.

Lisscciate Engincer

On loan from Nova Scotia
Rescarch Foundation

Sr.
(from Junc

Resoearch Assistant
7,1949)

Nutritionist
(from Dzscember 15,1949)

Sr, Rescarch Lssistant
(from May 16,1949)

 Lssociate Encinser

Junior Chsmist
Sr. Rescarch f4Assistant
Junior Enginser

4ssistant Enginesr-

lLissoc.Chemical Enginecr
(to Lpril 1,1949)

Sr. Rescarch Lssistant
(from Octobor 1,1949)

Assistant Biochemist
(to September 8,1949)

sLesistant Enginesr
(from May 16,1949)

Chamist

Lsst. Bacteriologist
(from Octobar 14,1549)

Sr. Ressarch issistant
(to Sept. 1,1949)

Engineer



Staff (continued)

Technical
Miss S.J. Bendell Lab, Technician Grade I
(up to June 1,1949)
D. Casavechia Asst., Technician Grade II
Miss MR« Douglas Lsst. Techniclan Grade II
(from June 15,1949)
R.C. Edmoncs Asst. Technician Gracde 11
Miss M. Gresnough Jr. Lab. Assistant Grade II
(from July 1,1949)
R. St.C.. Eiltz Asst. Technician Grade I
' (from April 11,1949)
Miss E.G., Mapplsback Lsst. Techniclan Grade 11
(from July 4,1949)
R.C. Palmsr Lsst. Technician Grade IIIX
Hrs. B.M. Zwicker Lsst. Technician Grade I

(up to July 1,1949)

U.3. Delone Heintenance Supcerviscer
Grads IV

J.U. Groat Carctaker Grade IV






Appendix No. 1

STORAGE TSMPERATURE AND SPOIiAGE RATE

In the first appendix of last year's report it was shown that
as the storage tempefature reaches a range close to freezing,
the difference of a few degrees has a very significant effect
on the keeplng time of cod fillets.,

- During the current year these studies have been continued.
A large nurmber of tests have been made with fillets of cod and
haddock and a few tests have been made with whole gutted round
cod.

These accumulated results confirm the initial obsservationse.

It has been shown that the keeping time for the fish at 37°F can
be approximately doubled by reducing it to 31.5°F. That is, a
reduction of 5%°F (from 37° to 31.5°) adds to the keeping time the
samé amount as a reduction of 40°F (77° 50 37°) at the higher
range. Rssults which were obtained from a group of 6
boxes of rillcts representing a nofmal selection from the cutting

rooms of a local fish plant are shown in Table I.

TABLE T

The keoping time (up to a trimethyleminc value of 15)

for commarcial, untrsated flllets taken directly from

the cutting lines of a local fish plant.

STORAGE TENFIRATURE KEZPING TIMZA
31.5°F  (~0.3°C) 11 to 12 days
33° F (0.6°C) 6 to 8 days
37° F  (2,8°C) 5 to 6 days
45° F (7.2°C) 2 to 3 days
77° F (25°C) : 22 tc 30 hourc




Other tests
differences
The results

time at any

A2

were run with groups of fillets having pronounced

in their initial quality before going into storage.
from these tests show that, although the keeping

one temperature is determined by the initial contamin-
ation, a reduction in the storage temperature from 37° to 31.5°F

almost inveriably double the keeping time at 37°F (Table II).

TABLE TT1

The number of days rcquired for 7 lots of cod fillets to reach

(0.6°C) and 31.5°F (~0.3°C).,

2 trimethyleminec value of 15 when stored at 37°F (2.8°C), 33°F

These fish were purposely chosen

with a wide difference in their initial quality and arranged in

cod ,

|

T s ——— e — o o

decending order

LOT NO., DAYS AT 37°F

1 7%
2 5%
3 5

4 3%
5 3%
6 3

7 1%

DAYS AT 33°F

9%

By
2

= &= o
LN V]

DAYS AT 31.5°F
13
12

If the fish are in a reasongbly good condition to begin

the keeping tims.

"ith, even the rsduction from 33°F to 31,5°F adds several days to

Very similar results wers obtained with the gutted round

The significancc of these obssrvations when applied to

A fish in the boats at sea, in the fish plants, during transportation
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and in the wholssale and retail outlets, becomes very apparente.
It would also indicate how quickly sarly care of the fresh fish
could be counteracted by poorly controlled storage in the

wholzsale and retail stores.

C.H. Castell

Appendix No. 2

FURTHER STUDIES ON STORAGE TELFERATURE AND BACTERIAL ACTIVITY

The spoilage of fish by the natural mixed cultures at
different temperatures 1s a very complex affair. If we consider
the problem only in terms of trimethylamine oxide reduction, we
have ths following things to consider (1) the influence of
temperature on the growth of cells; (2) the influence of
tempersture on the activity of the enzymes; and (3) the influence
of temperature on similar cnzymss from orgenisms having different
temperature requirements for growth.

LAttsmpts have bsen made to study cach of these different
phases, although this work has not been confined wholly to the
raduction of the oxide. Some of the results are condenssd in the
following notess-

(1) Ps. putrefacicens is a psychrophilic organism isolated

fraquently from fr-sh fish; it grows readily at freezing temperature;

it reduces trimethylamine oxide, nitrate end nitrite snd it also
breaks down protevins. &n actlve culture of this organism was
inoculated into a 5 percent peptone solution and 1nto nutrient
solutions contsining nitrate, nitrite and trimethylamine oxide.
These wcre inenbated at 31.5°, 33°, 37°, 45°, 77°F, and periodic

tests were nade to determinc the cmount of chcmical change that
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occurred. Some of these data are given in Table TI.

TABLE 1

Rate of chemical changes brought sbout by Ps. putrefaciens

at differcnt temperatures in broth cultures

Chemical Change °F Time-Days
Temperature

50% reduction of nitrate 37°  (2.8°C) ' 7
33° (0,6°C) 11
31.5°(-0.3°C) 14

50% rsduction of 37° 11

trimethylamine oxide '
33° : 16
31.5° 18

504 reducte of nitrite e 6
45° 16
37° 34
33° 55
31.5° 78

25% broaklown »f poptone 77° 7
45° 24
37° 35
33° 65

31.5° | 90
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It is evident that, with the growing cultures under the
conditions that we{e used, the reduction of the oxide and the
nitrite were slightly less affected by reducing the temperature
from 37° to 31°F than the reduction of the nitrite, or the
breakdown of the peptone., But once again this reduction of 5%
degrees approximately doubles the time required to bring about

a given change 1n the substrate.

(2) The next set of tests was designed to determine the rate of
trimethylamine oxide reduction at 25°C and 2°C by stock cultures

of mesophilic bacteriza compared with cultures of Ps. putrefaciens

which grew readily at temperatures neer freezing. The oxide
broth was prepared using 0.5 percent oxide and pH.V.O. Table II
shows the results obtained.

(3) In the two preceeding tests the results wers obtained with
growing cultures in nutrient media. In this case we observe thse
effect of temperature on growth and snzymatic activity comblned.
In order to determine 1ts effect on the enzyme activity,apart
from c¢211 growth, some tests were made using mess inoculations of
resting cells in a substrate contalning oxide,sodium acetate, and
buffered at pH 7.1. These were made with cultures of E. coll,

fi,aerogsnes, S.marcsscens, P.vulgaris, Ps.putrefaciens, and

unidentifisd organisms from fish. Details of these results will
be glven later in the Board's Journal. In general they indicate
& reduction in enzyme activity as the temperature is reduced from
37°C down to -0,3°C. But even the cells of E. coli slowly reduced
the oxide at -0,3°C, which is bslow the growth range of this
organisme, Figure 1 shows the oxlde reduction-time curves for S

e
——

marcescens. Ps., putrefaciens was the only culture of those tested

where the oxide was reduced more slowly at 37° than at 25°C,
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The effect of temperature on the reduction of trimethylamine oxide

in a nutrient broth, by hine non-psychrophilic strains of

Entreobacteriaceae and nine psychrophilic cultures of Ps.

Name of Culture

Ser., marcescens
Prot. vulgaris
Esch. colil
Esch, coli

Asr, aerogscnes
Ler, acrogenes
Asr. cloaceae

hder. cloaceae

Ps. putrefarciens

putrefaciens

Mg, trimethylamlne per 100 ml of broth
2 days at 25° ¢ B8 days at 2°C 15 days at 2°C

52.2

7.6
35.2
53.6
30.5
46.0
40,0

45.0

2 days at

0.19
0.30
0.35
0.43
0.47
0.42
0.32
1.06

25°C 4 days at 2°C

0.2
0.4
0.6
1.2
7.3
9.3
13.2

10.6

8 days at 2°C

20.4
20,4
24,7
22,8
19.0
20.4
25.0
28.0
32,0

2845
2649
25.8
40.2
40,2
35.1
26,9
55.0

14.9

4643
3746
42,0
43,1
44,1
5546
3545
36.0

2343



Figure 1

Mg Tma /oo mb

Effect of temperature onl
rate of oxide reduction

resting cells

the
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of S. marckscens.

Table III shows the time reguired to produce either 10

or 2 mg. of trimethylamine from approximately similar weights

of resting ceolls at 5 different temperatures by six cultures.

Tvio voints are worth noting: first,

the difference in the rate

of ox’de reduction by the various cultures at any of the

tempsraturcs: those isolated from the fish are rmuch more active

than stock cultures.

Second, even with these psychrophilic

organisms from the fish, there was a considerable difference in

the rate of reduction when the temperature was reduced from 7.2°C

to apyroximately frcezing (-0.3°C).

(5)

Observations on the growth rate of psychrophillc bacteria,

isolsted from fish and grown in four different culture media,

have shown that lowsring the incubation temperaturc from 2.8°C

to -0.3°C -

from 25° to 2.8°C,

»:s4.:2.d mrowth to a groater extent than a reduction
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TABLE III

Hours regquired for apnroximétely similar weights of

resting ceils of 6 cultures to produce trimethylamine

at different temperatures

Culture Source 10 mg 10 mg 10 mg 2 mg 2 mg
at 37°C at 30°C at 25°C at 7.2° at

C -0.300

Achromobacter fish 2.1 2.5 omitted 4,2 9.0
176

Ps. putrefaciens fish 9.0 omitted 6.3 5.1 15.5
Ser.marcescens fish 35 4,3 7.0 4,5 15,0
Zsch. coli stocks 13.0 18.0 35,0 20.0 29.0
Ler.2ceroganes stocks 20.0 29.0 42.0 19,0 33,0
Prot. vulgaris stocks 14.2 2545 57.0 750 7540

Therefore, from these observations we can conclude that a
difference of a few degrees above freezing in the storage temperature

of ice 1s of importance because it inhibits the growth of many

[¢2]

pecies of bactaria; it retards the growth of the psychrophilic

2

(

pecies; and it reduces the activity of the enzyme systems that
the bacteria have already formed. We believe that next to the
prevention of gross contamination, strict attention to the storage
temperature is one of the most important factors in the production

of good quality fresh fish,
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With the publication of the papers gilving the detaills

of these tests, this work will cease, as far as the laboratory
15 concerned. Already the application of the data to commercial
practice 1s being undertaken by the refrigeration-engineers.
%e have yet to make a survey of the storage facilitles and
praectice of the wholesale and retall fish dealers in eastern and
central Canada.

C.H, Castell

J.M. Snow

Appendix No. 3

FACTORS AFFECTING THE REDUCTION OF OXIDE BY RESTING CELLS

During the past year further studies have been made on
the effect of various factors on the enzymatic reduction of
trimethylamine oxide.. This has been done using mass cultures of
"resting cells" as the source of the enzymes and standard
conditions throughout the whole series of tests. The results
have been recorded in the form of graphs of which there are far
too many to even record representative samples in this rsport.
In brief the results are as followsi-

(&) pH: The pH of the substrate has a very marked effect on
the rate of reaction. For some of the organisms tested the
enzyme had an optimum pH of 7.2-7.4, but for most of the fish
spoiling organisms the optimum pH was above 8.0. The activity
was rstarded as the pH was reduced below 7.0 and for some, but

not all cultures, when it was raised above 8,0, Below pH 6.0 the



L a—

reduction of the oxide was very much slower for all cultures.
(B) Salt: Increased salinity decreased the rate of oxlde
reduction.,

{¢) Temperature: With all the cultures tested, except Ps.

putrefaciens, the activity of the enzymes increased as the

temperature was raised from -0.3° to 37°C. The cells of Ps.

putrefociens reduced the oxide faster at 25° than at 37°C.

There appsared to be little if any correlation between the
temperature requirement for growth and the effect of temperature
on the rate of oxide reduction by resting cells. The oxide-
‘reducing organisms isolated from fish reduced the oxide much
mors vigorously than transfers from stock cultures. With
resting cells of these psychrophilic bacteria froh fish it was
observed that a rsduction from 7.2°C to -0.3°C more than doubled
the time required to produce a given amount of trimethylamine.
(E) Storage: If cells of bacteria are "harvested" and stored
thsy gredually lose their ability to reduce the oxide. The
highsr the storage tempserature the socner their activity is
Gimirishazd,

(F; Adaptation: Cultures of oxide-reducing bacteria were
continuvously transferred in pafallel on both solid and liquid
media with and withoﬁt cxide. Two things have been observed:
First, thet %the cultures continuously cultured in liquid medium
reduce the oxide much more rapidly than similar cultures grown

on the surface of agar slants. Second, that the addition of
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oxide to the liquid medium further enhances the rate of the
enzyme activity after continued transfers.

(¢) Nitrate and Nitrite: Both these substances interfere with

the reduction of the oxide by the resting cells, But thelr
rate of inhibition differs very mich with different species of
pacteria. The reduction of oxide by E. coli, for example, is
strongly retarded by both nitrite and nitrate, while other
unidentified organisms isolated from fish showed no change
from added nitrate and others considerably less change from
added nitrite.

In growing cultures, it Was found that most of the
organisms tested repidly reduced the nitrate but very slowly
reduced the nitrite and that at -0.3°C its reduction was almost
brought to a standstill even thbugh the bacterial cells
continugd to multiply.

. C.H. Castell
J.M. Snow
I. Brownlee

N.J. Wilson
£.G. Mapplebeck

A»pendix No. 4

THE MECHANISM OF NITRITE PRESERVATION UNDER NEUTRAL OR

ALKALINE CONDITIONS

It seems very probable that in acid solutions, nitrous
acid ions combine with the amino groups oOr other groups in the
proteins and destroy the enzyme activity. Under these conditions
the nitrite acts &s a2 bactericide as well as an enzyme inhibitor,
Under neutral or‘slightly alkaline conditions the bactericidal

properties di=appear, but the nitrite continues to inhibit the
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activity of certesin bacterial enzymes, and among these are thoss

ponsible -for the rsduction of trimsthylamine oxide. Ve have

3
(@
w0
! .

hson trylng to determine the mechanism of this latter reaction,
znd the work 1s still in progress.

Using a group of 5 culturses of bacteria, 211 of which
ceduce trimsthylamine oxide, but diffsr in their ebility to

»zduce nitrite and nitrs the lowin sts w m -
d nitrite and nitrste, the following test ere mads

—~
}_l
p g
g
]
ct
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:‘;‘
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h thesy reduced squimoler concentrations of
ium nitrite, sodium nitrate and trimsthylamine oxide when

32¢h of these compounds was added to a similar basic culture

(2) Pate at which they r:duced these compounds wnhen they were

ecded %o tho culture medium in pairs.

(3) Siriler tosts using resting cells in place of growing cultures.
These tests resvealed that for all these Crganisms the

rsduction cf nitrete was very much mors rapid than that of the

nitrite, With organisms ofvthe Colon-Asrogenes group, the nitrate

w22 roducea lactar than the trimethylamine oxide; but with csrtain

)

o

unicfintifis¢ fish-spoiling bacteria the reduction of -the oxide
%3 a5 fast or fastsr then the nitrate.
11sn these compounds were added hogether, 1t was fcund

that Tor the Colon-Azrogznes speciss, the nitrate was almost all
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Similarly, the nitrite had a very strong inhibiting |
sction on the reduction of the oxide by the Colon-Aerogenses group
(which are comparatively rapid nitrite reducers), but much less
effect on the organisms which very slowly reduce the nitrite,

It had besn previously observed by Dr. Dyer that nitrite
produced by ths reduction of nitrite in fish muscle had no
inhibiting action on oxide reduction. Although this was the
case with some fish-spoiling bacteria, it was not so with the

cultures of E. coll and A. asrogenes., #With these organisms

both the sodium nitrite that was initially added and the nitrite
formsed through the bacterial reduction of the nitrate stopped
the rsduction of the oxide. |

These observations would indicate that both the nitrate
and nitrite inhibit the oxide reduction by some sort of
competitive.action, but that the rssults differ with different
organisms. It would e,pcar that the ability of either nitrsate
or nitrite to inhibit oxide rcduction is at least partly associlated
with the rate at which the organisms rsduce the nitrate or nitrite.

It was found by Mr. Richards that nitrite also inhibited
the r:duction of certain sulphur containing compounds to form
hydrogen sulphide.

Miss Wilson found that the inhibition of oxide reduction
by nitrite was lesscned by the addition of certain reduced redox
indicators., Both these obssrvations suggest thdt the nitrite
may interfere with the dehydrogenase which releases the hydrogen
from the carbohydrate, rathsr than the reductase (trismmeoxidase)
which roduccs the oxide.

Bscause it 1s probable that the use of nitrites for fish

Preservation may be officially senctionsd in the near future and
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pecause wo balisve this to be the type of work that may lead to
¢ bstter understending of other methods of fish preservation,
the work will be continusd during the coming year.

C.H, Castell

Acpendix No. 5

EFFECT OF NITRITE ON PROTEOLYSIS

Although the evidsnce continued to point to the
conclusion that, under conditions that psrmit bacterial growth,
pitrite intsrferss mainly with the raspiratory enzymes, tests are
bsing made to ascsrtain its action on various hydrolases.

When 5 percent peptonc was used as the only source of
nutrients it was found that nitrite changed the shape of the growth

curves for Ps. putrefaciens, grown et various temperatures betwsen

0.3°C and 25°C., 1In evsry case it prolonged the lag phase, more
then doubled the moximum cell count, and straightencd out the

phase of decline. Biuret estimations wore carriedrout to determine
the ratec ot wnich the poptons was broken down in the prescnce and
sbscnes of nitritc. In every casc the number of days required to
tring about a 25 percent bresakdown of the reptone was increased

in the presence of the nitrits., 3ut when consideration was given
to the increcased lag phase for the initial becterial growth the
actual breckdovn of the psptone by corresponding numbers of
bacterial cells was epproximately the same in the prescnce and

toszsnce of nitritce.
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iiorec direct results were obtained by measuring the
proteolytid ectivity of resting cells of bacteria in gelatin at

7.,2° and 25°C., The organisms used were B. subtilis and Ps.

putrefecicens and the rate of dscomposition was followed by

meesuring the progresssive increase of the free amino acid content.
Prom the results obtained there wos nothing to indicate that the
nitrite had any sffect on the breskdown of the gelatin.,

J.F. Richards
J.l. Snow

Appendix No. 6

PENSTRLTION OF BACT=RIA THROUGH SKIN

The work of the prsvious summer has been continusd on
ths ratc of bacturial penstration through the skin and into the
muscle bensath., This yeer's work has consisted of making sectlions
and following the migration of the becteria by msans of direct
microsccpicel exsminatione

It has been shown thet the organisms readily penetrate
the syidsrmis end increase in the inner laysrs of the dermis and
outer muscle cslls. After four days storage at 7.2°C (subsequent
to their arrivel ot the fish plant) they are present in these
arsas to the cxtent of many hundred millicns per sq. Cie
Atteripts to mrke corresponding plete counts have shown that only
& smell fraction cen be estimnted by this method, compored to

those visiblc under the microscops.
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For some time, depending upon the temperature, the
bactsria do not penetrate into the deeper layers of the muscle,
put were most numerous in the connective tissue between the
outer muscle fibers and the 3 or 4 muscle layers directly under
the skin.

The mode of entrance through the skin remsins unknown,
but the theory that the skiln itself acts as a barrier to bacteria
secms without much foundation. Once- through to the cells beneath
the dermls their progrzss is slow and seems to consist of the
prcduction of enzymes which allow the cslls of the tissue to
separate, rather than by brsskdown of the cslls. There were
ebundant instances of bactsris in lerge numbers funnslling their
way bstween the separated cells.

These observations not only agree with those of Aschebourg
and Vesterhus (1947) on winter hzrring, and Schwartz and Zeissr
(1639) on various fresh end salt weter fish, but they gilve a
retional explanation to our cwn cbssrvations that the removal of
surface bacteric and by washing and mechenical means, and the
abplicotion of disenfectants to the surface of slime carried fish
edds 1ittls or nothing to the ksering time of round fish. These
trsetments aprerently dc not affect the bacteria immediately
bensath the skin. As washing and disenfecting may easily remove
WP To 80 percent of the surface bacteria it would indicate that
these heavily populated sub surfece areas rnay be mere important

in the development of spoilage than hos becn formerly considered,
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Lt first these observations might give the impression
thet our attempts to reduce the heavy contamination on fish
rillcts by thorcughly washing and desliming the round fish are
geing to be of limited velue. It must be realized, however, that
ths penetraticn of bacteria through the skin is limited by time
erd. temperature. If fish ere kept near the freezing point there
15 no significant penstration of bacteria through the skin for
at least 5 or 6 days. The tests recorded here were done with
fish that wsre several dayvs out of water at the start of the

sxperiment. In this connscticn it is important that we determine

+

the gsignificarce of the time and temperature of exposing the fish

n the deck of the vessel bafore icing them down in the hold.

(&)

It would seem thet this is still esnother reason for temperature
control of th: fish in the bests at sea,

In the immsdiate future it is hoped that we will be able
to take photcmicrographs cof a ssries of psrmanent mounted secticns

et have bsen prepared this summer,

Apvendix o. 7

LICTUZHCE OF CACTEZRIAL SPOILAGE OF COD ON PROTEIN DENATURATION

Preliminery to studying the effect of the initial guality
of fish on the changes in frozen storage, the influence of initial
qQuelity on the denaturation of the protein was studied.

Fresh cod fillsts were stored at 6°C and soluble protein
and o

70¢in descrmined as described previously. It is svident from

the results of a typical experiment (Table) that there is only
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a negligible decrease in the soluble protein and myosin extracted
by 5 percent sodium chloride at 0°C until significant proteolysis
reduces the protein content. After 10 days storage the soluble
protein nitrogen decreaces about 50 percent, while the myosin
decreases to about 20 percent of the total protein. The non-
myosin fraction is thus doubled. This indicates‘the extent of
proteolysis since the deccmposed protein would be measured by

the Biuret reagent as occuring with this fraction,

TABLE
Days Storage Trimethylsmine Protein liyosin as
at 6°C. mge N/100 g SPN . percent of
percent total protein
Initial 0.23 96 76
1 cay , .3 94 .80
2 days 2.6 95 70
5 days 66. 902 69
€ days 100. o2 69
7 days 100. 60 20

#e conclude that the protein extrection is not affected
by early spoilage. Previcusly wc have shown that a decreased
protein extraction results if the extractant solution is above
5°C. The sbove rssults, of course, do  not mean that the
Proteins ‘of spoiling fish will-not have &n increased susceptibility
to freszing denaturation.

W.J. Dyer
M. Douglas
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Appendix No. 8

THE EFFECT OF NATURALLY OCCURING MUSCLE CONSTITUENTS ON

PROTEIN EXTRACTION

Trimethylamine oxide and urea are two compounds which
occur widely in fish muscle. Urea has been shown to be a
significant factor 1n maintaining the osmotic pressure of body
fluids of marine fish. This has not been shown in the case of
trimsthylamine oxide, although some evldence exists favouring
this possibility.

The effect of these substances on protein extraction
was determined by extracting fresh cod muscle with various
sclutions of trimethylamine oxide and urea in water, as w2ll as
five percent sodium chloride. Soluble protein nitrogen and
myosin were determined colorimetrlically.

The results using urea as an extractant show 1little
variation from normal (Table I). In the absence of salt, the
water soluble fraction, and not the globulins were extracted.,
When used with five percent sodium chloride both fractions were
extracted, and the values obtained are not significantly
different from the normal values of 90 percent soluble protein
nitrogen and 64 percsnt myosin nitrogen. These results were
not unexpected since urea is a non-electrolyte and should there-

fore have no effect on the peptization of myosin.
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TABLE I

Extraction of Protein and Myosin by Urea

rH EZxtraction Solution Soluble Protein Myosin Nitrogen
Nitrogen (as (as percent of
percent of total total Protein
Protein Nitrogen) Nitrogen)

7.2 1% Urea 23,8 0

7.1 3% Urea 28.5 0

7.2 5% Urea : 23.8 0

7.2 10% Urea 23.8 0

6.9 5% NaCl + 1% Urea 75.6 52,0

7.0 5% NaCl + 3% Urea 64.0 _ 48,8

7.0 5% ¥aCl + 5% Urea 75.6 55,2

7.0 5% NaCl + 10% Urea 88.8 57 .6

The results using trimethylamine oxide as extractant
ere more difficult to interpret (Table II). Although the
values in the absence of salt agree with the normal values
for water extraction there appears to be a lessening in the
tmount extracted with increasing trimethylamine oxide
concenvtraticns. In the presence of five percent sodium
chleride the values are definitely lower than normal and
decrease with increasing trimethylemine oxide concentration.
This effect is not confined to the myosin fraction since when
the myosin nitrogen value is subtracted from the soluble
Protein nitrogen the resulting figures are less than the normal

twenty-rive percent value for the albumin fraction.
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TABLE I1

Extraction of Proteins and Myosin by Trimethylamine Oxide

oH Extracting Solution Soluble Protein Myosin
Nitrogen (as Nitrogen
Sodium Chloride Trimethylamine percent of total (as percent
percent Oxide protein Nitrogen) of total
percent protein
Nitrogen)
6.8 0 1 31,0 0]
6.4 0 3 23.9 0
6.4 0 5 19.9 0
6.4 0 10 19.9 0
6.5 5 1 - 55,0 40.2
643 5 3 40,1 28,5
6.4 5 5 32.2 19.9
6.5 5 10 19.9 4.4

This effect is not brought about by pH since this value
remains approximately constant regardless of concentration.
Une possible explanation is that the trimethylamine oxide forms
& non-peptizable complex with protein through its coordinate
Covalent oxygen linkage. The trimethylamine oxide is not ionized

2t pH 6,5 and probably does not form a salt with the protein at
this pH,

J«D. Duerr
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Appendix Ho. 9

VOLATILE ACIDITY AND SPOILAGE

The investigation into volatile acids produced during
fish spollage was carried out to determine the correlation
petween volatile acid production and the spoilage of fish
muscls. Cod and haddock fillets were chosen since ws know
that with unfrozen fillets the trimethylamine value is our
best indication of the stage of spoilage.

Sigurdsson (1947) followed volatile acidity and
trimethylamine production in herring, and showed that the
rise in volatile acids paralleled the increase in trimethylamine.
We have now extended this investigation to cod and haddock.

The use of trimethylamine as a spoilage test has definite
limitations when applied to canned or frozen fish and to fresh
fish of several varitles, and a more universal-criterion of
incipient spoilage 1is needed.

The method of Friedmann was used to follow volatile
acidity. This consisted in the steam distillation of the
volatile acids contained in a 10 gram sample of muscle mince
in 2 magnesium sulfate solution which is maintained at a
constant volume (30 mls.). Recovery of known amounts of acids
by this method was 98 percent of the theoreticel value,

“‘The average value of the initial volatlle acidity for
"fresh" cod fillets obtained freom e fish plant during the summer
was of the order of 18 ml, of 0,01 N, acid per 100 grams of
fish. This value rises to about 180 ml. when the trimethylamine

nitrogen is 44 mg. per 100 grams. The rise in volatile acidity



A23

parallels the trimethylemine nitrogen production in untreated

cod fillets and in fillets containing sodium nitrite, and in

paddock fi
7,2% and a

in the tab

llets. The investigation was carried out at 0°, at

t 25°C. Results of typical experiments are shown

les.

Voletile Acid and Trimsthylamine Production of

TABLE I

Untreated Cod Fillets

0°C 7.2°C 25°C
Age Vol.A. TMA Age Vol.A. TMA Age Vol.he.TMA. .
(days) (hours) (hours)
0 18.5 0.5 0 18 0.7 0 18,5 0.5
1 4245 1.4 7 15 0.6 4 18.1 0.5
2 17 ~- 18 19 1.5 9 373 1.26
3 31 4 28 14 1.0 12 27.5 1.7
4 39 3.7 48 62.5 6.3 16 6747 5.0
5 41 5.8 43 31 3.2 21 66 13.5
6 144 30.1 62 123 12.6 25 116 13.5
7 165 3445 85 145 44 31 185 27«6
45 760 -

* There was a very pronounced odor of hydrogen sulfide at this

point,

Vol, A, -- volatile acidity as ml. of 0.0l N. acld per

TMA,

100 grams of fish,

-~ trimsthylamine nitrogen as mg. per 100 grams

of fish,
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TABLE II

Volatile Acid and Trimethylamine Production in

Treated (nitrite) Cod Fillets at 0°¢

age (days) Vol. 4. TMA
0 28,5 0.9
1 19 0.8
2 26.5 0.5
6 46 2.9
7 58.5 2.3

Ne ™
w
W
[aV)
L]
H

From the results obtained it would appesr that
continuaticn of this work may well prove fruitful. A progranm
with the view of developing a more universal test for spoillage
bssed on volatile acid production might follow along the
following liness -~
(1) a comprshensive survey of the total volatile acidlty of
fishery products of economic significance, including those in
which the trimsthylemine value is not a satisfactory spollage
indicator.

(2) coupled with (1), thz determination of the component aclds.
Neish (1949) has modified a technique for the quantitative
determination of the volatile acids produced during 2, 5~
butanediol fermentations. This technique, that of partition
chromatography, was in part examined during the course of the
above investigation and it would appear that it could be applied
to the determination of the volatile acids produced during the

SPpollage of fish rmuscle. J.W. Kastner



This ics a continuation of the

-

work reported in Appendilx
¥Yo. 7 of the 19486 report. 1In all, the data nerein presented
reprasents the rssults of obssrvations ancd research made during
the pest summer in the ccurse of eight schooner trips and one
trewlsr trip. Un some trips Stat.on observsrs iced certain fish
pens 1in a mannsr thourht to be scientifically sound. The
remaincer ol tne pens were lced by the fishermen according to
sstablished custom. The comperative results of these icings are

riven ners as 1s cother i1nformat.on sathsred in the course of

many invsstigations macds during unloadings at tne docke.
The investiration egbozard schoon=2rs was concerned with

two typss of vessel: one in wiiich the hold was 1nsulated and not
refrizerated, thes other in which the hold was neither insulated
nm*rafrigeraﬁed. The cccempanyving cooling curves for ficsh iced
avoerd these vessels point out some of the sericus errors waich
ocevred in ths stcwepe of Tich during these trips.

Curve A shows the cooling rate of e fish situated at the

top of a pen in a fish hold poss in

[

S

n

well insuleted deciz, end

T3

bulthcads and back walls. This fish was buried in ice when
nitially stowzd and coolad rapidly at first, droppsd from about

Naliw! 2o - © . i 2
0°F to 35°F in aspproximately three hours. At the end of this

jex)
ct

time the ics had mslted from toe fish and ibs temperaturse vegzan

)
o

m
r L ] L

6]

+ ° . . - -
“0 rise, rosaching over 40°7 two duvs lat 3 type of cooling
> o S

hzs Leen gneountzr-d many ftimss. It is the rssult of nlacing fish

P00 clors to tho deckhusd to peirmit the layvint down of =
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gufficient thicknsss of ice at the time of original stowing.
yarm air which 1is present for at least five months of the year
at the top of & fish hold not artificiaslly refrigerated, melts
¢ thin laysr of ice veary quickly. If psriodic "topping off" or
‘reicing proves to bes too little and/or tco late, then adjacent
fish ars lost as were ths fish in this particular pen.

Curve B shows ths cocling rate of a fish next to the
pon beards in an uninsulated vzsssel. In this case the fish was
not iced acdzsquatecly decause it took almost 20 hours te bring it

Z,

down to 35°F e¢nd this was as cocl as the fish ever g0t

4

Curvss C and I show ths

]

cooling rates of fish stowed

¢

slong the back walls of the samsz psn. Fish C started to cool
rapidly, out within about three hours most if the ice was gonec.
It took almost a day for the fish to reach 34°F, By this time
ths ice was gonz completsly and the fish proceeded to warm up

to 40°F. Curve D shows the sams thing in a ruch mors prcnounced
form. The ics was gones within a coupls of hours. The fish nesver
sot down as low as 4Q°F,

Th

B
@

four curves show vary plainly that danger areas

w

are the bounding ends, top and bottom of the fish pen. The
worst location for spcilare, particularly in uninsuleted pens,
is along ths back walls, nsxt, under the deckhead, anc third,
next to the pen boards at the froent of the psen. Trimethylamine
determine tions cubseguently made showed all above san plos,cxcept

from the fish at location B, to be spoiled 2t time of landing.,
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The humsn factor is of grestest importance in the

o
e8]

stowage of fish at sza. Curv is &n average of the cooling
rates of a very large nuaber of fish stowsd in the cantrs of

ths pens from both insulatsd and unlnsulated holds. FPor ths
purpose of cooling fish in the centre of pons it does not mattsr
whsther either artificial rofrigeration or insulation or both
sre installsd evboard a vesssl. The quality of the icing job

is 211 important. Curve E indicares very poor icing. The fish

in the cecntre of the v

@]

n did not get down to temperature in less
than thres dovs. Ths curve 1s an average one and therefore in a
vory large number of cases ths fish in the centre of tne pen
cool ruch wmore slowly than this. Even by the time they reach
shore thoy never will have rsachsd 32°F in meny cases. This

points out that the stowage as it is now carried on wili not

brins in fish of con-iztontly pgood gual:ty, no matter now_the

ozt is cguippsd. At the prssent time the fish are stowed in

layers as such a&s fiftecn inchss thick and the trickle of ice
watsr throu h these layers 1s the only means by which they can
bs coolad. It is obvious from our rosults that this is entirely
too haphazard s procsdure, and that many of the fish pack
clesely togsthor, thus allewing littls or no ice watsr to rcach
adjecznt fish. Tho fact that sventuelly the fish (Curve E) did
25t down to 32°F indicatses that enough lcs was used.

It is obvious that if the fish and ice ars intimately
nixsd the fish must cool much more rapidly. Curve F shows the
cooling rate in & pzn wncrc this was done. Four fish so
investigatsd roachsd 32°F in sbout 7 hours, instead of in ebout

thres days. In this icing, layers of fish were rsstricted to

the dcoth of one fish, that is about three inches, About one and
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oné helf inchss of ice ssparated the laysrs of fish.

Frsvious discussions with fishing skippers about this
method of icinc has brought out the possibility of damags to the
fish by the ice due to a shifting as the vessel rolls. This was
not oksurved in the pen iced by this msthed. On the contrary,

to solidify s=o that thers could have bsen

iy
=
4]
ry
ct
5
OJ
(@)
[o})

the ice and
no movemont.
The ons trawler trip supported the wisdom of paying

perticular attcntion that the ice 2nd fish are laid dcwn in

intimatec contect. The best quality fish unloadsa from the trawler

wes, jucg<d by company inspcection and AJF.E.S. trimethylomine
dsterminations, teksn from the A.F.E.S. ic.d pen and these were
the first fisn ceught. Thare was cons sxucsption where a few bad
fizh wsre found in o trappsd peocket of ice watsr at the bottom
and back of thc fish pen nsxt to en insulsted wall. A full pen
of mors rccontly caught fish iced in customary fashion was
rsjectzd by company officials as spoiled.

The same trip yielded further informstion on icaing

tachniques, The crushcd ice used on the vossel had a large
froportion or uxccasively large chunks., It was impossibls,

therefore, for .ach layer of fish to be covsred witi: ice without
requiring the usc of much mors of the lattor than was roquired
for ths sctusl cooling job. Hencs in sddition to better icing,

1t woulc ap-.ar cheapsr tc usse fincly crushed ics eboard fishing

v

(]

ssels,

The effect of the lorge chunks of ice on fish appesrance
Wes obssrvsd., At the time of unloading, the fish from the well
iceg AJFVE.S, pen wers held compactly by the remsining ice. The

13 hed not indented or merked the sidss of the fish, possibly
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pacause the flosh haed rsmained firm as a result of the low
storags tamperaturs. On the other hand, large indsntations were

cpserved in ths sidcs of many of the fish taken from inadsquately

Practiczl information was obtained resgarding taz effect
of ensuring protecticn of the fishk at the top of the psns. he
le

£0 cr of fisn wes kept woell pslow the dsckhead to sllow ample

ke
<

i)

pace for icing and "topping off". The sxcessivs air tsmperatures

[45]

(45°F rccrésd nbove the AJF.Z.S. psn) for which the uninsulated
stsel deck wes mainly responsibls, cousced sufficient melting of
the top ico to cuuse the latter to crust cover in 2 mor. or less
rigid mat, This was r-movsd only with some cifficulty at the
tims of unleading. If this pen had not besn so well iced, the
top fish would heve boen exposed end would have spceiled. However,
for ths men who has to 4i:. out the top fish from the midst of a
mass of almost solid ice,}it appsars to ve a stiff price to pay
for good qu-lity fish., It is sugrssted thet this metting cen be
elixainatsd anc good fish landced if theso top fish could be well
iced bgnszeth sn ansulatsd deck where soms means is provided to
keep ~ slow movenment of cold eir between the top fish andé the
deckhsad,
A ccrmporison of prossnt icing technique adoptcd on

schoonsrs and trawlsrs is worthy of note. Five to six men are

‘vailable for work in th. schoconsr hold for the transfsr, stowafc

N -

icing cf fish which come to them alrsary sortod. Ons man

O,

an
alone mny b roguired to do all of this work on a trawler and at
the same tims attend to sorting. As 2 rosult hs works practically

unspelled., It is only natural to sxpect that he has little time
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left to take on the extre work which would bs squirea if a
more comprehansive vrcgram of he indicing were instigated.

The rssults of our work can be sumrarized as follcwss- -
(1) Fish 1ced in laysrs of =2 foct or mors in thickness in any
yegsesl, insulated or non-insulatsd, cennot be cooled rapidly
snouch to prsvent spoilnge during s normal trip at sea.
(2) The intimate mizing of ics znd fish in ths hold procuced
very rapid cooling; the fish rsach the tenperature of the ics in
gbout 7 hours. Trimothylamine determinetions supported visuzl
inspsction =5 to ths sxcellent quality of fish landsd from pens
so iczd.
(3) Particularly in uninsulntzd vissels, but sven in 1insuletsd

v

[¢7]

szlz, the icz tosnds to Cisap._cer from the back of the pens
end the fish mry werm up. There will always be a risk of bad

fish 2long ths back wzll both inuninsulated and nan-refrigeratsd

(‘

véssels, Thi

n

incicates the need for srtificial refrigeration

in this region of tho vusscl.

(4) Artifici-1 refrigeration of the spacs betwsen the top fish

In the psn rnd the diclkherd ie resquired tc prsvent mslting and
Subssquent solidify of the deep laysr of crushed ice which should
25 stowed in this rogion. It would slso prolong ths storase life

ish in thie ecros if through ons circumstance or another icing

(8) Fien should not be stowed close enough to the deckhesd to
frevont the proper icing of the top of the pens. Fish in this

Peglon heve normelly sbout as poor o temperature condition as

o

-

the figh along ths brck well, Provision of about riftosn inches

tlaar space betwesen top fish =2nd the deckhced should pormit

o’
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propur icing e=nd "topping off",
(6) Thers is a2 need for srtificial refrigsration of the &ir in
ths csentral pert of the hold to eliminate wastege of the ice
stowsd with ths fish n »xt te the psn boards.
(7) Fins crushed ics chould be used in crdsr to promnote rapid
cuoling ~nd to reduce the cusntity of ics rsquirsd.
(6) Decks, ond bulkhsads and psn back walls should bs well
insulatsd,.
(¢) In ths case ¢f the travisr, & nors libsrsl ellotmsnt of
moenpowsr te the hichly important job of stowing fish scems
worranted.

Jbservations ppear to indicnte that the practicel
spprosch tc the problsm of fish <towage is to considsr the
insulation ondé artificial rsfrigeration of vesscls as impsrative.
Jith this 2s = foundntion, an attompt should be mads to imporve

lcing mcthods to a degrec wnl

0

n can be ceopsed with on beerd shipe.

Ons su..usted aporoach is ths instaliation of a mschanical

L

f—a

ce crucher and slingsr in the hold of a vsessel as an sxperimental
erojoct.  Thooos meachines hiave many important applications cchore
ipl

whore t sy ¢rs used to lcs procducts in lccations inacces to

(/J

O]

icinz by hend., ith this in mind, w: erc now investigaving
aveilsbl: 2izes, costs ond (slivery, of a machine of & size

nsarest to our sstimntsd roguiremsnts. It 1s sxpected thot some
rsduction in size of cvailable mochinss mey have to be nnde by
cur stoff, Furthsrnore, & ctuldy of rschnicue and epplication

ol
C

Docrd ship vill be roguiredé. The choics of =2 suitavl. power

supply is nlso nocassery. 1t i1s hoped thnat ths pienecr work can
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be started in our laboratory and then tne chosen epparatus can
pe transferred to a vessel., Instzllation sbosrd o trawler
would kave the adventage that ths scientific study of results
should be simplifizd if ws are dealing with fash kncwn toc deo
still kicking when stowsd,

A sclution to the problem of fish stowace which can be
accsptable te the fisherman, the sharcholdsr anc ths seisntist

~

must b3 found; otherwisc complste success will not hevs bosn

~

achisvsd. The study is of such mcgnitude an

-

L g oo many
influsncing fectors, both natural and men nace, that quick

rzsults are not anticipated. Tns farst scagson's investigpnoion,

=
]
o
jny
3

¥ #£3t under way auring the werm nonths of 1950 will

reqguirs ths szsrvices of at least two investigators praparcd tc
rentcin 2t sea with their ships. They must bs pruparsd to
investigete all roasoneble angles and o alrcct a compl:zte
icing profpram nboard A vesssl wvhaen this Io rsquirsc,

Waebhe titcCallum

G.7. Coois

R, Wilsorn

C.sy OlCersnsw

deoe Zer

HeBd. birciinllen

Appoencix Mo, 11

B2 STOJACE UF PISF AT 324 - TER R.COWD CO0 Ty "LILA 1.50U 1018

time of frosh fish of the refrigoercotion installiation on ths
fishing schooner "Lils B. Boutilier™ did not matorielizs as
Plennsd for the summar of 1948, Only one trip was aads aconrd

this veosgsl.,
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During the cne trip investigatsd, the total period of
compresscer oporation was A small fraction cnly of the total time

m

spent 2t sesa. The unit was not cperatsd at all during the
trips from port to the Banks and return to pert. It was used
sparingly during fishing opsrations, and then on "Manual' rather

then on "Autonatic!

centrol. IJIcing up of evepcrator coils was
sxperisncsd on occasion. Our obssrvsrs log shows the enginesr
te o2 2t fault in his opsrating procedure which accounts for the
icing. In ths lattsr's defence he csssrts that this tschnique
is forc3d on him as a rusult of insufficient gsnerating capecity
previdsd In the unit's desizne

As 1in tho trip aboard cther schoonars dsscribed in
Aopendix No. 10, ocur obscrver iced ons pen according to the
AF.Z.5. plan, and recorded tempernture rsedings of the fish
tarcughout the trip. He tock parellsl readings in sn adjscent

8 a3scribed by the crswe The ccoling curves

pass ]

pen wrich was iced

obteinesd fall into two distinct groups, one group for the fish

v:ich cotlsa rapidly in ths AJF.2.8. iced pen, the othsr for the
fish 1csd by the crew aré which nevsr cocled cropsrly.
m.

Irimsthylening determinoticns indicated that gll fish samples
frem both pens ware of good cuslity. In the case of the crew

iC3d pen this could heaeve been due Lo

(1) the fect thet the fish w Futted imiediantely
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“fter reaching the schocner,

provided by the evaporator coils for & short

(3) tha shortnczs of the time which sla;s=d bestwesn the s ooving

°f the fish rnd their uanleonadinz at pert (lsess then two days).
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Apart from the fact that it was demonstrated again that
intimate mixing of fish and ice is a guarantee of quickly
cocled fish, nothing concrete cen be found from a study of this
trip. As & result we ere not yet in a position to say sxactly
what bonefits have accrusd from thé installation on the
"Boutilier" over say the simple job of insulating the hold of
the schooner "Theresa E. Conror". The intensive study in icing
mede on the insulated "Theresa E. Connor' ahd on the uninsulated
schooner "Mar jorie end Dorothy", reported in Appendix 10 does
indicate the necessity of 2 measure of artificial refrigeration.
thethesr we are getting this in the quantity and in fhe places
required from the installation on the "Boutilier" still remalns
tc bs answered,

Information based on practical results, rather than
sclentific determinations, indicate, however, that the overall
picture of the quality of fish landed by the "Boutilier" has
improved tremsndously. This is based on company rsports to
this station. This vessel, which in pre-installation days wes
tredited with cnz of the poorest.records for quality fish is now
redited with the highest record by the same judges. We have
been epproachsd by the company and captein within the past few
months regarding the installation of an-artificial refrigeration
it on the "Boutilier's" sister ship, the "Theresa E. Connor",
We were, in fact, urged to supply a design for this schooner.,
The view was taken at that time, however, that we could not
Fécon .end certain foatures incorporated in the "Boutilier'sg"

design until it was shown to our satisfection that their adoption
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would assist the "Connor" in bringing in bettdr Fish, assuring
the crew on the "Conror" were doing their utmost to ice their
cish propsrly. For this reason the icing anvestigation,repcrted
in Appsndix 10,was conducted on the ”Connor"‘to daotormine the
neximum ability of the vesssl to bring in good fish as she is
fitted out pressntly. In our judgment the investigation of the
igonnor's" catches indicated that a measure of artificial
refrigeration aboard that vessel would be of decided advantage.
Hewsver, as shecwn earlier, ws did not then, and still do not
Imow with ebsclute certainty, whsther the system installed cn
the "Boutilisr" would bs ths logical choice. There.are indecd

ssvsral faaturcs of this first design which it is thought could

[
w

changed tc incrsase the usefulness and efficiency of the

b=
9

nstalleticns. No rscommendations have been given therefors

0

esgarding & unit for the "Conner" pending a study of the
LA DN

Zoutilicr's" psrformance rscord.

Should we ccntinue to mcet with difficulties in

o,

ccnqueting cur ihvastigation on the "Boutilisr" it may be
“dvisablc that we rsturn te loboratory investigation and
Sxperiment with the cooling of fish in a limited number of pens
triated exectly the same and locatod in the same environment
iniwn to be found on the “"Boutilicr". After this, we could altsr
the trsatment as dictated by expsrience already obtained abe-~ré

B
i

t

[63]

"Boutilisr" keeping the cnvironment ths seme. Lestly, ths
‘nvironmsnt could be eltered, while maintaining original treatment,
As refricsration facilities for such a projeét are precently
2vailablc we should be able to proceed with little additional

3Xp

Psnse othor than scme loss in the fish required for the expsriment,

.
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It is significant that ths results of this work which
res pionsered in Canada by thé Fisheriss Research Board of Cantda
is now boing incorporgted into the design for a new class :f
trawlors to be built by a large Canadian company. We have becn
nost happy to co-operate with the Americén firm of architects
rsteincd Dy the compané in their sxamination and resclution of
the problem. The urgency with which menagement is requesting
infermation bssed on practical sxpsrience concsrning all phases
of the refrigceratsd hold and ice stowage problem makss this work
sppeer morc important then ever and should indicate the necessity

or pursuing the additional investigations proposed above.

L)

WA, MacCallum
G.H. Ccok

Appendix No. 12

TROUND FISH .WASHER

Work on ths washing of round fish for the removal of
bacteria from the gut cavity and surfaces, has been progressing
for some time (Annual Reports 1946, 1947 and 1548).

At orssent the fish goes tc the filleting tables unwashed
ond the surfecs slims with its high bacterial count is
insdvertently rubbed off cn the cutting boards and allied
squipmcnt, hence spoilage is given added impetus from the start.
It hes besn the aim of the staticn to rid the fish of this
Mmtaria-baaring slime before actual processing begins and so
rsduce the incidence of contamination throughout the plant. A
fish woshar is to be the first step in the "Fresh Fish Production
Lne" currently being developed by the station.

This "Round Fish ashsr' is the latest of a series of
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machines developed during the past three years (Annual Reports
1946,1947 and 1948). The first ones (Annual Repcrts 1946 and 1947)
were of the cylindrical screen type in which the fish were tumbled
snd scraped against the screen, so removing the slime which was
removed by a water spray. It worked well during pfeliminary
trials but was not satisfactory when loaded to capaci£y.' The
next washers employed a chain convsyor with attached clamps to
pull the fish through a seriss of rubber scrubbers or flappers
to remove the slime which was carried off by means of a water
spray (Annual Report 1648). This>type wesher did not handle
enough fish, mainly because of clamping difficulties; it did not
penetrate the gut cavity and was rather complicated mechanicallye.

Simplicity and ease of maintainance were the gulding
principles in the devselopment of the latest washer. It uses a
medification of the same type scrubbers as in the previous washers
tocether with the water spray to aild in desliming and to carry:
it off. Gravity is utilized rather than the chain conveyor to
move the fish through the machine.

The washer consists essentially of an aluminum alloy
¢ylinder rotating in the opposits direction to an aluminum alloy
hexagon which carriss the desliming mechanism, the scrubbers or
flappers (Plate I). These two members are so positioned and
rotated, the scrubbers at 350 R.P.M. and the roller at 35 R.P.M.
as to support the fish and produce a turning mement on 1t which
2liows 21l surfaces and the gut cavity to be clecned by the
scrubbers., A sloped aluminum plete guide board (Plate I) is
fitted the lzngth of the rollers to stop the fish from being
flipped away from the scrubbers., The whole arrangement is sloped

8bout 1 inch to the foot which gives\a rate of travel, through the
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washer, of from 10 to 15 seconds dependiﬁg on the size and
condltlon of the fish, -

The complete washer con31sts of two sets of scrubbers
and rollers mounted side by side so as to glve a washing rate of
sbout 2 to 5 seconds, with an average of six fish in the washer
at a time., It is fitted with loading andldischarge chutes to
facilitate handling, a cover to reduce flying spray and a
trough to remove slime and water

The washer 1s constructed entirely of corrosion resistant
aluminum alloy, tﬁe frame being of channel covered with 1/4 inch
plate and 0,040 inch sheet. The rollers and scrubbers are cast
aluminum made up in 2 foot sections, and joined to give a total
length of about 8 feet, The scrubber castings are hexagonal
and carry 6 1aminated rubber flappers. The roller castings are
fitted with 3" x 2" x 8 feet aluminum angles spaced equally
about its psriphery. The scrubbers and rcllers are carried on
a stssl shaft with besarings at the centre and ends. All bolts
are cadmiun plated to keep corrosion to a minimum. The washer
occuplies a floor space of about 55 squarc fcet, being aporoximately
13 ft., long and 4 ft. wide. At present the drive is carried
on One.end of the machine itself, but may be movsd overhead in
actual plant opera:lon.

Test runs on this type washer have given consistzntly
cood results in that bacterial counts were reduced by about 99%
and there is rcason to suppose that this can be meintained in
commercial operation. It is proposed to péss the washed fish
through a chlorine solution spray to rid the fish of part of
the remaining bacteria.

Modifications in the drive mechanism mey be undertaken
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in the future but othsrwise the washer 1is ready for trials on &
commercial scale. The policy of the station is to install =
ippresh Fish Production Line!" as 2 whole so nelther the washer or
eny other single plece of equipment will be put into commercial
qwration before that time,the reason being that no =single machine
or practice can improve the quality greatly,the problem being one
of gensral improvement throughout the proccessing chein.

C.. Castell M.4. Foley
H.BE. Power C.G. Oldershaw

Appandix No.1l3
SEMI AUTOMATIC FILLETING

For scme time now the station has attemptsd fo develop o
methed of filleting cod, haddock,eand meckerel by mechanical methods.
The advantages of mechanical methcds of filleting over manual
methods are numerous. The most important of these is that the
cutting of the fish will teke place under more sanitary conditlons,
as the machine will have to be built of non-corrosive metal which
will be continually weshed with a disinfectant. There will be no
"build up” of slime and boacteria as thsre 1s now on the present
wooden cutting boards of the fillsting table. If the fish flesh is
sterile when it enters the machine the flllets will be much less
contaminated. Other cdvantazes of the mechanical msthod might be
lowsr production costs and smaller spaceé requirements,both of
wnich would bs welcome by the fish processing industry.

The first attempt at mechanical fillsting of the larger
fish was made by W.H. Bowes after extensive study of herring fillect-
Ing methods and menual m-sthods of fillsting cod and other large
fish, The machine which he built was a larger version of the

- Common herring filleting machine, It consisted of two circular
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inives mounted side by side about one-half inch apart and a

stal trough to feed the fish tall first and beslly up into the
turning bleades. (See Figure 1). Ths test of this machine did

not prove too satisfactory as it was impossible to fesd the fish
into it properly, the tall could not be mede to enter between

the blades. Also the fish were thrown from the machine at a very
high velocity. f

/

/ ) |
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A second rcchine was a modification of the above fitted
¥ith guides to guide the tail of the fish between the notching
bledss, These guides‘did not work satisfactorily. A third machine
“2s built with the feed trough horizontal, end a pair of gulding
rollers powsred by a motor used along with sﬁring guides, to feed
fish, tail first and belly up into the two parallel blades. This

froved better. The two sides of the fish were split away cleanly
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from the backbone, however too much flesh was left on the back-
pone at the tail end and if blades were a2djusted to remove this
the blades cut into the backbone at the head end. In an effort
toremedy this two sets of blades were mounted on the machine as
shown in IMigure 2, but they were not successful due to 2 tendancy
of the fish to turn as it went through the blades. A similar
machine weas constructediusing smaller blades. Howevpr, this was

rot the cure as the fish still turned in the machine,

S

/

{1
d

>

G L dee
It was decided that the solution of this problem would
require more time and effort than we are able to devote to it at
Present, In view of this, furthsr work on this machine is being
Postponed until greater effort can be allotted to the problem.
The problem is by no maans insoluble and much valuable knowledge
has been cained from work with the above machines.

HE.E. Power
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Lppendix No., 14

PRE-SHIPIIENT CHILLING.OF FRESH FISH

Certain 1nvestigations have besen cerrisd out to determine

{the most effective and commercially practicable method of routing

;andrefrigerating the frssh fish fillst from the time it leaves

the filleter until it is ready for transportation tc our North

|inerican inland centres. The trade has exerted considerable effort
i lto evolve a handling technique to ensure & maximum kesping time

|for fresh fish. #hile soms of the msans adopted have becen novel,

end some more or less successful, none appsar commercislly sound

H{for lerge scale fresh fish production.

e propose to discuss those msthods which we have been

%cﬂled upon by the trade to investigate, snd to give the preliminary
|results of work carried on at our Atlantic Tschnolozical Station

|in an effort to provide an m swer to soms of the existing problems.,.

A, Chilling by Immcrsion

Those using this method combinsd with ice cooling at a

|later stage expazct that in & dual purpose bath through which the

fillets pass upon leaving the filletsr, temperatures will be

rsduced materially while the fish are being tresatsd. Investigation

|tes shown ths following to be true.
|1 Due to ths danger of freezing the bath, o tempsrature of dip
|below 32°F cannot be obtained. Thus extremsly rapid chilling of

Ifﬂlets to 32°F 1s not possible.
|2,

Remote cooling of the bath may result in a waste of refrigeration

1% to poor design which permits warming up of the liquid before it

]7s2ches the treatment tanks.,
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The following ars typical cbssrvations made OF
temperafures at the various stages between filleter and final
icinge
TABLE I
Sesason Temp.Fish Fillet Temp. Temp.Fish Termp. Blapsed
_ Before Bath Bath Pillet Fish Time
leaving when
Beath packed
| 22r1y spring 35.6°F  45°F — 41°F 20 min.
;' Farly spring 32.5°F 41°F 34°F 39°F 20 min.
Early autumn 42.5°F 47°F 43,5°F -- 10 min,
farly sutumn 39.5°F 46,7°F 39.7°F - 10 min.
‘ Zerly autumn 43.,0°F 47°F 43,8°F - 10 min.
| Zerly autumn 45,7°F 47°g 46.5°F 48.2°F 8 min.

In all caeses the fillets were belng warmsd, rather than

cooled,

What possibilities are therc for the success of the

| immersion method providing an efficient design were provided? To
; “nswer this question ws have developed a scries of cooling curves
| determinsd oxperime ntally for each of thrse weights of fillets.

f| "2ch series consists of threo curves, each of which is for a

3 becific temperature differencs be tween cooling liquid and fish

| {1115t 2t the time of immersion. By using the scrics of curves
}&Rﬂying to that size fillet, the time requirsd for the fillet to
¢l through a desired temperaturc renge may bs estimated. For
feﬁmmle, sSuppose we cpuld be setisfied with a pro@uct chilled to
%55%3 the 2 1b, fillet recorded last in Table I would heve to be
;iWMPsbd for overe 2— minutes , whilc smallsr 13 oz, qnd 10 oz,

;fnlﬁts would be reduced in temperature by equal smounts in 1 1/4
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minutes &nd 65 seconds respectively., The first two requirements
are out of line in that treatment at accepted concentrestions is
not recommended for these periods.,

All threé requiremsnts are out of line in that:-
(1) the physical length of immersion tanks would have to be
extended three and four timss over present lengths (a reduction
in the speed of belt travel through the tanks in order that
presently used tanks could be retainsd would not be pocssible
without a correspondiing reduction in preduction rate which would
not ba acceptable).
(2) a multiplicity of tanks and hencs cutting lines -would be
required 1if all sizes of fil:ets and all temperatures of fillets
at time of immersion were to be tsken into account.
(3) the refrigerationArequirements for such tenks would be very
high. This in itself mlght be justified if fillsts could be
packed quickly enough to prevent an appreciable subsequent
temperaturs rise. Table I shows that the shortest elapsed time
from bath to icing or cooler was 8 minutes. It sppears
improbable that this will be reduced much more. The temperature
rise in the fillet during this interval wes 1.7°F., &4 rise of
5°F over a 20 minute interval is ncted fcr No.2 fillet in Table
I. Inevitable production delays can always be counted upon to
Produce similar situations. This results in & 38°F fillet
Providing the latter left the bath at 33°F, This tsmperature,
translated in terms of time, labour and cost required to gain
veck these prscious few degrecs DY subsequonﬁ refrigeration
ladicntes a westage of original cooling. The whole study indeed
¥ould appear to indicmte that the proper tims end place to apply

refrigeration is immediatcely after pockaging is completed.
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B, Chilling by Ice

llost producers, whether or not users of the refrigerated
peth, use ice as the refrigerant subsequant to packaging. 1Ice
for stowing end for transport has one great advantage, theat 1s,
dspendabllity. There are sevaral reasons, however, why other
techniques for chilling fish are recsiving attsntion.

i l. Ice ccols fish slowly

Fillets packed in wooden boxes may be pecksd as a body in
lerger cases along with a quantity of ice, and chipped by
refrigerated freight immsdiately, or in indivicual boxes may be
{ 2216 in a 32°F holding rcom. Demend governs procedure. The net
| result i1s 2 slowly cooled prcduct (Note Nc.1l07 -No.45 Progress
Reports of the Atlantic Cozst Steticns). The last fish recorded
1 in Table I will be cooled to 32°F in a little more than two days
efter being iced. During the first day and a quarter of this time
the fish will never be below 37°F, Castdll (Report of the
ktlantic Fisheries Experimental Station- 1948) has shown that
wtreated lightly conteminated fillects begin to spcil after four
é Geys vwhen storsd at 37°F., On the other hand a storage temperature
of 31.5°F will prolong the keeping time of the above fillet to 10
or 11 days. Melting ice is incapable of cooling this low or better
$t111 to around 30.5°F st which témpsrature fish start to frecze,

2. Restriction in use

The construction of Cancdian Railwey Refrigerator cars is

“Wch that mslting ice from iced and boxed fish is no problem.

n
1

‘twever, this is not true for all refrigerated truck transport.

: Ths tendency is for truck transpert in Horth 4merica to go to

| "“Chanically onsrated compression systems, cor to sccondary
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refrigerant principles involving few moving parts. These trucks
ere considered to be fairly foolproof holding rooms on wheels.
Essentially, they are to carry frozen products or chilled
products, not products in the process of being coolsd by ice.

_Airﬂpransport of fish, economically possible for the more
expensive seéfoods, also precludes the use of ice.

“~

3. Production problems

The great diversity of products from most of the fresh
end “rozen fish plants 1s such that packing and shipment of a
proportion of fish in ice has not extended~plant resourcss to the
pcint where the task canrot be accomplished., Neceséarily, this
will nct be true in the future should the expected great increase
of fresh fish éales materialize., The problems of space reqﬁire-
ments end handling costs may then be such that alternative
refriperetion facilitiss will be rsquired.

4, Transportation costs

Fresh fish ere shipped in refrigsrated carlcad lots on
the basis cf net weight plus an estimated percentage for icing
and packing. This percentage could be greatly reduced if chilled

fillsts were shipped without ice in the cases.

(. Chilling by Artificial Refrigeration

The preliminary to this work is noted in 4ppendix No., 13
of the Annusl Report of the Atlantic Fishsries Expsrimental Station,
1948 end in Note No. 107, No. 45 Preogress Reports of the Atlantic
Stations, The use of metal fillet boxes in placé of wood, the
thilling of each box separately in a blast of cold air, and

finelly the packing of these boxes tightly together in a
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conveniently sized outer box without the eddition of ice, and
finelly the shipment of the refrigérated fish by refrigerated‘
truck and rail facilities holds attractive possibilities. HMuch
of the ground work for the development of required technique hes
elready been done at this station., The development of a large
air blast freezer described in detail in Appendix No. 10 has
been carried cut with this important épplication in mind. Valuedi
information regarding control conditions, production rates, truck
construction, end truck movement has already been obtained through
the use of this unit and should be transfersble directly to full
scele commercizl production.

How does this method of cboling compare in speed with
others investipated?

Assuming equivsalent initial end final temperatures, the

following representative results have been obtained.

TABLE II

(hilling Kethod Nature of Pack Time in Assoclated
’ Blast Temperatures
of Cooling
" Medium
Lir Blast 20 pound metal 40 min. Lir blast
container of fillsts at -42°F
(4" thick)
Lir Blast 20 pound metal 65 min, Air blast
container of fillets at -10°F
(4" thick)
Air Blast 20 pound metel 35 min. Air blast
conteiner of fillets at -10°F
(3 1/4" thick)
Plate Freezer 10 pound cardboard 60 min. Refrigerant

carton of fillets
(22" thick)

Temperature of

~30°F within
plates
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TLBLE II  (continued)

cnilling kMethod Nature of Pack Time in Associated
Blast Tempsratures

of Cooling
Medium

Low temperature 20 pound wooden about Coil temp.

Holéing room (box box of fillets 3% hours ~-10°F

is pleced directly (3" thick) Room temp.

on brine coils) : +2°F

Cooling by ice in 8-20 pound wooden about 32°F

conventional packing boxes each 3" thick 55 hours

cases placed in cooled as a block

equivalent to 1iced
(15% salt)rafrigeraton:
Care

—— e e - ———— o ——— — — =

ks the investigation stands to date the following points can
be summarized with respect to pre-shipmsnt chilling of fish.

1. Chilling by immersion at any stags in the production line
doss not appear to bs warranted.

2« Chilling by ics is slow, giving a lerge scope for bacterial
ections Chilling by the blest method is rapid. Bacterial sction
is reducsd at the resulting low temperaturss which can be
lowered to 30.5°F very rapidly. Koesping time is incressed.

3. Chilling by blast air in lerge scels fresh fish
froduction where 30 to 32°F storagelfacilities are provided
should make for reduced labour costs, space rasquirements and a
smoother prdduction line than is pcssible using any of the other
tonventiocnal msthods,

4. Chilling by blast 2ir is most efficiznt snd practicable
for the production of fresh fish for air cargo and refrigerated

truck transport,
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5. Transportation costs by refrigerated railway and truck
trenspert carload lots should be gresatly decreased by pre-
trensit chilling in the blast which permits subsequent shipmsant
being made without ice being added to packing cases.,

There remains several aspescts which must be investigated.

1. No producer should be encouraged to use this method
unless he has & sulteble 30 to 32°F holding room to handle his
dﬁ;led fish for whatevsr psriod may elapse betwcen chillinév
and transit,

2e A strict check should bs maintainedbto ensure that
equivalent facilities or icing racilitiss ars available and
are being uséd immsdiatsly upon unloeding of pre-transit
chilled fish from rallway refrigeration car or refrigerated
truck transport.

3« A more rugged, better designed metal container for pre-
shipment chilling than that presently used 1is requirsd. Cost
of this conteiner is also to be considarzsd (prassnt cest is
ebout twice that of corresponding wooden box). If it is not
Possible to produce lower pric:d conteiners, an altesrnative
would bs to have rugged combination packing and pre-transit
¢hilling cans, which could bs used over snd over again in thoe
fish plent. Wooden boxes could be used for transporting the
¢hilled fish once it was transferred from the chilling cans.
Tals would involve additional research in both wooden and ms tal
box construction.

4. The uss of metal boxes for fillets would require a study
Ofpacking room prcduction flow cnd technique.

. Wehe MacCallum
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Appendix No. 15

THE DESIGN OF AN AIR BLAST FREEZER

Design and construction of a blast frsezer to incorporate
the results of ressarch,referred to in Appendices No. 16 and 17
of the 1948 Annual Report, has procecded with satisfactory
speede.

We have completed ths insulation of a room of sufficisent
size to house a blast unit which in its first form occupies'a
floor space of 18 x 12 feet and a height of 8 feet. Adaitional
saeonie refrigeration squipment has bssn instelled in our
engine room. All evaporator and all mechanical installations
have been completed.,

The complete_system has bsen tested without product
loed., The installed squipment proved capabls of mainteining a
blast air tsmperature of minus 47°F within the freszer ductwork.
LA regulator is provided fcr the purpose ¢of mointsining any |
desired temperature higher than this, This gives the plant
greet flexibility and should permit the carrying out of
freszing oxperiments at =any temperature thought to be practicable,
Fan performance checks closely with design specifications. Air
flow is very regular. It is apparent from infermation already
gathersd that a raduction in the floor space now ailoted the
unit is entirely possible without adding to fan motor power
requirements. Fan instellation 1s of flexible design which

%111 permit much further experimsnt with eir flow. Final
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decisions on the merits of various air flow schemes cannot be
made. until the unit is tested under refrigsration load for sach
scheme.

The work on truck development has procesded in psarallel
with freezer construction and testing. Three wocd ond aluminum
trucks,which appeer to be suited to pre-shipment éhilling of
fresh fish, have been constructed. The devslopment of 2 metsal
truck for quick freezing parcelled fillsts has proceedsd more
slowly. However, results achicved to date arec sncouraging. A
restraining mechanism has bsen designed to maintéiﬁ gvenness of
pressure on the product during freezing. Lnother mechanism is
being developed for ccocntrel of the plates seperating packages
placed within the truck.

The problem posing the greatest difficulty apgssars to
be one of reducing the present wsight of the truck while still
melntaining required strsngth and rstaining the desireable
opsrating features already developed. Items of design have
been rechecked, piece by piecce. L worth whils rsduction in
veight ap sars possible. H:nce a truck based on this design
will be built and checked for psrformance under load and at
low temperatures. Providing performance is satisfoctory, =
Still lighter truck will be designed.

In the event thet the truck weight cannot be reduced
Sufficiently in this way, the nsxt step will be to erect fish
Package adjusting and restraining mechanisms as a part of the

tunnel itself, rathsr than &s part of the truck.
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ilhen air flow measurements are completed and suitable
freezing trucks arc available, the unit will be tested under
full load. Then the performance of the freezer will be meds
evailable to the trade., |

The work with respect to pre-shipment chilling hsas
elrsa2dy rsached the odvanced stage whoere at this moment
facilities are availaﬁle for putting fish through the unit
on a cecmnercial basis,

The brine defrost system incorporafed in the design
offers considercble scope for psrformence .investigation. 4s
yst this defroster has not besn operated. Power requiréments
for fan motors may vary to a grsat extent, this‘variance
‘dspsnding cn brince elimination fzaturses. The variance appcars
to be of such ma nitude that a complete study of defrosting
equipment appsars to be justified. Inquiries placed with
refrigeraticn compsnies show the lack of a fund of information
on defrost problems. These will ccnstitute soms of the featurcs
upon which we will be asked to give rscommendaticns by any
one In the trade intorested in freeczing and chilling by the
air blast method.,

Welie MocCallum
F.H. Thsekston

Appsnailx No. 16

SOuE =ZFr3ICTS OF LOW TZLPER.TURZ ON MYOSIN

Ly

The investigation of the preopertiss of proteins would
be greatly enhanced if myosin could be extractad and stored in
a4 powder form from which soluticns could be made in a short

time. It has been shown that many proteins can be stored in



4155
aded form for indefinite pericds of time. There are
presently available two methods of drying myosin,both of which
lead to conslderable denaturstion. The first involves spray
drying the extracted protein, the product being 60 psrcent
peptizable by 5 percent sodium chloride. The second msthod is
irving the muscle tissue in a vacuum dessicetor, and extracting
the dried matsriel with salt sclution. This procedure has nct
been shown to be of value in storing protein. 4 third method
which has not been applied tc myosin is freeze drying, in which
the solution is rapidly frozen (usurlly =2t dry ics temperature)
end then placed in a high vacuum until dry. Before this methed
can be &pelisd some information regarding the rapid freezing of
myosin is required.

It has been shown that myosin soluticns frozen slightly
below the sutectic peint of the psptizing selt will be denatured,
the extent of denaturaticn dspending on the time of exposure to
the frsezing tempsrature. The results of these sxperiments
(Tebls I) show that myosin solutions frozen far bzlow the

sutectic tenmperature core also paertly dena tured,

—— — - C e

TLABLE I

Salt Concentraticns % Undenatured Myosin
while frozen (as psrcent of unfrozen)

76,5
74,2
69.0
73.1

75¢5

g & W N O

77.6
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They a2lso show that the concentration of salt is relatively

unimportant,

It was further shown (Table II) that myosin solutions

frozen above the eutectic point were not appreciably denatured

by subsequent exposure to dry ice tempsrature (-80°C). The
effect of rate of thawing was found to be of negligible
importance.
TABLE I1
Freezing Temperature of Time Thawing Undenatured
Tempereture Subsequent Thawing Temperature Myosin (as
Exposure : percent of
unfrozen)
-15°C 24 hours 3°C 89
-15°C -80°C 24 hours 3°C 88
-15°C 10 min. 20°C) till 91
, ' Jmelted
-15°C -80°C 10 min. 20°C) 94

These figures were obtained by using isolated myosin

systems and it should be notsd that r:isults obtained
treatment of myosin in situ will not be comparsbls.

likely that undenatured dried myosin can be prepsred

by similar
It seems

by freeze

drying providing the system is frozen above the eutectic point,

The determination of myosin is carried out by

Precipitating myosin (usually by dilution to less than 3% salt)

end dissolving the resultant gel in 1 N sodium hydroxids.

It

was found that normel sodium hydroxide would dissolve denatured

s well as undenatured myosin.

If 5 percent sodium chloride

folution wes used as extractant only the native protein would be
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soluble since insolubility in 5 percent salt solution is our
criteron of denaturation. In several experimsnts previously
perforned it was found that thare were considerasble differsnces
petween. ths values obtained when salt solutions were used and
wnsn normal sodium hydroxide was used.b The sodium hydroxide

values wer

]

inveriably hirher. This lcad to the belisf that
the salt had not complstely peptized the protein. This was
shovn to bé the cese by making four iGentical myosin gsl
prsprrations dissolving ons in normal sodium hydroxide and the
rsmeinder in § percent sodium chloride solution. Ifyosin in
aliquot portions of cach were detsrmined af intervals. The
rosulte show that native myosin must be allowed to stand for
soms tire in a finely subdivided state in 5 percent salt

solutions or low values will rssult in the determinction,

TABLE IIT

Time in posptizing Peptizing liyogin N
Solution Solution (as mg/g fish)
10 minutes N HcoCH 15.4
10 winutes 5% NaCl 10.4
3 hours 5% WaCl 13.8
24 hours 5/ NaCl 15.1
J.D. Duerr
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Appendix llo. 17

CHANGES IN TEE PALATLBILITY OF.FROZEN HALIBUT

In Harch of this ysar, taste psncl experiments to
show the effect of temperature and length of storage were
pegun on frozen halibut. Fresh guttsd fish of appreoximately
thirty pounds were obtained. Thesse wers sliced to pack in
one pound cg2ns. The cans were frozen in a brine spray at
-27°F for two hours and left in ¢ room at -20°F overnight.
The following day they were storsd in constant temperature
cebinets at +10°F, O°F and -10°F.

The printed form usad by the tasters for marking the
halibut ratings was adapted from that used for similar tests
on frozen cod fillets. At sach teste pensl the stored fish
was compzred with fish freshly frozen in brine at -27°F,
Unfortunately the quality of the control varicd considsrably
and it was.not always a good standard of comparisone.

Eelibut hes a much higher fat contsnt than cod and
from similer experimants on frozen ccd it was sxpscted that
esrly rancidity, especially at the hizher temperature +10°F,
would ceuse e rapid dcecroase in pelatability as ascertained by
the teste pznel. Up to 26 weeks_this effect has only begun to
bz obssrvsd for the stored fish hes comparcd vesry well with the
control.s The halibut has besn continually graded "fair" by the
tasters ané if the control wers considercd porfect would in
proporticn rate rmuch highsr, This can bc noted from the following

tabls of tasts pancl rcsults.
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Taste Penel Ratings of frozen halibut as % of porfect grade

Weeks of Storage Control 24-28 hours -10°F 0°F  +10°F
27°F .
1 75 77 69 74
3 66 68 73 72
-5 64 67 66 49
7 65 65 70 67
8 8l 65 71 53
11 77 56 52 o1l
14 41 68 73 53
16 78 68 3 53
21 69 64 67 62
26 72 64 62 56
The fish is judged on sppserance, texture, odour and

taste and on the basis of these a grade is given.

table represents the average grades on the fish samplas.

chenge in grade at present corresponds very closely to the

The above

The

loss of "sea fresh" taste but it is expected that after a very

few weeks it will be morc influenced by the objectionable

texture developcd in frozen fish on long storage.

Although there is soms protein denaturation as shown

%y the decrezse of myosin end totsl protein
rccorded in the fcllowing table, it has not

of the frozen halibut sufficicntly to cause

P<Cuction in palatabllity rating.

solubllity as

affeccted the texture

any considerable
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Percent of total protein N

geeks of -10°F 0°F +10°F
storage SolﬁProt. Myosin So%.Prot. Myosin SolﬁProt. Myosin
0 90 - 64 © 90 64 90 64
1 68 44 76 54 74 53
2 72 52 76 49 73 52
5 83 54 77 47 57 36
11 .70 40 80 48 71 44
21 i 73 54 70 61 62 40
26 -8l 26 78 36 - 60 24

Determinations of free fatty acid and peroxide values
were also mace, the fat being extracted with chloroform. As
shown in the table therc is a steady increase in free fatty

aclds, much more so at the higher storage tempsratures,

Storage Time Fres fatty acids % Peroxidc value
Neeks -10 0 +10°F m. eg/l00 g fat
-10 0 +10°F
Fresh | | 2.8 0.4
1 week 2.0 0.7
11 woeks 5.9 10.3  13.5 0.4 0.6 0.75
18 weeks - , 13.4 0.8
23 wscks 4.4 11.0  17.3 0.6 1.3 1.8
29 wesoks 7.5 12.8 19.1 0.4 1.5 1.4

—

The peroxide valuss have not changed at =-10°F but show

8 considerable increase at the storage tempsrature of 0° and

+10°F,

- Summarizing, after 6 wscks there has besn a small
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dscrzase in palatability of frozen Ltlantic helibut, much
less than with cod and haddock storsd undser the same conditions,

W.J. Dyer
M.E.J. HMacHillan
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- -B4CTERTOLOCY OF SALLT FISH

In spits of the fact that for over seventy years
;‘Mﬁentific papers have besn published on the red halophilic
vacteria thet discolor salted fish, ws appsar to bs little
ncarer to the control of this defect than they were seventy
76erS ago.

In conjunction with our other work on salt fish we are
trying to find some further details sbout these red organisms.,

Temperature Relationships

{ & Commercisl rad contaminated soler salt wes heated in the
hot a2ir oven to determine the times and temperatures required
0 render it sterile by hot 2ir. is shown by Figure 1, these

y orgenisms are very'r@sistént to dry heat, surviving 7 but not

9 minutes at 102°C, and 15 but not 23 minutss st 92°C, end 40
tut not 45 minutes at 82°C. Below this tenperaturs they may be
seatsd hours without any c¢ffsect. 4Lt 52°C thoy wers quite

| 2¢tive after 26 hours continuous drying.

On dried contaninated cod fish they wsre sven more
fesistant to dry hsat. On 50 gram portions c¢f dried fish they
frvived 15, 20, 30, 40 but not 50 minutss at 92°C.

In ccntrest to tﬁis, vhen contaminatced salt wes plscsd
o boiling wator the rad crganisms wers uncble to survive for
‘Yén one minute.

3 Up to the pressnt time we have considered 37°C as the best
iImubation temperature for culturing thesc organisms, and whon
t%ting solar salt, etc., for the pressnce of red bacteria the

Plates have bacn incubated at lsast 4 cr 5 weeks befors terminating
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he test. Using pure cultures, contemlnated brine, sa2lt and

s1sh a3 the source of the organisms 1t has becn found that

they a2re much riore thermophilic than we had formsrly belisved.
tyen from small numboers of cells they grow mcre rapidly and

wrn red much faster at 44° to 48°C thzn at 37°C, and extrsmely
slow at 25°C. By combining these highsr incubsation temperaturses

gith an improved m:dium and other changss in our forner

0]

tschnigqus ws are ablc to complests the analysis of salt, cte,
sop red bocterias in from 2 to 6 days in place of ths former 4

or 5 weeksSe

TLBLE I

9,

Ths sffsct of temperature and the size of the initiel number

of c.1ls in the incculation on the devclopmont of red coloration

on the surfaceo of halophilic culture msdiun in petri disnes

using pure culturs.

Lpproximate Humbsr of Lays to Devslop Rad Cclcration on
{21is in inoculum surfacc of msdiunm

Lt 45°C 4t 379C it 25°C Lt 7.2°C

10
10 1 2 6 8
9
10 5 3 8 “50
\ 8
10 3 4 9 50
10" 3 5 12 50
10° 4 5 13 50
S
10 4 5 14 50
4
10% 4 5 14 50
10° 5 6 14 50
10° 5 6 18 50
10 5 6 18 50

©o~
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(. It has been frequently cbserved that potentially "red"
organisms do not always devslop the femiliar red pigments.

The growth at 25°C is much slowsr than at 37° or 45°C, and

often colorless except aftsr very lesngthy periods of incubation.
If the organisms are exposed te asir, suvjscted tc moderate
drying or grown at higher temperaturss (37° to 48°C) they

form the pilgment very rapidlv. Thesc and other simils

observetions are lesading us to bslisve thot tho development of

color and the prssence of these orgenisms on fish are not
synonimous; and that a fish may develop a heavy crop of these
crganisms, which may becoms pigmentsd with incressed temperature,
lengthy holding, drying or some other subsequent changs in

their environmenﬁ. This 1s being follcwed up and mey lead to
amodificatién in our msthods cf attacking the problenm.

D. We ars also bcing continucusly confronted with the fact

that as well as tsmperature, the initicl sizs of the inoculation
(i.e. the numbsr of bactsria per gram weight of fish) plays a
vsry importent part in thergrowth cf the organisms and the
tsvslopment of the red pigment. The following tssts illustrate
this point. & large number of sterile plafés containing the
tulture medium best adapted for growing healophiles, were
lnoculated with Gecreasing diluticns cf a heeavy suspensicn of a
Pure culturs of "red" organisms, and ssts were incubated at

15°, 37°, 25° and 7.2°C. L4 similar test was run using a lightly
Cntemine ted commsrcial salt as the source of the becteria. The
T3sults are :1ven in Tables I and II, When ths incculatum
“nsisted of the pure culture and the plates wers Incubated at

0 s L
®°, 37° or 45°C sven a very small initial number of cells sooner
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or later developed in typical red surfacs growth. But when
the témperatuﬁe of incubation was 7.2jexcept where thse incculum
contained ten billion cells or more thers was no evidence of
growth or red coloraticn up to 50 days. Wwith the lightly
contaminated salt as the source of bscteria the results were
somewnat similar. As a group these orgenisms grew mors slowly.
ind up to 50 days there was no red coloratiocn and no indication

of growth at 7.2°C.

. —— e — o —— © ——

TLBLE IIT |

Similar to Table I, excspt that a commsrcial salt,

lightly contaminated with red becteric, was used as

the sourcs of the crgenisms,

Lpproximate Number Days to develop red coleration
of Cells in inoculum on madium

Lt 45°9C Lt 37°C Lt 25°C At 7.2°C

109 5 7 24 50
10° 7 11 30 50
10 17 30 35 50

This culture nzdium is a bsttsr substrate for these
rganisms than salted fish, and thersforc the psriods for the
development of red colour would be very much groater under
hetural ccnditions in the plant. Frcm this it>can be sean that
only fish that are grossly ccntominated at the beginning of

storage are likely to turn red if the temperaturec is et or near

7.2°C (45°F).,
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E. To what extent is a plant handling solar salt contaminated
with red organisms? Most of our so-called knowledge concerning
this question is based on suppositions rather than facts. One
plant very kindly cffered us complste facilitiss to get the
answers, Sevsral hundred pletes of sterile msdium were placed
throughcut the plant to dstermine the presence and distribution
of thess organisms in ths atmos?hare. The walls, floors, beams,
pillers, raaps, ccnveysrs, shovels, carts, etc, were examined
oy means of contact platss. The rssults are rather startling.
924 of the platss exposed to the air in ths salt storage sheds
and begging rooms showsd develepsd red orgenisms. In the
¢ryers and in the rooms used to stcre drisd salt fish the
cerresponding figure was just under 40%. is these latter rooms
were dusty and the floors in many places had a cover of dried
pulverized Fish dﬁst, these rssults were most unsxpected.
klmost 1007 of the contsct pletss in the sheds, containers,
conveyors, etc, showed heavy contamination. Even surfaces
which hed been recéntly trcated with a formaldehyde spreay
prccuced a crop of red halcphiles.

This typs of work has not been carrisd cut extensively
in the past bacsuse of the difficultiss md the length of time
rsquirsd in culturing the organisms. Now that they can be
grovn almost as guickly as ccmmon non-halophilic bacteria we
intend to enlerge cur picturc of their distribution in all phases

of s21t fish processing =nd storagc.
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lins required to destroy red halophiles in conteminated commercial

solar salt by heat.

F. Subjecting contaminated salt to a series of freezing
thawings had relatively little effect on either the activity or
the survival of the red halophiles. There is not much to support
the practice of freezing "red" contamihated fish, except that
the accompanying washing, brushing and handling will temporarily
f¢duce the numbers of organisms on the surface and lighten the
Clour of the fish; When conditions are iater sultable for growth
these fish will again develop a red color. |

c.H. Castell
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Appendix lNo. 19

ITYOSIN DENATTRATION IN SALT ¥ISH

The inter-relation betwsen salt uptake and myosin
denabturation reported last year (page A57) has been confirmed.
cod fillets were placed in brines of various strengths at
0°C. Percent soluble myosin and salt were determined on
ssmples talken periodicelly. In &ll five cases (brines of 5,
10, 15,»20 and 25 parcent sodium chloride concentration)
genaturation began when the salt content of the fillet had
reached approximately 8 percent as shown in the figure. The

extent of denaturstion depsnded on the final salt concentration.

TABLE T
Brining Solution  Time Soluble iiyosin N Salt
percent HNaCl Hours (as percent of Concentration
' Initial) percent
25 65 55.6 15.9
20 65 | 77.0 10.7
15 65 82.4 : 9.0

The fillsts brined in 5 and 10 psrcent salt solutions
¢id not reach the critical valus of 8-10 percent salt so that
vsry 1little denaturation occurred.

Attempts were made to duplicate these results using
izolatsd systoms. In this cese the proteln solution was made
up to various salt concentrations by the addition of salt.
iiyosin wes determined by éilutiénsprgedipltatimend extracting the
recipitatecd myosin with 5 percent scdium chloride in the colid.
Unfortunately it wss not fcund until recently that the peptization

of myosin by salt is an esquilibrium so that the absclute
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numerical values of many determinations may be in error.
Eowever, certain differences between the isolated system
snd myosin in fillets appear. There is no sharp breek in the
denaturation .curve with increasing salt concsntration. Rather
there 1s a gradual decreasce in soluble myosin which increaces

with increasing salt concentration,

TABLE II

Soluble myosin after 4 hours exposure to salt concentration.

Percent NaCl Soluble Myosin
(as percent of Initial
Soluble protein)

4.6 70.5
5.3 | 68.0
6.3 64.5
7.2 - 60.2
£.0 59.5
5.9 57.1
10.7 54,5
11.8 47.5
12,7 47,5

It was found also that exposure to 5 percent salt causes
denaturation of pert of the myosin although this was not
extensive and was possible due to incomplete peptization.

| The effect of temperature was determincd By carrying
out these experiments at various contreclled temperaturces. Results
cbtainsd are in agrsemcnt with those already reported by Dyer

(1647 and 1948) in fillets. That is both the rate and extent
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of denaturation are increased by increased temperature at any

constant salt concentration. The grsatest temperature effect

eppears to be between 5° and 10°,

TABLE III
Fercent Salt Soluble Myosin N after 4 hours
(as percent initial soluble
~ protein N

0°c 5°C 10°C 15°C
5 70.5 65 - 22 26
10 52.8 65 26 24
J D Duerr

Appendix No, 20

MOISTURE CONTINT EXAMINATION OF SLLT COD

Tests were carried out at this station in co-operatibn
with the Iﬁspectors of the Department of Fisheries in an attempt
{0 determine the accuracy with which these inspectors could
determine the water content of salt fish, and to find out the
relative reduction in welght loss of shipments of fish due to
inaccura cy of these estimates,

In our tests fish were taken in lots of approximately

Wenty, raded individually by each of three inspectors and dried

Y constant weight,

The rcsults are summarized briefly as followss:=-
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(1) Between the ranges of 35-42%, the accuracy being on an
overall average of 1.65% for the three inspectors on all tests,
the estimétes are considered favoursable.

(2) Over 42%, their cstimates being from 4.38%-6.50% in error,
and with en individual test error range from 1.8-12.5% per fish,
leads us to believe they are unable ﬁo sive satisfactory estimates
in this range, '

(3) Under 35% moisture we again find an error of 2.6-3.5%,
and with assorted ranges of moisture content being judged at ’
one test the error rises to 5.56%, thus fish under '35% moisture
are not being satisfactorily estimated,

This would indicate that care in sorting the fish as to
size before drying would eliminatec drying the smaller fish to a
much lower moisture content than the larger ones; the fish
apparently being passed as of 2 much higher moisturce content
than they possess,

Further tests to indicatebthe relative moisture contents
of each fish in a shipmoent might be carrisd out to advantage.

E.A. Lawson
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Appendix No., 21

BACTERIOLOGY OF SMOKED FISH

During our smoking expsrimsnts of the previous year
(4ppendix No. 30, 1948) it was found that fish smoked in the
station's experimental smoker and stored at 0° and 3°C had a
keeping quality that was very much supsrior to corresponding
fresh fillets kept under ths same conditions. This was shown
by orgenoleptic examinations, trimsthylamine values, pH cﬁanges
and bacterisl counts. The smoked fish wers 1in a good condition
efter 5 or 6 weeks at 0°C, while the unsmoked fillets were
spoiled in 9 to 12 days.

These results do not coincide with the sxperisesnce of
the trede (where the older tvpe of "loft'" smoksr is used).

They look upon smoking chiefly as a meens of adding flovour

and colour to fish, rather then a method of preservetion. It
mey be, and often is, that only the worst of the fresh fillets
ers smoked, and that this is the sxplanation of the relatively
poor keeping quality of commsrcially smoked fillets. However,
thers is 2lso the question ¢f the quantity and effectivensess of
the smoke itself. Until the chemlsts can provide us with &
nmethod of msasuring the changes that take place on the surface
of the fish during smoking, our spoilage curvss and bacteriologicel
data is of a very limited value. Furthermors, it has bsen shown
thet the pH of the substrate has o marked effect on the activity
of enzymes rcducing trimethylamine oxide. In the past we have

tried to follow the/époilage of smoked fish by means of the
! .

’
!

i
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trimethylamine values, We believe it quite possible to
develop a considerable surfoce slime on smoked fish and
occasionally to have the commencsment of putrid odours without
necessarily having a sharp rise in the trimethylamine values,
flore work 1is required to determine the value of trimesthylamine
as a measure of spoilsge in smoked fish or a new criterion of
gpoilage must be developed before_work along these 1ihes can
be accurately followed.,

For these reasons, any extensive work on the bacteriology

of?smoked fish has been temporarily shelvsd. In spite of this
decision curiosity has prompted us to carry out a few additional

8X

k3

eriments and the results seem to be worth recording briefly.
A. Cocd fillets were rermoved from fresh round cod as
asceptically as possible, brined and then inoculated by brief
imnarsions in suspensions of various pure cultures of bacteria,
Thess were then smoked in the station's tunnel smoker for three
hours. By msans of plate counts made bsfore and after smoking

~

a rough sstimate was formed of the percentage of bacteria that

strvived.

Organiem % Survival
Green Pseudonmonas A 1.4
Green Pseudomonss B 6.0
Groen Pseﬁdomonas C 1.7
Ser, marcsscens A 0.5
Ser, marcsscens B 0.2
Flavobacter sp. A 124.0
Flavcbacticer sp. B 76.0
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Organism % Sur vival
Mic., aureus v 23.0
Mic. byogenes 16.0
Mic. roseus 9.0
Mic. cinnebareus 14,0
Mic., citreus - 4.0
Mice. aurantiacus 1.0
Hic. varians 31.0
Mic. candicans 80.0+

From this it would seem that smcking is less destructive
to the gram positive micrococeci and Flavobecter than to those

gram negative rods that were tested,

C.H. Castell

Appendix No. 22

NEW TUNNEL SMOKEHOUSE

The "New type" tunnel smokehouse (Annual Reports 1947,
1948) was installed commercially in 1948 and was exhaustively
tested during that year and part of 1949, It was found that
the smoking period was far longer than had been anticipated.

After much investigation, in which air flow end smoke
density closely approximated that obtained in the Linton-Wood
tunnel, it was found that the fish required a smoking period of
from 4 to 6 houré before the desired color was obtained. Despite
thanges 1in velocity, smoke density, brining; draining and in

handling methods the smoking rate was never improved significantly,
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This smokehouse was finally replaced by two of the
Lintorn-¥Wood units, It is interesting to note that with these
standard tunnels the smoking period was somewhat longer than
that of the same type of tunrel in various other localities,
waicn would seem to suggest that the fish, climatic conditions
s these and a combination of some unknown factors may be the
cause of the lengthening of smoking time.

However, until the complete chemiéal and physical process
of smicking is determined, little can be done, from an englneering
coint of wview, to shorten, improve or modify the present smoking
rrocess in the fishing industry. i *

i

MJ.A. Foley
A.L. Wood
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Appendix No, 23

THE PRODUCTION OF COD LIVER OIL

Final steps have been taken in order to industrialize
the new rendering process developed at thé station for fish
livers (see Annual Report 1948)., Considerable delay was
encountered in selecting the proper type of centrifuge that is
to be used in the process. It will be recalled that the process
consists in treating comminuted livers, without addition .of
_ water and at low temperatures (:70°C) with-a small amount of
alkall in order to bring the pH near 8. Centrifuging of the
resulting ;roduct affects the separation of the oil from the
protein residue. A basket type centrifuge would affect this
separation but more édvantage would result from a continuous
operation. Finally a suitable type of continuous centrifuge
was found and it 1s planned to have the installation in working
condition by the middle of the winter.

The advantages of the new process over other methods
have been thoroughly weighed. One of the greatest 1s the total
recovery of the protein part of the livers substantially
undenatured.,

The study of this protein residue hes formed the subject
of an investigation undertaken a year ago. A more complete
account will be found further in this report (see liver residue)
but i1t i1s of interest to underline under this heading the
Importance of liver protein residue recovery for the vitamin

011l industry.
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Recovery of these valuable residues will bring in
revenue to the cod liver oil industry in the Maritime Provinces
end Newfoundland at a moment when general adverse circumstances
have rendered the position of the cod liver oil producers rather
difficult. .Full detalls of the process itself will appear in

the next Progress Report.

F.A, Vandenheuvel

Appendix No. 24

MARINE OILS IN GENERAL

Hydrogenation - Work has progrcssed on the basic study
of ﬁydrogenation. . The programme of this study was outlined in
the 1948 Annuel Report., Part of the results so far obtained
have been communicated at the Chemical Institute of Canada
meeting in Halifax this spring when it formed the subject.of
two conferences,

A new method of 1nvestig£tion of the hydrogenation
mechenism was described along with the results obtained with
simple orgenic compounds. It was shown that the method was very
accurate and was yielding promising results. Since then the
study hgs been extended to single unsaturated fatty esters,
egain successfully and it 1s felt that very useful information
will be obtalned as £he study develops 1itself, as regards
practical hydrogenation of oil in general, and particularly fish
olls,
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As outlined in the former Annual Report, the aim of
this work is to secure optimum conditions of hydrogenation in
order to obtain maximum selectivity in the herdening of marine
ollss It is planned, however, to undertake hydrogenation work
on a larger scale and on practical oils in order to apply the

information obtained in the course of this basic worke.

F.A. Vandenheuvel
J.D, Nickerson
W. Singh

Appendix No, 24 A

ANALYSTS

This summer a complete review of the methods of
analysis related to marine oils was undertaken.

One of the interests in the study was to show the
relative merits and limitotions of the methods. It éhowed
also that, 1in specific cases, the general standard methods of
analysis for oils and fats can be modified with advantage when
they epply to marine oils,

Lt the same time Messrs, Hayes and Cann were as a result
of thils investigation well equipped to undertake their thesis
work wlth analytical tools of ascertained value.

.The raw materials used were ssveral different grades of
marine olls of varlous origin (scal, cod liver, halibut liver,
whale, herring) at various degrees of freshness. We also used
for comperative purposes oils and fats of vegetable or animal
origin (olive oil, corn oil, linseed oil, lard, shortening,
margarine, butter) and pure compounds(such as pure fatty acids,

esters)
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‘The methods of analysis studied were for the most part
those of the American 01l Chemists'! Association which were then
compared with recently published msthods.

Lcid number, Saponification number, Iodine number,
Psroxide number, /ficetyl number, Unsaponifieble matter, titer, and
diene value were the principal analyses studied,

We also determined the physicél constants, suéh es
density, vliscosity, refractive index and cclour.,'

F.4. Vandenheuvel
B. Cann

E. Hayes
P.M. Jangaard

Lppendix No. 25

SYNTHESIS OF FATTY ACIDS

In the Lnnual Report of 1948 the nescessity of securing
pure speclmens of fatty acids for comparison purposes in future
work was underlined. This led to the application of the Arndt=-
Elstert reaction, and it was found that it constituted a valuable
nethod of synthesis for the purpose. The first findings were
communicated to the Canadian Journal of Research under the title
"The applicatioﬁ of the Lrndt-Eistert reaction to the synthesis
of fatty aclds of high molecular weight",

Further results have been submitted to the Canadian
Journal of Research. These papsers have not as yet been 1ssued,

Furthermore, the sarie gethod has now been extended to

unsaturated acids of high molecular welght with equal success

F.ha Vandénheuvel
P, Yates
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Lippandix No,., 26

POLYM -RISLTION OF OILS

The study of thé polymerisation of marine olls has just
started. Herring oil will constitutc the materinl for this
research which wili be later extended to szzl and whalos olls.

Primarily interestsd in one phase of this work is the
ceanning industry. Thce Norwegians have been using mildly
polymerised herring oil (sild olje) for some time with success
end & good deal of work has been achisved by the Noréegian
Fisheries Resesarch conccerning the propcrties of this oil, The
literature concerning this work shows, howsver, thét further
study 1s desireble in the field, especially in the processing
methods which are not describsad,.

Another phase of this rsscarch "Solvent segreghiionlof
polymsrised merinse oils" will interest the paint industrye.

F.s&. Vandsnhauvel

E. Hayes

Lppendix No, 27

FISE LIVZR RESIDUE

The programme outlined in the 1948 [innual Report has been
fulfilled by the analysis of the protein residue of fish livers
submitted to the new recovering process and the study of the
various possibilities of this matorial for industrial purposes,

4s it 1s separated from the oill the protein residue is

& paste, 66% of which is water. Thc rest is mainly protein,
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But it is as rich as beef liver in vitamins of the B
complex including Bjo the anti—perhicious anaemia factor,

For example, one of the principal vitamins, riboflavin
(B2) 1s present at an average of 15 micrograms per gran of
material which is the average potency for beef liver,

Ls for Bjg, the average is around 450 micrograems per
pound.

When the livers are originally fresh the resulting
paste can be canned yielding a palatable as well as highly
vitaminized product analogous to mammal livef paste, Hydrolysed,
it yields a product very similar to beef extract.-

The paste can also be extracted (water) and the resulting
solution evaporated (spray dried) to a potent liver extract rich
in all the vitamins of the B complex including Byg.

In any case the paste can be dried (drum dried) yielding
a meal perfeétly suitable for fced supplement,

It is probably under this last form that most of the
residue will be used although it is no doubt the least profitable
form. Nevesrtheless, it would, as such, bring a 25% increase
in revenue from cod livers., There is no doubt on the other
hand as to the salability of such a product which would be
entirely welcome by the miiling industry for the purpcse of
feed manufacture, as a recent enquiry has shown. The high
vitamin content of the meal and particularly that of Bjyg, probably
closely related to the "Animal protein factor" makes it of

tnusual value.
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Meanwhile, the study of the protein rssidue has still

several interesting points to cover and these will be the object

of next year's ressarch, They are principally:

(2) Quantitetive determination of the essential amino

acids.

- (b) Methods of processing the crude fish liver extracts

in order to obtain clinical conczntrate at Bisoe

(c) Fesd test using the meal es material,

F.4i. Vandenheuvel
Li. Guttmann
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Appandix No. 28

TECENICAL SERVICES TO THE INDUSTRY

During this last year, it was carnsstly anticipated that
more tims and assistence would have beon available for the
extension of this station's contects with the fishing industry.
Hoewever, once agein 1t has bsan barely possibls to keep pace
with the rcqussts received for e¢ssontial industrizl assistanqe.

Such activity does not lend itsslf readily to publication.
Meny problems, which are undoubtedly serious handicaps to
efficisnt cpsration are solvsd by such ridiéulously simple
procsdures that repcrting them would szem to be supefcilious.
Therofors, & certain portion of ths work donec by this station's
enginesrs has, of nzcessity, bassn done cursorily -seldom is it
recorded nnd often not even remsmbersd.

Rather than submit a long report filled with masses of
apparently trivial and unrslated details, it is Gzemed prsfsrahle
to sclect some few contributions made to the industry to serve
as examples. 4s for the valus of the gensral routine work, we

prefer teo refer the resder to the industry for its esvaluation.

Salt Fish
A.F.E.5. Salt Fish Drycrs have continued tc multiply in
spite of cur hopes enc prsdictions. During 1949, 23 new units
wsre installsd, roising the number of units in the iiaritimes and
Qusbec from 64 to 871 an increase cf about 35%,
Eight now salt fish plants have been built from layouts
made by this stetion and put intc operetion under supervision

¢f cur enginssrs,
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Two hybrids have resulted from this abnormal growth,
One is an A.F.E.S. Tunnel Type smokshouse with a standard salt
fish dryer located on tﬁe floor sbove, both units using the
same hot air supply equipment, Convarsion from smokshouse to
dryer operation is accomplished by throwing a switch and
shifting a damper,

| The second combination is a dryer designed for both
salt fish and Irish moss. Some time ago, baslic data on the.
drying of Irish moss were determined by this station's scientists,
but the initial cost of a dryer for moss alone seemed too high
to tempt the industry to experiment; Finally, one company,
which wished to process both products, utilizing our designrfor
a selt fish dryer as a basis, risked its ability to dry ths
moss, with such assurance as we could offer. The result hes
been satisfrctory. This is not a standard A.F.E.S. salt fish
dryer, but is a completely new design. It may also be suitable
for the precduction of lightly salted fish.

Another new salt fish dryer has entered the field. A
commercial consulting en:ineering company has designed this
dryer, in collaboration with this station's engineers, for one
of the larger bompsnieé. Drﬁing salt fish during the warm
summer months is most difficult in any dryer not equlpped to
dehumidify the inlet air. Unfortunately, the known me chanical
or chemical methods of accomplishing this are too expensive to
jusﬁify their use economically. For some time, 1t has been felt
that increasing the drying potential during summer months may
extend the range of dryer operation., If successful, this dryer

may produce dried fish during 211l but those days where dewpolnts
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exceed 65°F, In any case, the design should prove satisfactory
for lightly salted fish, Its cost is expected to exceed that of
the standard A.F.E.S. unit, but should be less then a unit
equipped for dehumidification.

Considerable intérest is being shown by’the smaller
producers in the construction of cooled storage rooms for salt
fishe At lecast six shore fish processers have requssted drawings
and specifications. If these ;nitial ihstallations prcve to be
economically sound, more inquiries may be expected. Such holding
rooms are in general use by the large producers where schooners
fish 1is kenchsd. The shore fisherman normally pickles his fish,
lergely because he may wish to make "boneless" and he has no cool
storage available,

Fish NMeal

Tw5 néw fish meal plants have appeared. One was designed
by a local engineering company and installed with this station's
engineers acting in a consultant capacity.

The second plant is of sohewhat unusual design, and the
engineering staff of this station was consulted cnly after the
plant wes actually in operation. Unfertunately, major changes,
which appeared to be desirable were restricted by the primary
design, but 1t was finally found pcssible to greatly increase the
daily producticn with a relatively small additional investment.

The production ¢f fish meal is very alluring to the
engineer, especially the possibilities it could offer to the
small fish producer., Tkousands of dollars are spent annually to
dispose of fish offall, when it is not inconceivable that it
could be turned into a source of revenue, At lsast, the ccst of

dumping it may bs saved.



ABY7

Smoked Fish

Only four new A.F.E.S. Smokehouses have been installed
this year. Two of these replaced the larger experimental unit
in North Sydney. This larger unit; which was reported last
vear, did not match the standard model in quslity of the product
processed and has veen abandoned. The other two units were
installed by a local company in & new venture, based on the
performance of their own duplex installation at Halifax.

Considerable more basic data on smoking fish must be
obtained before any hew design is presentéd to the industry.
Standard A.F,E.S. smokehouses continue in successful operation,

on cod fillets, finnan haddie and kippers,

Frozen Bait

The scarcity of frozen bait during 1948 has awakened
& great interest in pait freezers and storages. Requests for
layoﬁts and estlimates have ranged from large community projects
to supply Prince Edward Island and Grand MHanan, to smaller
individual enterprises.for a limited number of fishermen.,

Although it is difficult to demonstrate the economic
possibilities in such undertakings, several layouts have been
prepared, many requests have been investigated and some genereal
survéys mede to determine frozen bait requirements and instellation
costs. Only two plants (Prince Edward Island and Cheticamp) |
have actually been built,

The freezing of bait is a relatively high investment for

a single fisherman or small community. Transportation and holding
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frozen bait, when cbtained from a central freezer has been a

problsm. This station has designed a possible solution in an

inéulated”BBéjuwhich may be carried by truck to the central
freezer, loaded there, and returned to the fishing sits. It
may be képt cold by an ice=salt mixture or, where electricity
is available, by a small compressor, thus holding the frozen
bait until used, Draﬁings are avallable but it is unlikely
that this unit will be adopted by the fishermen until one is

actually buillt and demonstrated in practical use.

Newfoundland

Lt the entry of Newfoundland into the Dominion of"
Canada, this station's enginesr, in company with Dr. H. Fougere
of the Gaspe Experimental Station, visited Canada's tenth
privince. The purpose of this trip was to familiarize ourselves
with the fishing industry fhere.

Five'large salt fish plants were visited including both
indoor and outdoor drying procedurss. Representative small
shore fishermsn weré interviewed. Practically all varizties of
Newfoundland salt fish were examined, special attention being
paid to the lighter cures,

Five of the largest frozen fish plants were included in
this tour. These plants are highly mechanized, compared with
the Maritime fresh fish plant with which we are familiar,
Lpperently no expense has been spared on equipment in this branch
of the industry, and procuction efficiency should be high..

Typical bait freezers and storages, cod liver oil, seal

0il, fish solubles, white and olly fish meal plants were examined,
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Technically and in gsneral the Newfoundland Fishery
impressed this writer as Including both the oldest and most
modern préduction methods. This is particularly evident in the
salt fish industry.

The procducers, who ars actually the people, are most
courteous, friendly and industrious. The shore fishermen and
small salt fish prcducers have learned their methods by
expzsrience and have learned wéll. These msn know theilr business
thoroughly,. -

The frozen fish industry furnishes the examples of the
ﬁost modern in processing. Practically every known variety of
equipment may be seen in one plant or the other., However, this
writer was conscious of a carfain wanting of sound, fundamsntal
sngineering practice.-‘Without clting concrete exemplss the
picture would appcar similar to thet of a large, modernly
equipped hospital, opsrating without the presence of eifher a
quelified physician or surgeon. Every one 1s exercised in
procucing a first class product. Packages are attractive and
the time between the landing and freezing of the fish is
remarkably shorte. The freezers in use are all far superior
to any but the best in the other Maritime provinces. The
resulting product must be excellent, although it is suspected

that production costs may be relatively high.

Miscellaneous

With over 80 dryers in operation, some of which are
four years old, breakdown of equipment is to be expected. Ve

are continually called upcn to service these plants, as well
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as various other production equipment. Inquiries for information
on various processes, new machinery, materials of construction,
etc., are encountered continually and it is difficult to keep
well enough informed in this field to submit intelligent replies.

Practical consultant ehgineering companies are becoming
more interested in assisting the industry and some few of the
larger producers are availing themselves of such assistance,
particularly in regard to new installations. Of course, the
multitide of small producers cénnot afford the present cost of
these services and in almost every case whefe the practicing
enginesr is engaged he consults this station, usualiy at the
producers' request., This means ﬁhat this station almost
invariably finds itself actively engaged in most industrizl
operation and design, although are often spared the preparation
of final drawings and specifications for somse of-the larger
eﬁterprises.

Every request has received serious attention, even to
the design of an original brand label for one company's packages.

A.L. Wood

W.C. Angevine

Appendix No. 29

HERRING REDUCTION PLANTS

The possibility of establishing one or more herring
reduction plants for the utilizetion of the surplus fish on the
North Shore of New Brunswick was investigated.

It was determined that the erection of two profitable

Plents might be possible, one in Gloucester County and the other
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somewhere betwsen Westmoreland and Kent Counties due to the
large quantities of waste herring in these lccalities,approximatély
3500 tons of fish and offal_in-each; As the herring season lasts
only from 25 to SO'days it meansrthat each plant must have a
daily output of abéut 20 tons of finished meal, The initial
outlay and operafing expenses are high for such a plant as it
would remain idls for 11 months of thé year unless sufficient
white fish offal can be obtained to extend the period of opefation.
In addition to the value of the oil and meal produced a further
income miéht be derived from the drying.of;the stickwater.

One small plant of doubtful vintage and efficiency is
now operating in the area but is of 1little value in view of the
large quantity of waste. It might be possible, with certain
mocifications, to use this as a pillot plant to determine the
économlc possibility of a largsr layout, the menagement being
very co-operative and interested in the problem.

A.L. Wood

W.C. Angevine

Appendix No, 30

LOBSTER MEAL

In eddition to the ordinary fish scrap, lobster bodiles,
a by-product of both canneries and chilled meat production, are
evallable for the production of meal, We were requested to
brepare a quantity of lobster body meal to be utilized by
Officials of the Dominion Department of Agriculture in feeding
tests. While this was being done the drying characteristics were
determined, The scrap was dried in the laboratory pilot plant

dryer, It was found to be practicaliy a free drying material,



A92

drying much more readily than ordinary fish scrap.

H.E. Power

Appendix No, 31

DORY EMERGENCY TRANSMITTER

During 1948 Mr. D.G. Ellis produced an emergency
transmitter for dory fishermen for the purpose of sending a
signal that could be picked up by the direction finder of the
schooner. This was built from surplus war equipment and it
demonstrated that such equipment has a real use in the industry,
not only making fishing safer, but enabling fisherﬁen to work
in foggy weather and so increasing the catch. The original
transmitter was operatad by a hand cranked magneto,

During the present year Mr, Whitely working under the
direction of Profeésor G.H. Burchell of the Nova Scotia Technical
College developed a battery-operated dory transmitter that is
now undergoing tests at sea.

If this equipment is shown to fill a real need, the
plans will be turnsd over to several procucers of radio equipment
in order that an adequate supply at reasonable cost may- be
assured.

This transmitter was designed for emeérgency use in
dories when separated from the schooner in fog, snow storms, etc,
It consists of a single tube oscillator and amplifier which
feeds into a twslve-foot antenna. It is intended that the
antenna should-be supported by the mast of the dory. The

antenna radiates slightly less than 0.1 watts power on a
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frequency of 2134 kilocycles. The direction—findiﬁg equipment
in the schooners cover this frequency and the power radiated
should be sufficient to ensure reliable bearings up to two |
miles or grz=ater. The transmitter emits a steady unmodulated
note when the button is pushed and it will be necessary for the
direction-finder operator to switch on the beat-frequency
osclllator on his receiver in order ﬁo'hear the signal. The
bearing is teaken in the normal way, .

It is'planned to develop a modificetion of this equipment
with a somewhat longer range to act as a mark buoy for trawlers,
scallop fishermen and others that may need to locate readily
and accurately specific areas at sea,

Ws wish to express our apprecistion of the assistance
of Professor Burchell in this work. Without him the work
would have gone much slower and & useful appafatus might not
have becn developed, |

S.A. Beatty
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